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PEEFACE TO THE THIED AND FOUETH

EDITIONS.

The short interval which has elapsed since the preceding preface

was written affords additional evidence of the increasing useful-

ness of this work. Encouraged by such success, the Author, in

revising the present edition, has suppHed sundry omissions, and

added such new observations as the onward progress of ana-

tomical science seemed to require. Important alterations in the

arrangement of the Animal Series have likewise been introduced,

among which may be pointed out the complete separation of the

Protozoa from the Ciliated Infusoria, the introduction of the

groiip CffiLENTEEATA, and redistribution of the class Helmin-

THOZOA, the transference of the classes Rotifera and Cir-

RiPEDiA into close proximity with the Crustacea, to which they

are related in many particulars of their economy, and the esta-

blishment of the PoLYZoA as legitimate members of the Mollus-

cous division of Creation. As a general rule, however, the

Author has been carefal to avoid unnecessary changes in zoo-

logical classification, from a conviction that they are rather

calculated to embarrass than to facilitate the progress of the

student of Comparative Anatomy.

As regards the present edition, it need only be remarked that

such alterations have been made in the text as the advance of

science has rendered needful, and that its value has been en-

hanced by the insertion of many additional illustrations.
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PEEFACE TO THE SECOND EDITION.

The object of the writer of the present work has been twofold :

first, to lay before the Naturalist a complete view of the organi-

zation and physiological relations of every class of living beings

;

and secondly, to offer to the Anatomical Student a succinct

account of the structure and development of the vital organs

thi'ough aU the modifications they present in the long series of

the animal creation.

Such were the intentions of the Author, as announced at the

commencement of his undertaking ; and the reception the first

edition received at the hands of the pubUc has been such as to

afford gratifying proof that his efforts to facilitate the progress of

the cultivators of a science the importance of which is becoming

every day more conspicuous have not been unsuccessful.

Since the publication of the preceding edition, however, great

and important advances have been made in our knowledge : many

and earnest have been the labourers in this enticing field, and

proportionately encouraging have been the results. The inde-

fatigable industry of Professor Owen, conspicuous in every de-

partment of our science, has, by his invaluable analysis of the

vertebrate skeleton, not only remodelled the nomenclature of the

osteologist, but placed in the hands of the Geological Student a

light wherewith to guide his steps amid the darkness of departed

worlds. The improvements in our microscopes, and the zeal of

our microscopists, have much advanced our knowledge of the In-

fusorial organisms. The researches of Van Beneden and Siebold

relative to the cmbryogcny of parasitic worms open before us a

new field of research ; while the observations of Stecustrup,
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Dalyell, and Agassiz, on the alternation of generations " among
the Hydriform Polyps and Acalephse, promise results of the
utmost interest to the Naturalist.

The discoveries of Milne-Edwards have importantly increased
our information concerning the organization of the Mollusca as

well as of the Alcyonoid Polyps ; and those of Miiller, revealing
the metamorphoses of the Echinodermata, add new lustre to a
name ah-eady so distinguished in science.

To particularize our own countrymen and fellow-labourers

whose names give value to the following pages would be an in-

vidious task ; suffice it to say that the Author has endeavoured,

to the best of his ability, to keep pace with their diligence and
onward progress, so as adequately to record and acknowledge

their contributions to the general stock of scientific lore.

To Mr. Van Voorst, the liberal Publisher of the present

volume, the Author cannot but offer his best thanks ; the nu-

merous and costly illustrations that adorn the work speak for

themselves, while his endeavours to publish it at a price placing

it within the reach of every student will, it is hoped, be exten-

sively appreciated.
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THE

A GENERAL OUTLINE

OP

ANIMAL KINGDOM.

CHAPTER I.

ON CLASSIFICATION.

(1.) From the earliest periods to the present time., the great desi-

deratum in Zoology has been the establishment of some fundamental

system of arrangement which, being universal in its application, should

istribute the countless beings surrounding us into natural groups or

divisions, such as might be subdivided into classes, orders, and genera,

by obvious differences of structure in the tribes composing them, and

thus enable the Zoologist at once to indicate the position which any

unknown animal ought to occupy in the scale of existence, and its

relations with other creatures.

(2.) Aristotle, the father of our science, was the first who attempted

a scientific division of the animal world*. The outlines of his system

were rude in proportion to the necessarily limited kno\\iedge at his

disposal, although his efibrts were gigantic, and still excite our warmest

admiration. This acute observer admitted but two great sections, in

one or other of which all known beings were included,—the highest

comprehending creatures possessed of blood (?'. e. red blood), corre-

sponding to the Vertebrata of modern authors ; the lowest embracing

animals which in his view were exsangucous, or provided with a colour-

less fluid, instead of blood, and corresponding to the In^'ertedrata of

more recent zoologistst.

* Hisfcoria Animalium.

t ITpos 56 rovToi^ rd /tev evaifxa ruyxai'ei I'lura, oiov avOpwTro^ Kni 'ittttos Kai

TTi'tvO' oan T} diroSn fan reXea ovra y TerpairoSo, to. (V avatfxa, olov fxcXiTTa Kai

>y<pt)i, Kcu rdii' OdXarriiov (Tifir'ia Kai Kt'ipaPos Kni iravB' ona TrXeioi/s 7ro(!as (";^ei

TFTTupwv.— rfepi '/'Ma 'larofHoy, Kef. A.
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(3.) LiniiEiDus, Hkc Aristotle, selected the circulatory system as the
foundation of his arrangement*, dividing the animal creation into three
great sections, characterized as follows :

I. Animals possessed of lum-m red blood, and provided with a heart
containing four compartments, viz. two auricles and two ventricles.
Such are the Mammalia and Birds.

II. Animals with cold red blood, their heart consisting of but one
auricle and one ventricle, as he believed to be the case in Eeptiles and
Fishes.

III. Animals possessed of cold white sanies instead of blood, having
a heart consisting of a single cavity, which he designates an auricle'i
under this head he includes insects and all other invertebrate animals,
to which latter he gives the general name of Yermes, Worms.
We shall not in this place comment upon the want of anatomical

knowledge conspicuous in the above definitions, or the insufficient data
aflPorded by them for the purposes of Zoology. The apparatus of cir-
culation, being a system of secondary importance in the animal economy,
was soon found to be too variable in its arrangement to warrant its
being made the basis of zoological classification, and a more permanent
criterion was eagerly sought after to supply its place.

(4.) Among the most earnest in this search was our distinguished
countryman John Hunter, who, not satisfied with the results obtained
from the adoption of any one system, seems to have tried all the more
vital organs, tabulating the ditferent groups of animals in accordance
with the structure of their apparatus of digestion, of their hearts, of
their organs of respiration, of their generative organs, and of their
nervous system, balancing the relative importance of each, and sketch-
ing out with a master hand the outhnes of that arrangement since
adopted as the most natural and satisfactory f.

The result of the labours of this illustrious man cannot but be of
deep interest to the zoological student, and accordingly an epitome of
his ideas upon the present subject is here concisely given.

The apparatus of digestion appears to be among the least efficient

for the purpose of a natural division, as the separation of animals into
such as have a simple digestive cavity, receiving and expelling its

contents by the same orifice, and such as have an aperture for the
expulsion of the contents of the alimentary canal distinct from that by
which food is taken into the stomach, is by no means of practical

utility, although this circumstance, as wc shall afterwards see, has
been much insisted upon.

Hunter's arrangement of the animal kingdom in conformity with the

* SystemaNaturte. Vindobonre, 1767. 13th editioji.

t Descriptive and Illustrated Catalogue of the Phjsiologicfil Series of Coniparatire
Anatomy contained in the Museum of tlie Royal College of Surgeons in London,
vol. iii. part i. 1835.
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structure of the heart was a great improvement upon that of Linn£eus,

founded upon the same basis. He arranges in this manner all animals

in five groups :

—

I. Creatures whose hearts are divided into four cavities—Mammalia

and Birds.

II. Those having a heart consisting of three cavities—22epttZes and

AnipJiibia*.

III. Animals possessing a heart with two cavities

—

FisJies and most

MoUusca.

IV. Animals whose heart consist^ of a single Ga^vitj—Articulated

Animals.

V. Creatures in which the functions both of stomach and heart are

performed by the same organ, as in Medusce.

We shall pass over Hunter's sketches of arrangements founded on

the respiratory and reproductive organs, as offering little that is satis-

factory; but the researches of this profound physiologist upon the

employment of the nervous system for the purpose of zoological distri-

bution did much to inaugurate a more natural method of classification,

afterwards carried out with important results.

(5.) The appearance of the "Animal Kingdom distributed in ac-

cordance mth its organization," of Cuvier, formed a new and important

era in Zoology. In this we find aU creatures arranged in four great

divisions, Yeetebeata, Molltjsca, Aeticulata, and Kadiata. These

divisions, with the exception of the first, are named from the external

appearance of the creatures composing them ; nevertheless the three

first are defined by characters exclusively drawn from their internal

organization, the arrangement of the nervous system being essentially

the primary character of distinction, and have been found to be strictly

natural ; whilst the last division, characterized by the appellation of

Radiata, in the formation of which the structure of the nervous system

has been allowed to give place in importance to other characters of

secondary weight, obviously embraces creatures of very dissimilar and

incongruous formation.

(6.) The Vertebrata are distinguished by the possession of an in-

ternal nervous centre or axis, composed of the brain and spinal cord,

which is enclosed in an osseous or cartilaginous case, and placed in the

median plane of the body, giving off sjTumetrical nerves, which are dis-

tributed to all parts of the system. This general definition indicates

a large division of the animal world, which, by secondary characters

drawn from the structure of their organs of respiration and circulation,

is separable into mammals, birds, reptiles, amphibia, and fishes.

(7.) The MoLLuscA have a nervous system constructed upon a very

* For the important discovery tliat the heart of the Amphibia is divided into three

cavities, instead of being composed of a single auricle and ventricle, we are indebted

to Professor Owen {vide Zool. Trans, vol. i.).

n 2
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different typo, and do not possess any vertebral coluran or articulated
skeleton. The nervous centres consist of several detached masses
placed in different parts of the body, without regularity of distribution
or symmetrical arrangement ; and the entire group is obviously natural,
although Cuvier has ranged in it some creatures which, in the structure
of their nervous system, differ essentially from those comprised in his

own definition.

(8.) The class of Aeticulated Animals is likewise well characterized

by the nervous system, which, in all the members of it, is composed of
a double series of ganglia or masses of neurine, arranged in two parallel

lines along the abdominal surface of the body, united by communicating
cords, and from wliich nerves are given off to the different segments of
which the body consists.

(9.) The fourth division of Cuvier, namely that of Zoophytes or
Eadiated Animals, is confessedly made up of the most heterogeneous
materials, comprising creatures differing in too many important points
to admit of their being associated in the same group ; and the efforts of

subsequent zoologists have been mainly directed to the establishment
of something like order in this chaotic assemblage. The most import-
ant step in this direction has been the separation of the Eadiata of
Cuvier into two grand divisions named respectively the Protozoa and
the CCELENTEEATA.

(10.) The body of the Peotozoon consists chiefly of the elementary
substance known as sarcode or animal protoplasm—a soft often trans-
parent elastic and extensile tissue, albuminous in its composition, and
presenting but the faintest traces of organization; it is nevertheless

remarkable for its vital endowments, whereby it assumes manifold
diversities of outward form and exercises the nutritive and reproduc-
tive functions.

(11.) The CcELENTEEATA, On the contrary, present considerable com-
plexity of structure. They are all furnished with an alimentaiy canal

that communicates freely with the general or somatic cavity. The sub-
stance of their body is divisible into two layers—an outer or " ecto-

derm," and an inner or " endoderm and they are generally provided
with peculiar urticating organs or " thread-cells."

(12.) There can be no doubt that the nervous matter must be re-

garded as the very essence or being of all creatures, with which their

sensations, volition, and capability of action are inseparably connected
;

and such being the case, it is a legitimate inference that the capacities

and powers of the several tribes are in immediate relation with the de-

velopment and perfection of this supreme part of their organization,

and their entire structure must be in accordance with that of the

nervous apparatus which they possess. The nature of the limbs and
external members, the existence or non-existence of certain senses, the

capability of locomotion, and the means of procuring food must bo in
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strict correspondence with the powers centred in the nervous masses of

the body, or in that arrangement of nervous particles which represents

or replaces them.

(13.) Granting the accuracy of the above view, it is obvious that, if

exactly acquainted with the structure and elaboration of the nervous

apparatus of any animal, we might to a great extent predicate the

most impoi-tant points of its economy, and form a tolerably correct

estimate of its powers and general conformation. But, unfortunately,

such knowledge is not always at our disposal : in the lower forms of

the animal world especially, we are far from being able to avail onr-

selves of such a guide ; and it wiU probably be long ere our improved

means of research permit us to apply to practice the views which

Physiology would lead us to adopt. It is, however, by no means our

intention in the present work to enter the arena of discussion relative to

the juxtaposition or precedence in the scale of animal existence which

ought to be assigned to any particular group as defined by modern

systematists. The classification employed in the following pages is simply

adopted as being the most convenient for our present object ; we shall

therefore arrange our studies in accordance with the following sequence.

CHAPTEU II.

SUBHINGDOM I.

PROTOZOA*.

(14.) EHizoPODAf.—On carefully examining the contents of a marine

aquarium, or a glass vessel casually filled with sea-water, the micro-

scopic observer wiU not unfrequeutly perceive, adherent to the sides,

numerous beings which, from their minute size and transparency, have

until a very recent period entirely escaped notice, although the part

they are destined to play in the economy of this world is by no means

unimportant. The body of one of these remarkable organisms (fig. 1, i
)

consists of a minute spherical vesicle, somewhat resembling a globular

flask provided with a short narrow neck, filled with a fawn-coloured

* irpuiros, first
; ?uiov, animal.

t piKa, a root; irois, ttoSos, a foot:= root-footed, so called because the pseudopodia

spread out like roots. Vide:—D'Orbigny, Diet. Univors. d'Hist. Nat. 1845, v., and

Foraniiniferc8Fos.sile8, 1846 : Ehrenberg, Berlin Trans. 1838 and 1839, or Weaver's

abstract, Ann. Nat. Hist. 1841, vii. pp. 29G, 374: Dujardin, Ann. Sc. Nat. 1835,

iv. & v.: Clark, Ann. Nat. Kist. 1840, iii. 380; 1850," v. IGl : Williamson, Trans.

Micr. Soc. ii. and Micr. Journal, i. : Carpenter, Trans. Qeol. 8oc. 1841), nnd Pliil.

Trans. 185() : Carter, Ann. Nat. Hist. 1852, x.
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glutinous substance containing numerous minute granules, and appa-
rently unprovided with any external appendages. On placing one of tliese
creatures, however, in a glass of sea-water (its native element), it is found
in the course of a few hours to have attached itself to the sides of the ves-
sel by means ofnumerous long ramified filaments of hyaHne transparency,
which soon begin to reveal their ofiice to be that of a locomotive appa-
ratus, by whose aid the animal can transport itself from place to place,
but with such extreme slowness that its movements are hardly per-
cei^tible. The locomotive filaments thus displayed are perceptible by the
naked eye, their length being, when fully extended, four or five times

1. Oromia ovifonnis, with the root-like tentacles displayed.
2. Filaments fused together into a kind of network.

the transverse diameter of the body ; still they exhibit in their interior
no ajipearance of organization, but resemble so m;iny threads of molten
glass. When protruded, each of these filaments, at first simple and of
equable diameter through its entire length, soon begins to elongate itself

in a very mysterious manner, mo^-ing in different directions, as though
seeking some basis of support. As the elongation of the filament con-
tinues, appni-ently owing to a constant influx of new material into its

substance, it is seen to give off here and there secondary branches,
which, in turn dividing dichotomously, give to the whole structure the
root-Hke appearance represented in the figure. The retraction of these
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singular organs is accompHslied by a sort of inversion of the above pro-

cess, each filament shrinking as it were into itself untH it totaUy disap-

pears. The most remarkable circumstance, however, observable in the

economy of these creatures is, that the protruded filaments are able to

coalesce and, as it were, to become fused together, forming a gela-

tinous nctworic that spreads out in aU directions (fig. 1,2).

(15.) When a Ehizopod, having all its filaments thus extended,

wishes to advance in any given direction, those threads which are

directed in front become elongated, and those placed behind, on the

contrary, are drawn forward, while the intermediate move so as to

accommodate themselves to each change of position, thus evidently

exhibiting a consentaneity of action,

(16.) Internally these creatures present no traces of any special nutri-

tive apparatus; neither are there any

organs appropriated to reproduction, their

multiplication being apparently accom-

plished either by gemmation or by simple

division, as any portion of the mass sepa-

rated from the rest seems capable of

living and of forming a new centre of

organization.

(17.) The dcKcate body of Oromia,

above described, is unprovided with any-

thing like a shell ; but there are many

races presenting an organization in every

way analogous (such as the Miliolce, the

Cristellarice, the Vorticialce, and others)

that possess the power of secreting shells

of very exquisite texture, many of which

form extremely beautiful objects when

examined under the microscope.

(18.) TheFoBAMiNrFEKA* constitute a

very curious and remarkable group, im-

portant from the immense numbers in

which they occur in a fossil state, and

interesting from the peculiarities of struc-

ture whereby they are distinguished.

The shells of these singular organisms

(fig. 2) are divided into distinct compartments f, so as almost exactly to

resemble in their form the camerated shells of the Nautili, Ammonites,

and other highly-organized moUusca. Examined, however, in a living

* Foramen, a hole; fero, to bear or carry: = having their shells perforated by

numerous small holes.

t Whence the group has also received the name of roi,vriiArj.\MiA, /. c. iniiny-

clianibcred.

1. Nonionina, exhibiting pseudopodia

protruded through the foramina in

the walls of the shell.

2. The same after the solution of the

shell in weak acid.
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state, they are found to belong to animals of a very different type, as
remarkable for the simplicity of their organization as for theii- elegance
and delicacy. The shell, as represented in the figure, consists of nume-
rous chambers divided from each other by calcareous septa, and perfo-
rated by innumerable minute orifices, or foramina, from which circum-
stance is derived tlie characteristic name. Internally these chambers
are entii-ely fiUed with a homogeneous, transparent, glairy substance,
which, being soft and diffluent like the arms of Gromia described
above, can be protruded through the numerous apertures in the pe-
riphery of the shell in the shape of long contractile filaments (^^seu-

do2iodia).

(19.) On removing the delicate calcareous shell by the assistance of
a weak acid, the body of the animal denuded of its covering (fig. 2, 2)
is found to be entirely soft

: that portion which is lodged in the first

compartment of the shell is colourless and of a crystalline transparency
;

but in each of the succeeding segments there may be detected a granu-
lar mass of a brownish colour, and not unfrequently the mijiute siliceous
shells of Miviculce, Bacillarice, and other forms of Infusorial organisms,
the remains of which may be traced nearly as far as the umbilicus of
the s]Diral.

(20.) The pseudopodia of the Poraminifera probably entangle and
lay hold of the minute bodies which serve as their food, consisting of
Diatomacese, Desmidiece, the smaller forms of Confervse, &c., and draw
these by their contraction into the sarcodic substance, within which
they may be seen through the transparent shell. It is not by any
means constantly that the indigestible residua are cast forth again, for

they sometimes accumulate in such numbers as even to choke up a
considerable part of the cavity. The living gelatinous substance is

occasionally seen to extend itself around the exterior of the shell ; and
jyseudopodia may then be put forth from this extension as well as from
the ordinary outlets.

(21.) The Foraminifera are evidently composite fabrics evolved by a
process of continuous gemmation, each gemma remaining in connexion
with the body by which it was put forth ; and according to the plan on
which this gemmation takes place wUl be the configuration of the
shell. Thus, if a bud should be put forth from one of these creatures
in the direction of the axis of its body, and a second shell should be
formed around this bud in continuity with the first, and this process
should be successionaUy repeated, a straight rod-Hke shell AviH be pro-
duced, having many chambers communicating with each other by the
openings that originally constituted their mouths, the mouth of the last-
formed chamber being the only aperture through which the gelatinous
body, thus composed of a number of segments connected by pedicles or
stoloiis of the same material, can receive a supply of food. The succes-
sive segments may be aU of the same size, or nearly so, in which case
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the entire rod wiU approach the cyUudrical form, or resemble a Hne of

beads ; but it often happens that each segment is somewhat larger than

the preceding, so that the composite sheU has a conical form, the apex

of the cone being the original segment, and its base the one last pro-

duced. If each of the successively formed segments, instead of being

developed exactly in the axis of its predecessor, should be directed a

Httle to one side, it is obvious that a curved instead of a straight rod

would be the result ; and this curve may be increased until it become a

spiral. The character of this spiral wiU depend in a great degree upon

the enlargement or non-enlargement of the successively formed cham-

bers ; for sometimes it opens out very rapidly, every whorl being con-

siderably broader than that which it surrounds, in consequence of the

great excess of the size of each segment over that of its predecessor

(fig. 2, i) ; but more commonly there is little difference between the

successive segments after the spiral has made two or three turns. In

many genera the new segments are added in concentric rings, each

surrounding its predecessors, so as to form flattened disks varying m
size from that of a pin's head to that of a penny-piece. When such disks

are subjected to microscopic examination, they are seen to be composed

of concentric circles of cells (fig. 3) that communicate with each

Fig. 3.

structure of the calcareous disk of an Orbitolite :—a, the central cell ; b, circumnnibiont cell

;

c, c, concentric zones; d, d, annular pa83ut;e8 of the outermost zone. The same parts are sliown

by a vertical section passing in a radial direction at e, e; and at/,/, following the course of one

of the zones.

other by means of lateral passages, and which in the hving state are

each of them filled by the sarcode whereof the living portion of the

animals consists. In this case there can be no reasonable doubt that

the sarcodic extensions of the outermost zone issue forth as pseudo-

podia from the marginal pores, and that they search for and draw in
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alimentary materials in the same manner as do those of other Fora-
minifera.

(22.) Wliere the growth of the disk takes place with normal regu-
larity, it is probable that a complete circular zone is added at once. When
the sarcode body has increased beyond the capacity of its enveloping disk,
it may be presumed that its pseudopodial extensions proceeding from'
the marginal pores coalesce, so as to form a complete annulus of sarcode
round the margin of the outermost zone ; and probably it is by a deposit
of calcareous matter in the surface portion of this annulus that the new
zone of shelly substance is formed, which constitutes the walls of the
cells and passages occupied by the soft sarcode body. Thus we find this
simple type of organization giving origin to fabrics of by no means mi-
croscopic dimensions, in which, however, there is no other differentia-

tion of parts than that concerned in the formation of the shell, every
segment and every stolon (with the exception of the two forming the
nucleus or centre) being, so far as can be ascertained, a precise repeti-
tion of every other, and the segments of the nucleus differing from the
rest in nothing but their form. The equality of the endowments of each
segment is shown by the fact (of which accident has frequently furnished
proof), that a small portion of a disk entirely separated from the re-
mainder will not only continue to live, but will so increase as to form a
new disk, the loss of the nucleus not appearing to be of the slightest

consequence from the time that active life is established in the outer
zones.

(23.) In Faujasina and the NummuKtcs, apparently the most highly
organized of the Foraminifera, the shell is of more compHcated struc-

ture, being permeated by a system of radiating interseptal canals com-
municating with the exterior.

(24.) For the following observations relative to the reproduction of

the Foraminifera we are indebted to Professor Max Schultze*.

Eemarking that an individual of the genus Triloculina (D'Orbigny)

had become stationary for several days, and enveloped, as is not usual,

in a thin layer of brownish slime, Professor Max Schultze paid par-

ticular attention to it. At the end of a few days after it had become
quiescent, sharply defined minute spherical granules Avere detached

from the brownish slimy envelope, and in the course of a few hours the

animal was surrounded by about forty of these corpuscles, which

gradually became more and more separated from it. Microscopic exa-

mination proved that these were young Foraminifera. When viewed

by transmitted light, they presented a pale-yellowish-brown calcareous

shell, consisting of a central globular portion partly surrounded by a

closely-applied tubular part, and having no septum in the interior. In

a short time the young animals protruded their contractile i)rocesscs

from the anterior opening of the shell and crawled about upon the glass.

« Miiller's Archiv, 1856, p. lfi;i.
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The parts of the body contained within the sheU could be examined with

great accuracy under the highest raagnifying-powers, and were seen to

consist of a transparent, very finely granular, colourless material, of

which the protruded filaments were an immediate continuation. From

the cii-cumstances under which the young Foraminifers made then-

appearance, they must necessarily quit their parent in a tolerably per-

fect condition.

(25.) When the calcareous shell of the parent animal was carefully

broken up, it was found to contain only trifling remains of a finely

granular organic substance, which, after careful and continued observa-

tion, exhibited no trace of motion such as is often, under other circum-

stances, presented in separated particles of the animal substance, nor

could he perceive any vestige of progeny in process of development.

The almost complete absence of any organic contents in the shell of an

individual which from eight to fourteen days previously was creeping

about, renders it probable that the whole (or, at any rate, part) of its body

had been transformed into young ones.

(26.) It is astounding to reflect upon the multitudes of these micro-

scopic shells which crowd almost every sea-beach. In some cases at

least one-half of the bulk of the sand seems to consist of these elegant

organisms. Plancus (Ariminensis, De Conchis minus notis) counted

6000 in a single ounce of sand from the shores of the Adriatic ;
and

D'Orbigny estimated that an ounce of sand procured from the Antilles

contained not fewer than 3,800,000 ! The numbers, therefore, contained

in a square yard are beyond aU human calculation ; and yet what is

that when compared with the extent of sea-coast in aU parts of the

globe ? Probably, therefore, no race of animals is more numerically im-

portant than that we are now considering. Their remains constitute a

great proportion of the so-caUed sand-banks which often so materially

interfere with navigation by obstructing the entrance to bays and

straits, or, as is the case with the port of Alexandria, blocking up

harbours. They enter largely into the formation of coral islands, and

not unfrequently compose extensive geological deposits. One solitary

species of the genus Fusulina has, in Eussia, given rise to enormous

beds of calcareous shells. The cretaceous formations both of France

and England contain them in immense quantities. The tertiary strata

abound with numerous species ; and the very stones of which the

largest of the Pyramids of Egypt is built are principally composed of

shells {Nummulites) belonging to this important group. The tertiary

basins of the Gironde, of Austria, and of Italy, and more especially

the " calcaires grossiers " of the vast Parisian basin, are in some parts

80 filled with them that 58,000 have been counted in a cubic inch, or

about 3,000,000,000 in a cubic yard—figures that may well spare us

further calculation. In fact, it might be stated without exaggeration

that the city of Paris, as well as many of the towns and villages in the
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surrouucling Departments, are almost entirely buUt of stones that seem
to be mere agglomerations of these microscopic shells*.

(27.) PoLYCYSTiNAf.—Nearly related to the Foraminifera, or at least
apparently belonging to the same general typo of structure, are the Poly-
cvsriNA, an extensive group of very interesting microscopic bodies possess-
ing great beauty and variety of form and structure. These are minute
siliceous shells, which appear, from the recent observations of Professor
MiiUer+,to contain in the living state an olive-brown sarcode extending
itselfmtopseudopodial prolongations that pass through the apertures by
which the shells are perforated. The sarcode does not seem always to
mi the shell, but only its upper part or vault, and to be very regularly
divided into four lobes. It is a peculiar feature in these Polycystina that
their sheUs are often prolonged into spines or other projections, which

Fig. 4.
are sometimes arranged m
such a manner as to give them
a very singular aspect (fig. 4).

It seems probable that these

creatures are at the present

time as widely difl^used as the

Foramiuifera, although, from
theii- extreme minuteness, they

have not been so often recog-

nized. They were first disco-

vered by Professor Ehrenherg
at Cuxhaven, on the North
Sea; they were afterwards

found by him in collections

made in the Antartic seas;

and have been recently de- shells of Poiycystiua.

scribed by Professor BaHey as \ ^^'f
Schonabv-rgkii.

J ""'-'J ""J
2. ithopalocanium ornatum.

presenting themselves (with Eoraminifera and Diatomacea?) in the de-
posits brought up by the sounding-lead from the bottom of the Atlantic
Ocean at depths of from 1000 to 2000 fathoms. They appear to have

* The following table indicates the proportions of genera and species of Forami-
niferous shells which have been met with in various geological epochs :

—

Carboniferous series 1 genus, 1 species

;

Jurassic series 4 genera, 20 „

Cretaceous series 30 „ 250 „
Tertiary series 55 ,, 460 ,,

Now existing 68 „ 900 ,,

so that 1631 species of these minute organisms have already been distinguished by
classical naturalists.

t TToXvs, many
; Kvari^, a bladder : =having shells resembling transparent vesicles.

X Vide Mi'iller, " Ucber die Tlialassicollen, Polycystineen und Acanthonictren des
Mittelmeeros," in Monatsboricht dcr konigl. Akadcmie dcr VViesenschalten zu Berlin,

13 Nov. 1860.
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been much more abundant, however, dnring the later geological periods,

inasmuch as in a single deposit in Barbadoes Professor Ehrenberg

detected no fewer than 282 forms which he considers to be specifically

distinct.

(28.) AcTiNOPHBYS*.—Among the most interesting contributions to

our knowledge of these simple organisms are those of the distinguished

German micrologist Kolliker, whose researches relative to the organiza-

tion of Actinojjhri/s Solf are calculated to clear up many doubtful points

connected with the physiological history of numerous allied genera of

kindred structure. The Actinophrys (fig. 5, i) is a minute animalcule

Kg. 5.

Actinophrys Sol.—l. a, the cortex ; 6, nueleua of the animalcule ; e. homogeneous basal sub-

stance ; J, vacuoles ; e, tentacular filaments. 2. The same, less magnillecl, at the moment of feed-

ing : a-e, as above ; /, an infusorium which has just entered the substance of the body, while the

surrounding filaments enclose it on all sides. 3. Another specimen : a-e, as in fig. 1 ; /, a Viiu-

cheria-spore wholly imbedded in the cortical substance, the opening through which it entered

entirely closed, although its situation is indicated by a slight depression ; .9, another spore already

entering the nuclear substance ; h, an infusorium lying in a special cavity ; /, a sjiore in the nuclear

substance ; k, half-digested morsels ; I, a swallowed Lynceus ; m, excrementitious matter beginning

its exit from the cortical substance. The other figures represent the sarcode highly magnified.

nearly spherical in its shape, having the surface of its body covered with

closely-set delicate filaments, the length of which frequently exceeds

the diameter of the creature. It does not present a trace of mouth,

stomach, intestine, or anus, but consists entirely of a perfectly homo-

geneous substance of soft and delicate consistence. Examined under

a very high power, the whole animalcule appears to be made up of a

most regular and delicate tissue of round or polygonal cells, although

on closer inspection such is found not to bo really the true structure.

"WTicn the animal is torn or crushed, it becomes evident that it is entirely

composed of a semifluid material (sarcode) enclosing vacuoles ; for it

will be found that the supposed cells may at pleasure, under pressure,

* a»crii', a ray or spoke of a whccol
;
n<ppvs, nn oycbrow : = covered wit.li rncliating

processes resembling hairs.

t Sicbold imd Kdlliker's Zcitschr. vol. i. p. 198.
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be made either to coalesce into larger or be divided into smaller cavities
presenting in all respects the character of the normal ones.
The filamentary appendages to the periphery of this animalcule are

essentiaUy tentacular organs, composed of the same substance aS the
rest of the body, from which they differ only in never having vacuolesm their interior

; and if granules are to be detected in their structure,
these are very few in number.

'

(29.) The mode in which the Actinophrys is nourished is a subject
of the highest interest. Although, as has been stated, the creature has
neither mouth nor stomach, yet it Hves upon solid nutriment and re-
jects such parts as are indigestible. The Actinophrys, indeed, feeds
upon Infusoria of aU kinds, on the lower Algae, such as the Diatomacea;,
and even on minute Crustacea, as the young of Lynceus, Cyclops,
which it accomplishes in the foUowing manner :—When, in its progress
through the water, it comes in contact with fitting food, the object,
whether.of animal or vegetable nature, as soon as touched by one of the'
tentacular filaments, usually becomes adherent thereunto. The fila-
ment, with prey thus attached, then slowly shortens itself, dragging
the object seized towards its devourer—aU the surrounding filaments
bending their points together, so that the captive becomes at last en-
closed on every side (fig. 5, 2, /).

(30.) That the tentacles, however, possess some other power than that
of mere prehension appears evident, because nearly every creature of
moderate and even immoderate size which strikes against them is at once
for a time rendered immoveable. When a Rotifer, in crossing the field

with velocity, strikes against any object, the rotatory organ is often seen
at once to suspend its operation, more particularly should its cilia

strike the cilia of another animalcule; and frequently no notice what-
ever is taken of the shock : not so, however, with the victim of the
Actinophrys Sol; on the instant of contact with those tentacles it

appears to be paralyzed.

In some cases the prisoner is held for some seconds on the exact
spot where it struck, and then, without any visible means, becomes
attracted towards the body of the Actinophrys, gliding slowly down the
tentacle until it is jammed between its base and a neighbouring one.
In other instances, instead of the prisoner being arrested on or near
the extremity of the tentacle on which it strikes, it is shot down to the
base with extreme rapidity, to occupy the same position as in the former
case. Sometimes it would seem as if the appetite of the Actinophiys
were sated, or that the captive was not approved of; for after remain-
ing stunned for a few seconds, ciliary action is feebly recommenced, not
sufficient to produce motion, but as if a return to vitality had been
eff'ectcd

;
shortly it is seen to glide ofi" the tentacle (as if that organ

possessed the power both of appropriation and rejection), and frequently
with but little sign of recovered life it floats out of the field.
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(31.) But shoixld the Actinophrys be hungry, the spot upon which

the captured animalcule is lying slowly retracts, and forms at first a

shallow depression, in which the prey, apparently adherent to the sur-

face and foUowing it in its retraction, is finally lodged. The depres-

sion, by the continued retraction of the substance, becomes deeper
;
the

imprisoned animalcule, which up to this time had projected from the

siirface of the Actinophrys, entirely disappears within it, and at the

same time the tentacula, which had remained with their extremities

applied to each other, again erect themselves and stretch out as before

the capture. Finally the depression assumes a flask-like shape by

the drawing-in of its margin, the edges of which coalesce, and thus a

ca%aty closed on aU sides is formed wherein the prey is lodged. In this

situation it remains a longer or shorter time, gradually, however,

approaching the central portion of the body. In the meantime the

periphery of the Actinophrys regains in all respects its pristine condi-

tion. The engulfed morsel is gradually digested and dissolved, as is

readily seen by its change of appearance from time to time. If entirely

soluble, as, for instance, an Infusorium, the space in which it is con-

tained contracts as the dissolution of its contents goes on, and finally

disappears altogether : should there, however, be an indigestible residue,

a passage for its exit is formed, and it is expelled by renewed contrac-

tions of the homogeneous substance, and in the same direction, or

nearly so, as that which the morsel followed in its introduction. The

passage and the opening through which the expulsion was effected dis-

appear again without leaving a trace.

(32.) The number as well as the size of the morsels taken at one

time, in the manner above described, by an Actinophrys, is very various.

Sometimes there may be two, four, or six swallowed simultaneously,

occasionally more than ten or twelve.

(33.) A remarkable contractile vesicle is always visible in these ani-

malcules, which Mr. Weston* regards as a valvular orifice. It is best

distinguished when about the edge of the seeming disk, and is never

still night nor day, being slowly but without cessation protruded, occu-

pying from ten to seventy or eighty seconds in its development, and

then, like the bursting of a vesicle, rapidly and totally subsiding : for

an instant it totally disappears, but only to be as gradually and as

certainly reproduced. Should that side of the creature where the valve

is placed be turned from the observer, the effects of the contraction are

distinctly seen, although the valve itself is not ; for at the instant of its

bursting and closure, some half a dozen or more of the tentacles situated

on or about it, which have been gradually thrust from their normal

position by the act of its protrusion, now approach each other with a

jerk-like motion caused by the sudden bringing together of their bases.

(34.) The valve seems to be formed of a double layer of the external

* Quarterly Journal of Microscopical Science, vol. iv. p. 1 10.
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Fig. fi.

hyaloid membrane, the edges of wliich appear to adhei-e to each other
tenaciously, notwithstanding the growing distention from within, until
the force becomes so great that the lips, as they may be called, sud-
denly separate, apparently to give vent to some gaseous product.

(35.) With regard to the reproduction of the species, Mr. Weston
assures us that self-division is one mode. First may be noticed a deep
depression above and below, not far from the centre of the body; this,

as it increases, throws the tentacles across each other, as a necessary
consequence of the depressions in the surface and the position into

which the outer membrane (in which the tentacles are inserted) is

drawn. As the division proceeds, the two animals steadily, but rather
quickly, increase the distance between them, until there is only a long
membranous neck, apparently composed first of four, then three, then
two irregular lines of cells, which ultimately diminish into a single

cord composed of three simple cells, elongated like the links of a chain,

and becoming more attenuated till the di\dsion is complete. All this

latter part of the process is rather rapidly performed ; that is, from the
first formation of the rows of cells to the time of the final separation

occupies only about a quarter of an hour.

(36.) NOCTILUCA*. TheNoCTILUCiE

may perhaps be classed with the Ehi-

zopods. The general shape of the Noc-

tilucat(fig. 6, i) is that of a minute

melon deeply indented at one extre-

mity, at which point is attached a sort

of proboscidiform appendage or tail

:

externally its body seems to consist of

two membranes of extreme delicacy,

which are apparently filled with a

clear fluid. At the bottom of the

indentation above-mentioned, close to

the insertion of the appendix, there

is always found a little mass of mud,

or other detritus, which it is very

difficult to wash away ; but when

this is accomplished, it becomes per-

ceptible that this foreign matter is

adherent to a semitransparent gra-

nular substance, which here protrudes

through a little aperture generally

called the mouth, and which is con-

tinuous with a quantity of the same

material situated in the interior of the little s'lobe.

1. Noc'iluca, iiiuguillLHl, and viewed as n
triinsparont object. 2. A portion of its in-

tcrnnl tiasuemnfjnilled 150 dinineters, show-
ing viuMiolc.^ and idiizojiodie extensions

No digestive apparn-

* Nocfe, by night; Inceo, to shine: = sliining in (he dark, jilio.sijliorescent.

f M. do QuntTpfngcs, Obsprvntion.s sur Ics Nootihiqii'\«i, Ann. des .Sf. Nat. 1S.')0.
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tus is visible ; but numerous vacuoles of variable size (fig. 6,2) are dis-

covered in the granular substance within, together with a central nucleus.

No rhizopodic extensions are in these organisms protruded externally ;

biitin the interior the microscope reveals a delicate network of irregular

filaments that ramify in every dii-ection, and exactly resemble in their

character the anastomosing threads of Qromia, represented in a prece-

ding figure.

(37.) In the vacuoles it is easy to perceive particles of green matter

or other foreign substances, which seem to afford nourishment to the

animal; so that these cavities doubtless perform the functions of tempo-

rary stomachs, although they are constantly changing their shape and

situation in a most remarkable manner.

(38.) No reproductive apparatus is apparent in these little beings ;

yet sometimes individuals are to be seen with double bodies, and, from

the observations of Colonel Baddeley as recorded by Mr. Brightwell*,

there seems to be little doubt that the Noctiluca multiplies by spon-

taneous fission. Colonel Baddeley's researches lead him to infer that

this process "begins by the gradual formation of a second nucleus,

which, after its commencement, rapidly arrives at the size and appear-

ance of the other. A second globular substance also (termed by some

previous writers on the subject the mouth) is formed, in addition and

near to the nucleus ; and a constriction, small at first, but gradually

increasing, takes place, until the perfect Noctilucse are developed, united

at last by a thin band which is speedily ruptured,—^the whole process

of division not occupjdng more than twelve hours." The observations

of Dr. Buscht, and more particularly those of Mr. GosseJ, clearly de-

monstrate that the Noctiluca? increase also by germs or gemmee.

(39.) It will surprise some of our readers to find that the Noctiluca3,

small as they are, feed upon Diatomaceoe, and that in these microphagists

we have the means of supplying our cabinets with specimens of some

of the rarer forms. Colonel Baddeley observes that he finds that, when

newly captured, each Noctiluca has several Diatoms in its interior,

lying in the various chambers or pouches distributed through the body

of the animal. These Diatoms aU disappear in a few days, leaving

nothing visible but the vacuoles or alimentary sacs fiUed with granular

particles. A very careful examination shows a,n orifice near the tail or

peduncle, which may be caused to open by carefully pressing the animal

;

and from this is protruded, by continuous gentle pressure, a very thin

hyaline sac, filling gradually with fluid and small granular particles,

till it attains about one-third of the size of the animal, when it bursts

and disappears.

(40.) The name Noctihcca is indicative of the extraordinary faeulty

* Quarterly Journal of Microscopical Soienco, vol. v. p. 186.

t Micro.scopical Journal, vol. iii. p. 203.

I Rambles on flic Dovonshiro Coast, p. 2.'")7.

0
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that those littlo croaturos possess of omitting a brilliant phospho-
rescent light. When a vase fiUed with soa-wator containing thein is

placed in a dark chamber, the slightest agitation is sufficient to excite this
phenomenon, and the smallest undulations upon the surface are indicated
by luminous circles. On examining one of the animalcules attentively
with the microscope, it is further observable that the light given out is

not universaUy diffused through the substance of its body, but is con-
fined to minute luminous points scattered here and there, wMch make
their appearance in rapid succession and as suddenly vanish ; so that
evidently there is no special organ to which the luminous appearance
can be referred, as in the case of the glow-worm and other phospho-
rescent creatures. In size these stars of ocean are almost microscopic,
the largest of them not much exceeding the dimensions of a pin's head:
but the amazing numbers in which they crowd the billows amply makes
up for their minuteness

; at certain seasons, indeed, it may be literaUy
said that every drop of every wave contains one or more indi\dduaLs
belonging to the brilliant host. On taking up at random a flask of sea-
water, and allovidng the little creatures to accumulate, as they always
do when at rest, at the top, it wiU be seen that their bodies wiU form a
stratum equaUing in thickness from one-seventh to one-third part of the
entire contents of the vessel. After such demonstration as this, it is

easy to comprehend how the entire sea, rendered luminous by the pre-
sence of Noctiluca^, seems to burn with phosphorescent fire. When
the surface is tranquil in some well-sheltered bay, these living gems
form a kind of cream of liquid light ; or if a wave disperses their myriads
and at the same time calls forth by agitation aU their brightness, it is

easy to imagine how a flame is thus

evoked that spreads for miles, giving

at a distance the ai^pearance of a

uniform sheet of light, but when
closely examined resolvable, like

the nebula) in the firmament into

constituent stars.

(41.) AMosBiE*.—Very nearly al-

lied to the llhizopods in their organi-

zation are certain minute gelatinous

beings found in our fresh waters,

which have long been puzzles to tlic

microscopist, and a fruitful theme of

discussion among na,turalists (fig. 7).

Those creatures appear under a good
glass as minvitc patches of triinspa-

rent jelly, having, under ordinary circumstances, a diainctor of from

'sh'S ^'^ sio of f-ii inch, but remarkable for perpetually changing their

* dfioiPrj, change, ao callod from tlioir contiuiuil obungo of sliapo.

Fi". 7.

AmccbaiUlftxicn.t, Hliowinp the vapiiolos in il.9

sarcortic substance : a, b, r, d. sonic of t.lic

various shapes wliich it assumt^s.
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form—cat one time shrinking into the appearance of a little globe,

then expanding into a flattened radiating disk, and again shooting out

processes of their substance in various directions, so as to assume aU

sorts of shapes ^dth the greatest faciHty, deserving weU the names of

Proteus and Amceba bestowed upon them by zoologists.

(42.) When a drop of water containing these creatures is placed be-

neath the microscope, the observer at first discovers nothing but a few

semitransparent or cloudy-looking motionless globules, from which flows,

as from a drop of oU, a kind of semifluid stream, which, fixing itself upon

the object-glass, seems to draw the entire mass slowly after it. In this

way numerous expansions make their appearance from different parts

of the body, which after spreading to a little distance again shriiik

and become completely blended with the central portion. The young

Amcebffi are perfectly diaphanous, and vnth difficulty perceptible except

under favourable circumstances; but as they become older they lose this

transparency, in consequence of the accumulation of foreign particles in

their interior, which seem to have been introduced from without by the

simple pressure of the semifluid body of the animalcule as by the con-

tractions and expansions of its various portions it has crawled or, rather,

flowed over them.
Fig. 8.

Amceba princeps (Ehr.), magniltcd ^00 diameters. The figures 1, 2, 3 exhibit the same animal

and its protean changes of form.

There are, however, other corpuscles or granules, besides those above

indicated, found in the interior of these creatures. Some, extremely

minute and irregvdar in their shape, appear to difter only in density

from the surrounding glutinous substance ; and tliese are considered by

Dujardin to be rather products of secretion than ova. They move about,

appearing to flow in accordance with the variable expansions of the

creature which contidiis them. But, })C8idcs these, in largo specimens of

Amoebae otlier granules are met witli (fig. H, i, 2, a), whicli, on account

of the uuiforiuity of their appearance, might wUh more plausibility be

c2
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regarded as reproductive germs; but their nature is very doubtful. The
Amoebae are capable of multiplication by spontaneous fission, or by de-
taching a lobe from their bodies, which will continue to live upon its

own account just as well as when forming a part of the original animal-
cule. On cutting one of these creatures in two, or tearing it to pieces,
there is no escape of fluid perceptible ; but each portion contracts itself'

and commences a separate individuality.

(43.) In one species of Amceba (A. verrucosa, Elir.) Mr. Carter* has
witnessed ovular development, the Amoeba perishing as the ovules are
perfected, and ending in becoming a mere ovisac. When first formed,
the ovules, which are spherical, consist of a hyaline capsule enclosing a
sphere of glairy, refractive fluid ; but as they begin to increase, this

glairy matter becomes transformed into a granuhferous mucus which
is spread over the inner surface of the capsule; and finally the granules
present motion—whether of themselves or by the aid of the mucus iu
which they are imbedded is uncertain. The history of their further de-
velopment has not yet been made out ; but Mr. Carter thinks that the
next stage of their growth consists in the whole ovule becoming poly-
morphic.

(44.) Sponges.—However dissimilar apparently, both in form and

Pig. 9.

structure, from the simple organisms de

scribed above, it is in their immediate
vicinity that we must place the extensive

group of Sponges, which has until recently

held a very dubious position upon the con-

fines of the animal and vegetable kingdoms.

(45.) The common sponge of commerce
is, as every one knows, made up of horny,

elastic fibres of great delicacy, united with
each other in every possible direction, so

as to form innumerable canals which tra-

verse its substance (fig. 11, c). To this

structure the sponge owes its useful proper-

.ties, the resiliency of the fibres composing it

making them, after compression, return to

their former state, leaving the interstitial

canals open, to suck up surrounding fluids

by capUlary attraction.

(46.) The dried sponge, however, is only

the skeleton of the fabric. In its original

state before it was withdrawn from its

native clement, every filament of its sub-

stance was coated over with a thin film of

glairy, semifluid matter that constitutes the living part of the sjioiigc,

secreting, as it extends itself, the horny fibres which are imbedded in it.

* Ann. & Mag. Nat. Hist. 2nd sor. vol. xx. yi. '37.

Spongi' BrowiiiR upon n brniu-Ii of
Mndrcjion'.
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(47.) Many species, idthoiigh exhibiting the same porous structure,

have none of tho elasticity of the officinal sponge—a circumstauce

to bo attributed to the difference Fig. 10.

observable in tho composition of their

skeleton or ramified framework. In

such, the living^ investment forms

within its substance not only tena-

cious bauds of animal matter, but

great quantities of crystallized spicula,

sometimes of a calcareous, at others

of a siliceous natui-e, united together

by the tenacious fibres with which

they are surrounded. On destroy-

ing the softer portions of these ske-

letons either by the aid of a blow-

pipe or by the caustic acids or alka-

lies, the spicula remain, and may

readily be examined under a micro-

scope : they are then seen to have

determinate forms, generally in rela-

J.-L j_ 1 i- 1„ ^-P Sponge, shomng the manner in which
tion With the natural crystals Ot the

ti-iradiate spicules ch-cumscribc the

earth of which they consist ; and as emunctory apertures.

the shape of the spicula is found to be similar in aU sponges of the

same species, and not unfrequently

peculiar to each, these minute parti-

cles become of use in the identifica-

tion of these bodies.

(48.) Crystallized spicula of this

description form a feature in the

structure of the sponge which is com-

mon to that of many vegetables,

resembling the formations called ra-

phides by botanical writers. Some

of the principal varieties* are de-

picted in fig. 11, a,b, d, e, f, g, which

likewise will give the readers a gene-

ral idea of the appearance of the

siliceous and calcareous sponges after

the destruction of their soft parts

has been effected by the means above

indicated. The figures d, e, f, and (j

likewise represent detached spicula

of different shapes highly magnified.

The most convenient method of see-

* Savigny (Jule.s Ccear), Zoologic d'l£gyptc : gr. iii-i'ol. Vnvh, 180'J.

Fig. 11.

Spicuhi and Iiorny skeleton of variouB
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iug them is, simply to scrape off a few particles from the incinerat^-d
sponge upon a piece of glass, which, when placed under the microscope,
may be examined with ordinary powers.

(49.) On placing a Hving sponge of smaU size in a watch-glass or
small glass trough fiUed with sea-water, and watching it attentively,
something like vital action becomes apparent*. The entire surface
is seen to be perforated by innimierable pores and apertures—some ex-
ceedingly minute, opening on every part of its periphery ; othws of
larger dimensions, placed at intervals, and generaUy elevated upon
prominent portions of the sponge. Through the smaUer orifices the
surrounding water is continually sucked as it were into the interior of
the spongy mass, and it as constantly flows out in continuous streams
through the larger openings. A glance at figs. 13 & 14 (pp. 23, 24) will
give the reader an idea of the most usual direction of the streams. The
entering fluid rushes in at the countless pores distributed over the gene-
ral surface of the sponge, but in its progress through the canals in the
interior becomes directed into more capacious channels, communicating
with the prominent larger orifices, through which it is ultimately ejectedm equable and ceaseless currents. Organized particles, such as neces-
sarily abound in the water of the ocean, are thus introduced into the
sponge on aU sides, and are probably employed as nutriment, whilst
superfluous or effete matter is continually cast out with the issuing
streams as they

rush through the

fecal orifices. The
growth of the

sponge is thus pro-

vided for ; the

living gelatinous

portion continually

accumulates and,

as it spreads in

every direction,

secretes and depo-

sits, in the form

peculiar to its spe-

cies, the fibrous

material andearthy

spicula constitu-

ting the skeleton.

(50.) It is by no

means easy to ex-

plain the cause of

the perpetual flow

Pig. 12.

Horny slculcton of a Sijongo.

* Dr. aniiil, ill (lie New ICdinbiirgh L'lulosophical Jouninl, 1827.
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of water through the substance of the sponge m currents so powerful

and so constant. In the vai'ious species of QranUa, howeyor (fig. 13)

Mr Bowerbank and Dr. Dobie have succeeded in detectmg the presenc

of ciHa. These sponges have a very simple structure, each bemg a sort

of bag whose waSs are so thin that no system of canals is required,

the water absorbed by the outward surface passing
g. 1 3.

cHrectly towards the inner, and being expeUed from

the mouth of the bag. The ciHa may be plainly

seen with a i-inch objective on the cells of the

gelatinous substance scraped from the interior^ of

the bag, or they may be observed in situ by making

very tHn sections of the substance of the sponge.

Mr. Bowerbank*, moreover, has satisfactorily

proved that some sponges possess a power of

opening and closing the oscula at pleasure.
^

He

found that in a specimen of Spomjilla jluviatiUs

about half an inch in diameter, which had attached
^^„u,^sp„„ge(G™«-

itself to a watch-glass, there was at the summit
; 6, a portion of the

of a large oval inflation a single osculum, which

opened or closed according to the necessities of rection of the issuing cur-

the animal, and from which, when in full action,
_

a constant stream of water was .
poured forth. The inhalation of the

water by the porous system presented some remarkable peculiarities:

when in a state of repose, the gelatinous film appeared to be completely

imperforate ; but when about to commence vigorous inhalant action, a

sUght perforation appeared here and there over its smface, the orifices

gradually increased in size until the fuU diameter of the pores was

attained, and their margins then became thickened and rounded. On

a Httle indigo being difPased in the water, it was seen to be absorbed

with avidity ; and the inhalant action continued for a considerable

period, the interior of the sponge becoming strongly coloured with indigo.

After a time the rapid inhalant process ceased, either abruptly or

gradually ; a very lang-uid action only remained, and nearly the whole

of the pores were closed. When this change was about to take^ place,

the rounded margin of the orifice lost its form and became thin and

shari), while the circumference gradually melted inwards until the ori-

fice entirely closed and not a vestige of the previously existing aperture

remained : the operation of closing occupied rather less than a minute.

When once closed, these orifices do not appear to bo reopened ;
but fresh

pores are produced. The colouring-matter absorbed during the period

of active inhalation wtis apparent in the sponge from twelve to eighteen

hours ; and during this period the stream from the osculuvn was ex-

tremely languid. The structure and habits of the frcisliwuter 8])ongos

are entirely in accordance with tliose of marine species.

* Quarterly .Tmirnul of Microflcopiciil Science, vol. vi. p. 78.
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(51.) From this description of the structure of a sponge, it will be

apparent that all parts of the mass arc similarly organized : a necessary

consequence will bo, that each part is able to carry on, independently
,

of the rest, those functions needful for existence. If, therefore, a sponge

be mechanically divided into several pieces, every portion becomes a

distinct animal.
Fig. 14.

A piece of living Sponge {Spongia coalita) : the arrows indicate the course of the intrant and

issuing streams.

To have asserted that flints were merely Sponges petrified would

Fig. 15.

Thin section of a Flint, containing a variety of organisms. The smaller figure indicntoa the real

size of the fragment, which is represented as it appeura when much ningnifled.

have appeared, before the revelations of tlic microscope disclosed the
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real naturo of those very common stones, the height of rashness and

absurdity; and yet few facts in natural history are more undeniably

established. A thin section of flint

higldy magnified often reveals in its in-

terior a variety of organisms obviously

introduced while it was in a soft and

living state, such as Diatoms and the

shells of Desmidieoe, among which the

unchanged spicula of the original sponge

are often plainly distingiushable (fig. 15).

(52.) In Oliono celata, one of the

freshwater sponges, M. Dujardin* dis-

covered, mixed up amongst the pin-like

spicula that constitute their skeleton,

irregularly shaped globules composed

of a contractile glutinous substance,

which, when examined under the mi-

croscope, were seen continually to

change their shape, presenting a con-

stantly varying outline, exactly similar

to what is witnessed in the protean

animalcule. Amoeba diffluens, above

described; and to this contractile sub- ehowbig th. direction of tlie nutrient

stance, whereof the living substance currents,

ofthe sponge seems principally to consist, he proposed to give provision-

ally the name of Ealisarca (sponge-flesh f). Subsequent observations

have shown that these protciform particles are not only thus changeable

in their shape, but are able to exercise a distinct power of locomotioii

by agitating long flageUiform filaments that are derived from their

substance (fig. 17, i) ; in fact, the whole of the living portion of the

sponge seems to be made up of agglomerations of these amorphous
Ama3baD, spread over the spicula or skeleton of the sponge, aU indi-

vidually capable of changing their form by emitting processes in dif-

ferent directions, so as to increase their means of contact with the

surrounding fluid, from which they evidently derive materials for assi-

milation.

(53.) These sponge-cells, as they are called by Mr. Carter J, are about
the j-^Q-^ part of an inch in diameter. If one of them be selected for

observation, it wOl be found to be composed of a gelatinous cell-wall,

having a number of granules fixed to its upper and inner surface ; and
towards its centre one or more hyaline vesicles are generally per-

ceptible.

(54.) The granules above mentioned are round or ovoid, translucent,

* Aim. dcs Sc. Nut. toiri. x. 1838. t Lit. " sea-Uoeh."

X On the Froshwutor Sponges of Bombay, Ann. Nat. Iliat. 1849.
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and of an emerald- or yellowish-green colour, var}'ing in diameter

telow the fygroio part of an inch, which is the average linear measure-

Fig. 17.

1. Remarkable forms assumed by amcfibiform particles developed from the matter of the seed-

like bodies oi SpoiigiUa, magnified. 2. General shape of large spiculum. 3. Denticulated spiculum.

(After Mr. H. J. Carter.)

ment of the largest. In some cells they are so minute and colourless

as to appear only under the form of a nebular mass, while in others

they are of the largest kind, and few in number.

(55.) The hyaline vesicles, on the other hand, are transparent, colour-

less, and globular, and, although variable in point of size, like the green

granules, are seldom recognized before they much exceed the latter in

diameter. They generally possess the remarkable property of slowly

dilating and suddenly contracting themselves, and present, in their

interior, molecules of extreme minuteness in rapid commotion.

(56.) The sponge-cell when in situ is constantly changing its form,

both partially and whoUy ; its granules also are ever varying their posi-

tion, in unison with, or independently of, the movements of the cell; and

its pellucid vesicle or vesicles may be seen dilating or contracting them-

selves, or remaining passively distended, exhibitiug in their interior the

molecules above mentioned as being in rapid commotion, Wlien first

separated • from the common mass, an isolated cell for a short time

assumes a globular form, and afterwards, in addition to its becoming

polymorphic, evinces a power of locomotion; it emits expansions of

its cell-wall in the form of obtuse or globular projections or digital and

tentacular prolongations. If in progression it meets with another cell,

both combine ; and if more are in the immediate neighbourhood, they

all unite together into one globular mass. Should a spiculum cliance to

bo placed in the path of a cell thus in motion, it will ascend it and

traverse it from end to end, subsequently quitting it ; or else, assuming

its globular form, it will embrace some part of the si)iculum and re-

main stationarily attached to it. The changes in shape and position

of the spougo-cell arc for tlio most ])!irt effected so ini])orc(>ptil)ly that
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Fig. 18.

they may be Hkened to those which take place in a cloiid. Its granules,

however, arc more active, but there appears to bo no motion m any

part of the cell (excepting among the molecules withm the hyaline

vesicle) wHch in any way approaches to that characteristic of the pre-

sence of cilia.
n -u

(57.) The intercellular substance that forms the bond of union be-

tween the sponge-ceUs has a mucHaginous appearance. When observed

in the dehcate peUicle which, with its imbedded cells, it forms over

the surface and throughout the canals of the sponge, it is transparent;

but when a portion of this peUicle is cut off from its attachments, it

coUapses and becomes semi-opake. In this state the detached portion

immediately evinces a tendency to assume a spheroidal form ;
but whether

the interceUular substance participates in this act or remains passive

and the contraction is wholly performed by the habit of the ceUs im-

bedded in it to approximate themselves, is not evident.

(58). The freshwater sponges are

reproduced from seed-like bodies found

in the substance of the oldest or first-

formed portions of the sponge, never in

its periphery. They are round or ovoid

according to the species, and each pre-

sents a single infundibular depression

on its surface which communicates

with the interior. At the earliest pe-

liod of development at which the re-

productive germs are recognizable, they

are composed of a number of cells

united together by an interceUular sub-

stance similar to that described above.

In this state, apparently without any

capsule, and about half the size of the

ftdly developed seed-like body, they

seem to lie free in cavities formed by a condensation of the common

structure of the sponge immediately surrounding them. The cells of

which they are now composed appear to differ from those of the fully

developed sponge-cell only in being smaller, in the colourless state of

their contained granules, and in the absence of hyaline vesicles. The

seed-like body gradually passes from the state just mentioned into a

more circumscribed form, then becomes surrounded by a soft, white,

compressible capsule, which finally thickens, turns yellow, developes

upon its exterior a firm crust of siliceous spicula, and presents in some

species an hcxagonally tessellated appearance (fig. 18, c). The spicula

arc arranged pcrpendiculai-ly to the surfaco of the capsule, and the

interval between them ia filled up with a white, siliceous, amorphous

Magnified section of a seed-like body of

Spongilla Meyeni, showing, /, spicular

crust ; g, coriaceous capsule ; h, internal

cells ;
i, infundibular opening, c, portion

of coriaceous membrane, magnified, to

show the hexagonal divisions wntli trans-

parent centres ; d, small spiculiun, mag-

nified; e, one of its toothed disks with

central aperture, magnified. (After Mr.

H. J. Carter.)
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matter which keeps tlicm in position. Each spiculum extends a little
beyond this matter, and supports on its free end a toothed disk similar
to a corresponding one on its fixed end, which rests on the capsule; so
that the external surface of the seed-like body is studded with little
steUate plates (fig. 18, d, e). In other species, where there appears to
bo no such regular arrangement of these spicula, a number of smooth
spiuiferous points are presented.

(59.) If a seed-like body which has arrived at maturity be placed in
water, a white substance will after a few days be observed to have
issued from its interior, through the infundibular depression on its sur-
face (fig. 18, i), and to have glued it to the glass : if this be examined
with the microscope, its circumference will be found to consist of a
semitransparent material, the edge of which is notched or extended
into digital or tentacular prolongations, precisely similar to those of the
protean ceU, which in progression or in polymorphism throws out parts
of its substance in the same way. In the semitransparent substance
may be observed hyaline vesicles of diiferent sizes, contracting and
dHating, as well as green granules, so grouped together as almost to
enable the practised eye to distinguish in situ the passing forms of the
ceUs to which they belong. Subsequently to the development of this
fleshy substance comes that of the horny skeleton and its spicula
(fig. 17, 2), which are at first membranous, and at an early period of
their development pKable

; they afterwards become firm and brittle.

They are hollow, and the form of their cavity corresponds with their
own shape ; sometimes, moreover, they contain a green matter like the
endochrorae of the cells of Confervas*.

(60.) In the genus Tethya, Professor Huxley has described a true
sexual generation,—a portion of the spongy mass being found to consist
of a granular substance in which ova and stellate crystalline bodies arc
imbedded. " The ova. are of various sizes

; they have a very distinct

viteUary membrane, which contains an opake, coarsely granular yelk.

A clear circular space, about -^-^-^ of an inch in diameter, marking
the position of the germinal vesicle, is seen in each ovum ; and within
this a vesicular germinal spot of an inch in diameter is some-
times visible. The steUate bodies are about -g-JL-^ of an inch in dia-

meter. The granular uniting substance is composed entirely of small
circular cells about ^^-^ of an inch in diameter, and of spermatozoa in

every stage of development from those cells. The cell throws out a long
filament which becomes the tail of the spermatozoon, and, becoming

* Besides the seed-like bodies above described, other reproductive bodies arc met
with in Sj)ongiUa:—l, some which, iroiu tlieir resemblance to the niotilo .spores or
zoospores of many plants, have also been termed swarm ing-spores {Schwdrm-
sporeti)

;
and, 2, otliors whicli, Croin their rcsoniblance to the spermatic filamonts

olHowhero mot with, are dcnominuLed zoosperms.
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longer and more pointed, itself forms the head. It is remarkable that

the ova are in no way separated from the spermatozoa, but lie imbedded

in the spermatic mass like eggs packed in sand " *.

* The Spermatozoa, until recently considerod animalcules, generally present

themselves under the form of long slender filaments or corpuscles, the shape of which

varies to a remai'kable extent, and nevertheless is so constant in individuals belonging

to the same species that it is frequently

possible to identify by tlieir form the J^g- 19-

particidar creature to which each mo-
dification is peculiar. Generally speak-

ing, among the higher animals tlie

Spermatozoa are found to consist of

an extremely attenuated linear body,

either filiform throughout or swollen

and enlarged at one end, so as to pre-

sent sometliing like the a^jpearanco of a

microscopic tadpole (fig. 19, 1). They
are exceedingly minute, seldom exceed-

ing a line in length, but much more
generally of far smaller dimensions, so

that tlie highest powers of the micro-

scope are requisite for their examina-

tion. These microscopic atoms may
be regarded not merely as abounding ^, . „
• .1 „ • t ,. e ^^ ^

Inis ilgure represents the several stages of evo-m the seminal secretion of all animals, j^tion of the Spermatozoa in the common creeper
but in fact as constituting that im- {CertUa familiaris), magnifled about a thousand

portant agent,—tlie presence of a fluid
diametprs: an adult Spermatozoon, taken from

„ T • • • , the orilloc of the vas deferens : a, b. c, seminalor liquor semmis appearmg, when re- g,,„^,3, ^y,,,^ rLo^Zn
gardedm a physiological pointof view, altered epithelial cells

; d, e,f, cysts or vesicles en-

merely the vehicle in which the active «=l°3i"e one or more round granular globules
; g, a.

Spermatozoa are suspended. f^^"''
containing, besides the two globules, a

^ ^ finely-granular mass in which the Spermatozoa
Until very recently these minute maybe seen to form; A, the cyst, still containing

bodies were regarded as individual fl"ely-granular matter, has assumed an oval foi-m,

animated creatures
;
and many authors lvi^!!?h n^^'^^w '° r™''^''^f ' I",?'''''''-'''' J "° in size, lies bent up withm it; I, a cyst still more

have lancied that several forms of developed ; the involuerum, pear-shaped, covers the
them at least presented a somewliat ^^^n'^e of animalcules whore their spiral extremities

complicated organization, sucli as an t::^^^.^;^}^ "^^^^'^^

intestine, gastric sacculi, and even gene-

rative organs'. More recent researches, however, have satisfactorily proved that
tliey are in all cases composed of a uniform homogeneous substance of a yellowish
colour, in wliich no traces of complexity of structure are discernible. Nevertheless
their movements arc in most cases exceedingly viracious; and were it not for the
now well-ascertained fact that many otlior constituent elementary tissues, botli
animal and vegetable, cxliibit equal activity even long after their separation from
the organisms to which they belong, wo might still bo tempted to assign to them
a much higher position in the scale of vitality than that to which tlioy are really
entitled. The motions of the Spermatozoids are evidently only comparable
to the automatic movements of cilia, and the relationship which they hear to
ciliated epithelium-cells is rendered abundantly manifest by the revelations of

' Vide Louwcnhoeck, vol. iv. pp. 208, 284
; Ehrenberg, Tnfusionstliierchon, p. 405 •

Valentin. Nov. Act. Acad. Leopold, vol. xix. ji. 239.
'
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(61.) The multiplication of marine sponges, however, is efFccted in
another manner*. At certain seasons of the year, if a living sponge
IS cut to pieces, the channels in its interior are found to have their
walls studded with yellowish gelatinous granules, developed in the pa-
renchymatous tissue

; these granules are the germs or gemmules from
which a future race will spring

; they seem to be formed indifeerently
in aU parts of the mass, sprouting, as it were, from the albuminou.s
crust that coats the skeleton, without the appearance of any organs
speciaUy appropriated to their development. As they increase in size,
they are found to project more and more into the canals ramifying
through the spoiige, and to be provided with an apparatus of loeomo-

Fig. 20,

itsSf"? Th""
Semmules of a sponge. 1. Free gemmule. 3. The same beginning to atta<;h

stance.
spreading and commencing the deposition of spicules in its gelatinous sub-

tion of a description such as we shall frequently have occasion to men-
tion. The gemmule assumes an ovoid form (fig. 20, i), and a large
portion of its surface becomes covered with innumerable vibrating hairs,

the microscope to modern observers \ From these researches it would appear
that the origin of the Spermatozoa is invariably to be traced to nucleated cells in
the Ulterior of which they are individually developed. These developing-cells' or
vesicles as- they are termed, are found at certain seasons crowding the seminiferous
tubes of the testes in immense numbers. Taken from the body after death they are
seen to be perfectly transparent and filled with a fluid which on coagulating becomes
somewhat granular. Most of these developing-cells (fig. 19, a, b, c) are found freely
floating in the minute seminal canals, but frequently they are enclosed in another
cell-like envelope, either singly {d) or in numbers of tliree, four, six, or seven ineach

;
the existence, however, of a more considerable number (e, /) in one common

cyst IS unusual. Whether single or more numerous, however, it is in the developing-
ceUs that the Spermatozoa are formed by a kind of endogenous growth, at first
appearing like dim shadows lying amongst the contained granules, but gradually
assuming a sharper outline as the body and, subsequently, the tail are perfected
llie entire Spermatozoon at length becomes visible coiled up in the interior of tho
cell, which, when the development is completed, bursts and discharges its contents

* Professor Grant.

Ude :_Von Siebold, in Miiller's Archiv, 1836 and 1837 : R. Wagner, Pragmcntc
zur 1 hysiolog.o dcr Zougung, & Boitrage zur Geschichto der Zcug.mg und Entwickc-
u.ng, m the Abl.andlung. der konigl. bayori.sch. Akad., Municli, 1832: Xollikor
JUeilrago zur Ivonntniss dor Qescliloctsvcrhilltnisse und Samonlliissigkoit wirbollo.scr
Ihicro, Borlm, 1841

;
Die Bildung dor San.onfildon in Bliischcn, Nuremberg, 1S4G.
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or cilia, as they are denominated ; these are of inconceivable minute-

ness, yet individually caijable of exercising rapid movements, vs-hereby

they produce currents in the surrounding fluid. As soon, therefore, as

a gemmule is sufficiently mature, it becomes detached from the nidus

where it was formed, and, being whirled along by the issuing streams,

is expeUed through the fecal orifices of the parent, and escapes into the

water around. Instead, however, of falUng to the bottom, as so ap-

parently helpless a particle of jeUy might be expected to do, the cease-

less \dbration of the cilia upon its surface propels it rapidly along, until,

being removed to a considerable distance from its original, it attaches

itself to a proper object, and, losing the now useless locomotive cilia,

it becomes fixed and motionless, and developes within its substance the

skeleton peculiar to its species, exhibiting by degrees the form of the

individual fi'om which it sprung (fig. 20, 2). It is cuiious to observe the

remarkable exception which sponges exhibit to the usual phenomena

witnessed in the reproduction of the higher animals, the object of which

is evident, as the result is admirable. The parent sponge, deprived

of all power of movement, would obviously be incapable of dispersing

to a distance the numerous progeny that it furnishes ; without some

special provision they must inevitably have accumulated in the imme-

diate vicinity of their place of birth, without the possibility of their

distribution to other localities. The seeds of vegetables, sometimes

winged and plumed for the purpose, are blown about by the winds, or

transported by various agencies to distant places ; but in the present

instance, the still waters in which sponges grow would not have served

to transport their progeny elsewhere, and germs so soft and delicate

could hardly be removed by other creatures. Instead, therefore, of

being helpless at their birth, the young sponges can, by means of their

cilia, row themselves about at pleasure, and enjoy for a period powers

of locomotion denied to their adult state.

(62.) Very widely distributed through the ocean, whether in tropical

or extratropieal climates, pecuKar gelatinous bodies may be found float-

ing upon the surface of the water ; indeed they are occasionally among

the most constant of all the various products of the towing-net. The

Thalassicolla* (for so these simple organisms are designated by Professor

Huxleyt) is found in transparent, colourless, gelatinous masses of very

various forms—ellipticaUy elongated, hourglass-shaped, contracted in

several places, or spherical—varying in size from an inch in length down-

wards, a;howing no evidence of contractility nor any power of locomo-

tion, but floating passively on the surface of the water. Of such bodies

tbere appear to be two very distinct kinds. In one, the mass consists of

a thick gelatinous crust containing a large cavity. The crust is struc-

tureless ; but towards its inner surface minute spherical, spheroidal, or

* OuXuffCd, the sea
;
koXKu, gliio.

t Vide Ann. and Mug. of Nat. llwl. sor 2. vol. viii. p. 433.
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oval bodies are imbedded (fig. 21, 2), each of which appears to be a cell
with a thm but dense membrane, and containing a clear fatty-looking
nucleus surrounded bygranules,—the whole sub8tance,in faet,resembHng
an animal Palmella. Very commonly the central part of each mass'',
instead of containing a single large cavity, consists of an aggregation of
clear, closely appressed spaces resembling vacuoles (fig. 21, 3) ; and fre-
quently each cell is surrounded by a zone of pccuHar crystals, somewhat
like the steUate spicula of a sponge, consisting of short cyHnders, from
each end of which three or four conical spines radiate, each of these
again bearing small lateral processes (fig. 21, 4 & 5). Frequently the
connecting substance in which the cells are imbedded appears to be
quite structureless

; but in some specimens dehcate, branching, minutely
granular fibrHs may be seen radiating from each ceU into the connecting
substance (fig. 21, 4).

Fig. 21.

Structure of Thalassicolla (after Professor Huxley).

In the second form of Thalassicolla, the creature consists of a sphe-
rical mass of jeUy, as largo as the middle-sized specimens of the last
variety, with an irregular blackish central mass. Enveloping tliis, and
forming a zone about half the diameter of the sphere, are seen nume-
rous clear spaces (vacuoles), and among those are scattered numerous
yellow cells and a multitude of very dark granules. Delicate, fiattencd.
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branching fibrils radiate from the innermost layer, passing between the

vacuoles ; and in one specimen Professor Huxley observed these fibrils

thickly beset with minute dark molecules which were in active motion,

as if circulating along the fibrils, but without any definite direction.

CHAPTER III.

INFUSOEIA*.

(63.) If we examine a drop of water taken from any pond or ditch

in which vegetable or animal substances have been permitted to undergo

incipient decay, with a microscope

even of very limited power, we must

soon perceive that it swarms with

innumerable organisms, which are

evidently endowed with life and ex-

hibit considerable activity. From

the circumstance of their extreme

minuteness, these microscopic beings

were designated by their first dis-

coverers " Animalcules,'^ to which

appellation, from the fact of their

generally making their appearance

in vegetable infusions, the term

" Infusorial'^ was very generally

superadded by their earlier investi-

gators. Progressive improvements in the structure of the microscope,

however, soon made it apparent that the so-called Infusorial or Micro-

scopic Animalcules embraced a vast variety of difiTerent forms of living

beings possessed of little in common except their invisibility to ordinary

. observation : the larvae and even the adult states of innumerable Insects,

Crustaceans, "Worms, and Zoophytes were all comprehended under a

term so general ; and even microscopic Algae, Desmidieae, and Diato-

* Vide:—Miiller, 1786 : Ehrenberg, Infusionsthierchen, 1837: Dujardin, Hist. Nat.

des Zoophytes : Pineau, Ann. Sc. Nat. 3* s6r. tomes iii. v. ix. : Stein, Wiegm. Arcbiv,

1849 ; id. Sieb. und K61. Z. iii. : id. Die Infusionsthierchen, Leipzig, 1854 : Peltier,

rin.stitut, 1836 : Focke, Isis, 1836, and Physiolog. Studien : Kutorga, Naturgesch.

d. Infusionsthierchen : Meyen, Miilier's Archiv, 1839 : Pritchard, Infus, Anim.

:

E. Jones, Ann.Nat. Hist. 1839 : Werneck, Ber. d. Akad. Berl. 1841: Erdl, MiUl.Archiv,

1841 : Griffith, Ann. Nat. Hist. 3843, xii. : Siebold, Lehrbuch vergl. Anat. : Cohn,

Sieb. und Kol. Z. iii. 260: Kolliker, Siob. und Kol. Z. i. 198: Claparede, Wiegm.
Arch. Dec, 1854, translated in Ann. Nat. Hist. 2 ser. xv. 211 : Schneider, ibid. p. 191,

translated ibid. xiv. p. 322 : Carter, Notes on the Infusoria of Bombay, Ann. Nat.

Hist, for 1856 and 1857: A memoir by Dr. N. Licborkiilm in Miilier's Archiv for

18.%, tran.slated in Ann. Nat. Hist, for Oct. 1856.

D

Fig. 22.

Vegetable Organiama.
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macea), now universally acknowledged to be members of the vegetable

domain of Nature, were included in this chaotic assemblage—organisms

widely dissimilar to each other both in their shape and structure.

It would be foreign to our present purpose to analyze the succes-

sive steps whereby something like order has at length been established

in a scene of such apparently inextricable confusion, and how pari

passu with the improvement of the microscope has been the rapid

advancement of knowledge in connexion with these until so late a

period unknown existences ; suffice it to say that, in accordance with

the more refined characteristics now adopted in zoological classifi-

cation, Crustaceans and Insects, as well as the larvae of Annelidans,

Zoophytes, and Echinoderms, have been successively withdrawn from

Fig. 23,

Vegetable Organisms.

the group and located in their appropriate stations, while innumerable

zoospores and embryonic plants, together with the Desmidiacea3 (fig.

24) and the Diatomaceee (fig. 25) generally, are by common consent

conceded to the botanical series of Creation *. Still, as it would appear,

* It is by no means an easy task to indicate the boundary-line which separatos

the animal from the yegetable kingdom. The most important difference, that the

Ycgct^vble cell-membrane contains no azote, while the animal cell-membrane docs,

cannot be applied in doubtful cases, the tenuity of the membrane not allowing of the

investigation. That animals possess the power of locomotion, but plants not, is

incorrect as applied generally, and is still less applicable hero, Iwause many uni-

cellular Alg.T exhibit motion, fi'cquently very energetic motion (when swarming),
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the zoologist is reluctant to dissever forms of Hfe which habit has ac-

customed the microscopical observer to associate with each other
;
aud

Fig. 24.

DesmidiaceSB.

even M. Dujardin, one of the latest and most unprejudiced writers

upon the history of these living atoms, includes under the term Infu-

whilst the ova of multicellular Alga; are quiescent. The unicellular Algai dilTer

from the Infusoria m this, that their memhrane and its appendages are not motile,

and that consequently they have a rigid form, whilst the latter in some instances

change their figure, and in others are furnished with motile cilia. The presence of

starch, too, is not invariably decisive as to the vegetable nature of a cell. The

ova of multicellular animals, the figure of which is rigid and unchangeable, may

be recognized as not belonging to the unicellular Algte from their want of colour-

ing-matter, which is present in the latter.

We can scarcely expect Chemistry to decide what is animal and wliat plant. The

non-nitrogenous cellulose, which at first sight appears to be an exclusive attribute

of the vegetable, is also found pretty generally in the animal kingdom, as we learn

from the researches of Or. Schmidt on Cynthia mammillaris, and those of Kolliker and

Lowig on a great number of the most various forms of the lower animals. Just as

little does chlorophyll appear to be exclusively characteristic of the vegetable world,

since the green granules and vesicles which occur imbedded in the parenchyma of

Hydra viridis, of various TurbellaricB {Hypostomum viride and Tryphoplana viridata,

Schm.), and of Infusoria (Stentor polyvwrphus, Bursaria vernalis, Loxodes bursaria,

&c.), are probably closely allied to chlorophyll, if not identical with it. Erythro-

phyll also might be said to occur in the lower animals (for instance in Leucophrys

mnguinea and Astasia hmmatode»), in which latter the red colour frequently passes

into green, as does the erythrophyll of unicellular Algcc'.

' The colouring-matter of plants is distinguished by botanists into Chlorophyll,

Erythrophyll, Phycochrom, and Biatomin. The Chlorophyll is of n grass- or yellow-

1) 2
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soria, animalcules essentially remote both in their general characters

and intimate organization.

Fig. 2rx

Diatomacete.

(64.) The Infusoria, as characterized by M. Dujardin, are creatures

which, when examined under the microscope, appear to be composed of

a homogeneous, glutinous, diaphanous substance, and are either naked

or partially enveloped in a more or less resisting integument. Their

usual shape is rounded or ovoid. Some (and these are the forms

most commonly met with, which at once arrest the eye of the micro-

grapher) are provided with vibratile cilia, which, either used occasion-

ally or continually in motion, serve the purpose of innumerable oars

for the movements of the animalcule, or in some cases merely act as

agents in supplying provisions to the little creature's mouth ; others

(fig. .23) instead of vibratile cilia are furnished with only one or two

or sometimes several extremely slender filaments, which they agitate

with an undulatory movement, and are thus enabled to advance through

green colour, little or not at all aflPected by diluted acids and alkalies, and frequently

turns brown upon the death of the plant. The Eri/ikrophf/U presents a red or pur-

ple colour, not changed by diluted acids, but becoming green on the addition of alka-

lies, and also most iisually after death. The Phycochrom is verdigris-green or orange,

changed into orange by the action of diluted acid, and into a brown-yellow by that

of alkalies. The JDiatomin is brownish yellow, not altered by diluted alkalies, but

changed into verdigris-green by diluted hydrochloric acid, and usually after death.

Vide Niigeli, Gattungen einzelliger Alga;, physiologisch und systematiseli boarbeitet

:

Zurich, 1849.
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the fluid wherein they swim ;
whilst others, provided with neitl:

ciHa nor flageUiform filaments, move about by simple contractions a

extensions of the general substance of their bodies.

Fig. 26.

Eiiplofes Charon (Ehr.). 1. Animalcule seen from below, exhibiting the locomotive appai-ntus

composed of w/icini, sfyli, and setw : v. the anal aperture. 2. Dorsal aspect of the same, covered

>vith a delicate shell. 3. A similar view showing the ciliary currents, the position of the mouth o,

the nucleus t, and the contractile vesicle s. 4. Side view, representing the animalcule creeping

upon the surface of a fragment. 5. Two animalcides conjoined by their mouths; in one, the

ventral, in the other the dorsal aspect is uppermost. 6. A specimen exhibiting the process of

reproduction by transverse flssure. 7. Destruction of the animalcule by diiiiuence of the soft

parts.

(65.) The forms last mentioned, as the reader will at once perceive,

naturally arrange themselves among the Rhizopoda, described in the

last chapter. Those provided with flagelliform filaments which they

employ as instruments of locomotion, such as the Monadina, Grypto-

monadina, Pandorina, Chlamidomonas, and Volvox of Ehrenberg (fig.

23), are now unhesitatingly admitted to belong to the vegetable

kingdom ; so that the ciliated forms alone are left to the zoologist, and

offer themselves for our study upon the present occasion.

(66.) The movements of the ciliated Infusoeia, when seen under

the microscope, are frequently exceedingly vivacious ; they swim about

with greait activity, avoiding each other as they pass in their rapid

dance, and evidently directing their evolutions with wonderful preci-

sion and accuracy. Our first inquiry therefore must be concerning the

organs of locomotion which they possess. These are of various kinds,

and are arranged differently in different species. Some are provided

with styU, or articulated, stiff, bristlc-like organs (fig. 26) which per-

form in some measure the office of feet, and with imcini, or little hooks
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Fig. 27.

which arc moyeablo and servo for attachment to foreign bodies ; these

are seen in Euplotes Charon (fig. 26, i).

(67.) But the most important locomotive agents are the cilia*, with

which these Infusoria are invariably furnished. On attentive examina-

tion, their body will be found to be entirely covered with minute vibrating

hairs, or at least furnished with such appendages on some part of its

surface (fig. 26, i, 2, s). The existence of these cilia is readily detected

by a practised eye, even when using glasses of no very great magnify-

ing power, by the peculiar tremulous movement which they excite in

the surrounding fluid, somewhat resembling the oscillations of the

atmosphere in the neighbourhood of a heated surface ; but on applying

higher magnifiers, especially if the animalcule is

in a languid state, the motion is seen to be pro-

duced by the action of the delicate filaments of

which we are speaking. Although extremely

difficult accurately to define the motion of the

individual cilia, it is obvious that the combina-

tion of their movements gives rise to currents

in the water, serving a variety of purposes in

the economy of these minute beings.

(68.) The cilia, as has been already observed,

are sometimes dispersed over the whole body,

either arranged in parallel rows or scattered

irregularly
;
they are, however, most frequently

only met with in the neighbourhood of the

inouth, in which position they are always most

evident : here they produce, by their vibration,

currents in the surrounding fluid, which con-

verge to the oral aperture, and bring to the

mouth smaller animalcules, or particles of vege-

table matter, such as may be floating in the

neighbourhood, thus ensuring an abundant sup-

ply of food, which, without such assistance, it

would be almost impossible for these little creatures to obtain.

(69.) With the locomotive organs of these minute beings must like-

wise be classed the delicate and highly irritable stems of the Vorticdlce

(fig. 28, 2), which on the slightest touch shrink into spiral folds, and

again straighten themselves to their full extent. The agent by which

this contraction is effected is a delicate spiral thread contained in the

interior of the flexible stem, regarded by Ehrenberg as a muscular

filament ; its muscular nature, however, is doubted by Dujardin, who

regards this as being one of the most inscrutable points connected with

their economy. That a central canal exists in the retractile stem is

generally admitted, and likewise that it contains a flesliy substance loss

* C'ilium, an oyelasli.

Stentor.
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trat^sparent than tlie rest of the tube ;
but, according to M. Dujardin's

observations, it is tlio diaphanous substance around this central cord

that contracts, and as it forms a band one border of which is much

thicker than the other, the more powerful action of the thicker portion

gives that helical curvature to the stem which forms so remarkable a

feature in its movements.

(70.) When certain species of Infusoria (e. g. Bursaria leucas) are ex-

amined under a sufficiently high power, minute fusiform corpuscles may

be detected thickly imbedded in the integument. These bodies are per-

fectly colourless and transparent ;
they are about of an inch

long, and may easHy, even without any manipulation, be witnessed at

the margin, where they are seen to be arranged perpendicular to the

outline of the animalcule, while on the surface tui-ned towards the

observer their extreme transparency and want of colour render them

invisible against the opake background, and it becomes necessary to

crush the animalcule beneath the covering-glass, so as to press out the

green globules which it contains, in order to bring the fusiform bodies

into view. To these bodies it has been proposed to give the name of

trichocysts.
,

As long as the animalcule continues free from annoyance, the tricho-

cysts undergo no change ; but when subjected to external irritation, as

occurs during the drying away of the surrounding water, or the appli-

cation of acetic acid or other chemical irritant, or the too forcible action

of the compressor, they become suddenly transformed into long^ fila-

ments, which are projected from all parts of the surface of the animal-

cule ; these filamects have been mistaken for cilia by Cohn and Stem.

The rapidity with which their evolution is effected, joined with the

great minuteness and transparency of the object, renders it extremely

difficult to follow it.

(71.) It is not difficult, by rapidly crushing the animalcule, to force

out some of these organs in an unchanged state. If the eye be now

fixed on one of the isolated trichocysts, it will most probably be seen,

after the lapse of a few seconds, to become aU at once changed (with

a peculiar jerk, as if by a sudden release from some previous state of

tension) into a little spherical body. In this condition it will probably

remain for two or three seconds longer ; and then a spiral filament will

become rapidly evolved from the sphere, apparently by the rupture of a

membrane that had previously confined it, the filament unrolling itself

so quickly that the eye can scarcely foUow it, until it ultimately lies

straight and rigid on the field of the microscope, looking like a very fine

and long acicular crystal.

(72.) This remarkable filament, when completely evolved, consists

of two portions—a rigid spiculum-like portion, acutely pointed iit one

end, and continuous at the opposite end with the second portion, which

is in the form of an excessively fine filiform appendage, loss than



40 INFUSORIA.

half the length of the spiculum. This second portion is generally seen
to be bent at an angle on the first, and is frequently more or less curved
at the free end. The form of the evolved trichocysts is best observed
in such as have floated away towards the margin of the drop of water
and are there left dry by the evaporated fluid. In many of them the
filiform appendage is not visible ; and they then merely present the
ajipearance of a simple, long, fusiform spiculum.

(73.) Few subjects have afforded a more fertile field for discussion
than the internal organization of these almost invisible creatures ; and
even at the present moment many points of their economy are by no
means satisfactorily elucidated. The remoteness of their structure from
that of the higher animals, and a natural mistrast felt by the earlier

observers in the capabilities of the instruments placed at their disposal,

gave rise at first to doubts and hesitation, which no longer exist.

The digestive apparatus of the Infusoria was originally described

by Ehrenberg as consisting of a number of internal sacculi, varying
in difi'erent species from four to two hundred in number. These
sacs were stated by that indefatigable microscopist to be readily distin-

guishable without any preparation, but capable of being rendered

more conspicuous by feeding the animalcules with pure carmine or

indigo, the coloured particles of which substances they eagerly swallow.

In one large division, called Anenxera, the sacculi or stomachs were said

to arise by separate tubular pedicles from the mouth itself (fig. 28, i)

;

whilst in others (ENTEaoDELA) there was supposed to be a complete

intestinal canal, terminated by a mouth and anus, to which the sacculi

or stomachs, as theywere called, were appended : sometimes the intestinal

canal is stated by the same authority to form a circle in the body

(Anopisthia, Ehrenb.), as in the Vorticella (fig. 28, 2) ; or else the mouth
and anus are placed at opposite extremities of the body, through which

the intestinal tube passes either in a straight course, or exhibiting

several flexuous curves in its passage (Eji^antiotbeta and Alloteexa,

Ehren.) (fig. 28, 3 and i). "When neither the mouth nor anus is ter-

minal, such animalcules belong to the group denominated Katotketa

by the same author.

(74.) However imposing, from their completeness, the views of

Ehrenberg concerning the digestive system of the polygastria may be,

and sanctioned as tbey have been by almost general consent, we cannot

pass over a subject of so much importance without expressing ourselves

as being far from admitting their accuracy, and we must say that our

own observations upon the structure of the polygastria have led us to

very different conclusions*.

* Perhaps some of our readers may think the above strictures upon the opinions

of Professor Ehrenberg, wliich appeared in the iirst edition of this work, and have

been wriiten upwards of tliirtj years, have now become rather antiquated. It is,

however, the wish of the nullior to combine some account of tlie progressive advaoico-
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(75.) The positions of tlio mouth and anal aperture wo arc well

assiu-ed, by freqiient examination,

to be such as are indicated by the

illustrious Professor of Berlin ; but

with regard to the tube named by

him intestine*, and the stomachs

appended thereto, our most patient

and long- continued efforts have

failed to detect the arrangement

depicted in his drawings. In the

first place, as regards the function

of the sacculi, which he looks upon

as the organs in which digestion is

accomplished : in carnivorous ani-

malcules, which devour other spe-

cies, we might expect, were these

the stomachs, that the prey would

at once be conveyed into one or

other of these cavities
;
yet, setting

aside the difficulty which must

manifestly occur in lodging large

animalcules in these microscopic

sacs, and having recourse to the result of actual experience, we have

never in a single instance seen an animalcule, when swallowed, placed

in such a position, but have repeatedly traced the prey into what
seemed a cavity excavated in the general parenchyma of the body. •

(76.) In the second place, the sacculi have no appearance of being

pedunculated and consequently in a certain degree fixed in definite

positions : we have just been for two hours carefully examining some
beautiful specimens of Paramecium aurelia (fig. 28, 4), an animalcule

which, from its size, is peculiarly adapted to the investigation of these

vesicles ; and so far from their having any appearance of connexion with
a central canal, as represented in the figure copied from Ehrenberg, they
are in continual circiilation, moving slowly upwards along one side of

raent of our knowledge relative to interesting or disputed points of microscopical
research with an exposition of the views generally adopted by physiologists of the
present day ; and as the above were the first arguments advanced against the then
universally received opinions of the distinguished author of the ' Infusionsthierchen,'

it has been deemed expedient to retain them in their original words. It may bo
proper to state that the microscope used in these and similar researches to which
allusion will be made, is a compound achromatic, made by Ross of London ; and
the powers employed, of ^, |, and ^ of an inch focus.

* Since the above was written, Professor Ehrenberg has been kind enough per-
sonally to exhibit to the author his preparations of the central tube in several species
of animalcules. The author's views, however, relative to the nature of tlio so-called
stomachs remain unchanged.

Kg. 28.

2

Polygastric atruoturo of the Infusoria ac-

cording to Professor Ehrenberg.
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tho body, and in the opposite direction down the other, continually

changing their positions relative to each other.

(77.) With respect to the central canal (fig. 28, a, a, 4), we have not

in any instance been able to detect it, or even any portion of the tube

seen in the figures, much less the branches represented as leading from

it to the vesicles or stomachs, as they are called. Even the circum-

stances attending the prehension of food would lead us to imagine a

different structure
;

vritness, for example, the changes of form which

Encfielys pupa undergoes when taking prey, as shown in Ehrenberg's

figure, where it is represented in the act of devouring a largo animalcule,

almost equal to itself in bulk, and is seen to assume a perfectly different

shape as it dilates its mouth to receive the victim, with which its whole

body becomes gradually distended. Such a capability of taking in and

digesting a prey so disproportionate would in itself go far to prove that

the minute sacculi were not stomachs, as it evidently cannot be in one

of these that digestion is accomplished.

(78.) Since the above was written, the views of Professor Ehrenberg

relative to the organization of the nutritive apparatus of the so-called Po-

lygastric Infusoria have been combated by many zealous observers both

in this country and upon the Continent, and appear now to be univer-

sally abandoned. Mons. E. Dujardin* attributes the foi-mation of the

internal cells observable in the interior of these animalcules to the pro-

perties of a peculiar glutinous animal substance resembling living jelly,

of which he supposes the lower organisms to be principally composed,

and which he calls sarcode. This substance, according to the views of

M. Dujardin, spontaneously produces in the interior of its mass vacuoles,

or little spherical cavities, into which the surrounding water finds

access, and conveys along with it the coloured particles, but having no

regularity of arrangement.

(79.) According to the views of M. Dujardin, the phenomena attend-

ing the passage of aliment into the bodies of the so-called Polygastric

Infusoria may be described as follows—as they occur in Anvphilcptus.

In the interior of the body there are generally perceptible five or six

vacuoles or cavities, distended with water, in which are contained

monads and other.substanccs swallowed as food. These vacuoles change

their situation, advancing gradually towards the posterior extremity

of the animalcule, where may be observed a vacuole or vesicle of

larger size (and frequently irregular shape, its contour being lobulated),

evidently formed by the union of several smaller vacuoles, which, having

been successively brought into contact, have become fused together like

bubbles of gas. This large posterior vesicle becoming more and more

distended, its walls become thinner, and at last it opens externally by a

wide lateral fissure, discharging its contents and then contracting to a

comparatively small size. If this process bo that which generally takes

* "Rcchcrchcs sur les Organismos inroricurs," Ann. des So. Nnt. ISyf).
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place (as it is supposed to be by M. Dujardin), the excretorj^ orifice wiU

be constantly formed at that point where the internal vesicles (so-caUed

stomachs) tenniuate their career after having passed through the glu-

tinous interior of the animalcule; and in this case its position, although

it is not the termination of an intestinal canal, may be suficiently con-

stant to afford a character of classification.

(80.) The celebrated botanist, M. Meyen*, regards the true Infusoria

as being vesicular beings, having their interior fiUed with a kind of

mucous substance. The thickness of the waUs of the body, according

to this observer, is in many species such as to be easily appreciated, and

contains a spiral structure, which is readily perceptible, and which, as

he thinks, establishes a complete analogy between these creatures and

vegetable cells. In the larger kinds of Infusoria a cylindrical canal (the

oesophagus) passes obliquely through the integument, and becomes dilated

inferiorly,when distendedwith nutritive matter, to the size of the coloured

globules met with in the interior of the body. The inner surface of this

oesophageal tube is lined with cilia, by the action of which alimentary

substances are kept in movement until they acquire a spherical shape.

When the pellet thus formed becomes as large as the size of the pharynx

will allow, it is expelled therefrom, and pushed into the cavity of the

animalcule ; a second pellet then accumulates, if any solid particles are

contained in the surrounding fluid, which being in like manner impelled

into the general cavity of the body, pushes the preceding one (which is

now surrounded vdth mucosity) before it ; and so successive pellets are

formed one after the other, with which the cavity of the body becomes

filled, giving the appearance that induced Professor Ehrenberg to

regard these little beings as furnished with numerous stomachs.

If no solid particles exist in the fluid surrounding the animalcule, the

pellets are less consistent, exhibiting the appearance observable in

specimens living in colourless water, in which case they are made up of

a small number of particles, and seem to be principally composed of

mucosity. Sometimes (observes M. Meyen) two of the pellets so formed

are, when forcibly pressed together by the contraction of the body of the

animalcule, observed to coalesce and become united into one mass—

a

circumstance in itself sufficient to prove that they are not enclosed in

stomachal waUs.

(81.) In order to witness the formation of the pellets above de-

scribed, it is necessary to begin the examination of the animalcule

immediately on placing it in coloured fluid, as the deglutition of the

coloured particles is very rapid
;
frequently, in the course of half a

minute the pellets may be seen to issue one after the other from the

oesophagus, and to be gradually propelled along the internal wall of the

cavity of the animalcule. In Paramecium, Kerona, and the Vorticellce,

each new pellet pushes the preceding one before it, so that they mount
* " Quclqucs Observations sur les Org. digest, clos Infus.," Ann. dos Sc. Nat. 1839.
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lip along tho opposite wall and are returned down the other side, until,

after having accumulated to some extent, tliey are expelled one after the

other from the anal outlet.

(82.) The number of pellets thus formed is frequently so considerable

that they fill up the whole abdominal cavity, and are so closely united to-

gether that they form a mass that revolves slowly upon itself, as may be

seen in the Vorticellce. This last kind of movement is the effect of the

forcible expidsion of the newly formed pellets from the gullet into the

common cavity, of which fact M. Meyen assures us that he has had con-

vincing proof. In other cases, when the number of pellets is small,

they exhibit the kind of circulatory movement already spoken of, the

cause of which is not so obvious.

(83.) The observations of Dr. Lachmann relative to the mode of feeding

of the Acineta (fig. 29) throw considerable light upon this part of their

economy. "When an Infusorium touches the button-like dilated apex of

the ray of an Acineta, it usually remains adhering to it ; the apex of the

ray becomes still more dilated, so as to form a sucking disk, and the ray

becomes thicker and shorter ; at the same time other rays make grasp-

ing movements, and endeavour to attach their extremities, which are

dilated into sucking disks, to the captured prey. If the latter does not

soon succeed in making its escape by great exertions, by which the rays of

the Acinetse are often much disarranged and injured, the Acineta begins

to suck out its contents. Each ray is a sucking proboscis ; and it may
soon be seen that a current of chyme-particles runs from the alimentary

cavity of the caj)tured Infusorium into the body of the Acineta, through

the axis of the rays, which, after seizing the prey, have become short-

ened and thickened. In the body of the Acineta, the chyme-particles

still run at first in a single row, but afterwards they collect in a drop,

which soon becomes amalgamated with other drops derived from other

suckers. "When a considerable quantity of the chyme of the captured

animal has passed over into the Acineta, a remarkable change gradually

takes place in its appearance : if it was previously pale, nearly trans-

parent, and only very finely granulated, larger, dark globules, resembKng

fat-drops, now make their appearance here and there ; and these soon

increase, so that the body acquires a granular aspect and becomes

opake. The globules or drops which thus make their appearance can

only be formed in the body of the Acineta, as they are far larger than

the chyme-particles which are seen flowing through the sucker. The

animal whose contents are thus sucked out gradually collapses and dies :

many become liquefied when only a little of the chyme is extracted from

them ; others still live for a long time : in large animalcules, such as

Stylonychia mytilus, Paramecium aurelia, &c., the sucking often con-

tinues for several hours.

(84.) A number of roundish corpuscles, sometimes coloured, some-

times colourless, are generally found to occur diftuscd through the
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parenchyma of many Infusoria, which were considered by Ehrenberg

ova or spawn. The actual production of young from these corpuscles,

Fig. 29.

Acineta tnberosa (Ehr.), attached to a stalk of Ceraniiuin diaphanum. The specimens marked
a and i are fully expanded; y, side view of ditto; in 5 the tcntaoula are seen in a partially, and
in p in a fully contracted state. The three figures upon the opposite side of the stem of Cera-

mium represent Acineta mystidna.

however, has never yet been observed; and they are now believed to be

nothing more than chyme-globules, which make their appearance after

the digestion of food, as in the instance of the Acineta above-men-

tioned.

(85.) A coloured gastric juice has been described by Ehrenberg as

existing in the gastric cavities of some Infusoria. The colour, how-
ever, has been accounted for by Siebold as produced by refraction and the

presence of aggregations of pigment-granules. According to Professor

Henfrey the reddish-violet colour is real, and arises from the presence

of solution of the chlorophyll of certain Oscillatorice, deeply coloured

with the same tint*

(86.) Two other organs remain to be mentioned which are common
to all the Ciliated Infusoria, namely the " contractile space " and the
" nucleus."

(87.) The contractile space (seminal vesicle according to Ehrenberg)
is regarded by many recent authors, in accordance with Dujardin's

example, as a cavity destitute of proper walls (vacuole), which is some-
times supposed to form the analogue of the heart, and sometimes that of
an excretory or respiratory water-vascular system. In order to bo able
to judge of these views, it will be necessary to examine rather closely
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into the behaviour of this " contractile space ;
" and for this purpose

those Infusoria in which processes or branches derived from it can be

detected appear to be particularly worthy of attention.

Fig. 30.

Faramecium aurelia (Ehr.), magnified 300 diameters. 1. The animalcule at rest, under slight

compression: o', the position of the mouth; s, contractile vesicles surrounded with radiating

processes ;
i, nucleus. 2. Another specimen, placed in water coloured with indigo, showing the

ciliary currents, the oral aperture, o', and the coloured pellets in the interior of the body. 3. The
same in process of longitudinal division, each segment containing a distinct nucleus. 4. A spe-

cimen swimming freely about after being fed with carmine ; the mouth, nucleus, and star-like eon-
tractile vesicles are seen more in profile.

(88.) Eadiating branches of the contractile spaces were first discovered

by Ehrenberg in Paramecium and some other Infusoria. "When the con-

tractile space is fully expanded, the rays can only be observed as fine

lines, or, when the light is not good, are entirely imperceptible. On
the sudden contraction of the space, however, they instantly swell into

pyriform cavities placed close to the position of the contractile organ

which has disappeared. During the slow reappearance of the contractile

space, the rays gradually decrease ; and they in turn have almost disap-

peared or become reduced to fine lines when the vesicle has attained its

full extension. These rays, as well as the contractile spaces, lie, as in

all Infusoria, close under the skin (" cuticula " of Cohn), in the paren-

chyma of the body (" cortical layer " of Cohn),

(89.) The processes of the contractile space are seen with remarkable

clearness in the large Stentor jjolymorphus, in which a very considerable

portion of a vascular system may be recognized. The contractile space

lies a little to the left of the oesophagus, near the plane of the ciliary

disk; from it a longitudinal vessel runs to the posterior extremity of the

animal, and an annular vessel round the ciliary disk, close under its series

of ciHa. Both these are visible even during the expansion of the contrac-

tile vesicle, but sweU up suddenly during its contraction, like the rays

of Paramecium above described; and then the longitudinnl vessel

usually exhibits considerable dilat-ations, which, when superficially ex-
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amincd, might easily be taken for independent disunited cavities

(vacuoles) : the annular vessel exhibits a more uniform aspect ;
only

two rounded dilatations 01
Fig. 31.

make their appearance in

it. Both vessels gi'adually
'"'r <,• ° ". v w

decrease during the reap-

pearance of the contrac-

tile vesicle, apparently

without any contraction of

their own.

It is therefore probable

that, in all the Infusoria

possessed of a contractile

space, it is the centre of a

vascular system which does

not merely consist of chasms

formed in the parenchyma

by its accidental separa-

tion. Another and more

difficult question concerning

its nature remains to be

cleared up, namely whether

the vessels and the con-

tractile space possess proper

walls—in other words, whe-
ther the contractile space is

or is not a vesicle. The mode of its contraction, which differs from the

other contractile phenomena of the parenchyma of the body, aj^pears to

speak decidedly in favour of its vesicular character, as do some other

facts, such as the phenomenon presented by Spirostomum ambiguum,
an animalcule in which the anus is situated at the hinder end of the
animal, and close in front of it is the very large contractile space.

When fuUy expanded, this space appears to be surrounded only by a
thin membrane

; but nevertheless pellets of excrement, often several
at the same time on different sides of the vesicle, form projections
which are nearly hemispherical both towards the vesicle and the outer
surface of the body—a circumstance which could not happen if it were
not a vesicle with proper walls.

(90.) When examined with a good microscope, the Infusoria are
found to be possessed of another organ of very mysterious character,
which, in accordance with the prevailing notion of their analogy with
animal or vegetable ceUs, has been named the nucleus, and which,
as wc shall sec hereafter, seems to play an important part in their
economy, more especially in connexion with Iho propngation of these
animalcules.

Stenior Miilleri (Ehr.), magnified. It is represented
in a half-contracted state, and placed in indigo-water, so
as to show the ciliary currents.
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The nucleus is usually roundish, sometimes longish or even (as in many
Vorticellince and Stentor) much elongated and band-Uke. It is enveloped

in a peculiar membrane, and generally presents a homogeneous or finely

granular appearance. It appears constantly to enclose a cavity sur-

rounded with very thick walls, and sometimes contains a smaller body,

designated nucleolus, which, however, in certain species is situated ex-

ternal to the nucleus.

The nucleus, as a general rule, seems to be aflSlxed to the walls of the

animalcule, as it does not appear at aU to participate in the rotatory

movements observable in the interior of the body.

(91.) In many Infusoria, the surface of the body is capable of ex-

uding a horny substance, that forms a sheath or shell (lorica), into

which the animalcule can contract itself more or less completely.

Another kind of exudation also occurs in a great many species, which

leads to the formation of a case or cyst enclosing the animalcule that

secretes it : the object of this appears to be the protection of the

encysted animal from unfavourable circumstances in the surrounding

water, and from death from desiccation. This process of encystment is

sometimes connected with the reproductive function, as we shall see

hereafter.

(92.) The reproduction of these animalcules is effected in various

ways ; and not unfrequently the same individual woidd appear to pro-

pagate by two or three different modes of increase.

(93.) The first is by external gemmules or buds, which sprout

like minute gelatinous tubercles from the surface of the body, and, gradu-

ally attaining the shape of their parent, develope the cilia characteristic

of their species, and soon become independent beings, although they do

not attain to their full growth until some time after their separation.

(94.) The most usual mode of propagation, however, is by sponta-

neous fission, or division of the body of an adult animalcule into two or

more portions, each of which is perfect in aU its parts. This singular

kind of generation, by which the old animalcule literally becomes con-

verted into two or more young ones, is accomplished in various ways,

which wiU require separate notice.

(95.) In the oval forms of the Infasoria, the line of separation gene-

rally divides the body transversely into two equal portions, by a process

the different stages of wMch are represented in fig. 33. The body of

an animalcule about to divide in this manner becomes at first slightly

elongated, and a line more transparent than the rest of its substance is

seen to cross its middle portion: a constriction becomes gradually appa-

rent at each extremity of the line of division ; this soon grows more

decided, and at length the two parts are only united by a narrow

isthmus (fig. 33), which, getting thinner and thinner, allows a sliglit

effort on the part of either of the now nearly distinct portions to tear

itself from the other half and complete the separation.
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(96.) In some elongated species the fission is effected in a longitu-

dinal direction, the separation gradually proceeding from the posterior

to the anterior extremity of the body ;
yet even in these the division is

occasionally transverse, the newly formed creature appearing truncated

at one end for some time after the completion of the process.

(97.) The above mode of generation, as exhibited in Vorticella (fig.

33), is very curious; and from the different forms assumed by the young

during the progress of their development much confusion has occurred,

each stage of growth having been described as the permanent appearance

of a distinct species. This beautiful animalcule seems to be propagated

in several ways—sometimes by external gemmules, which appear Hke

minute points, scarcely more than y^ViT ^ -^^^ ^ diameter, upon

the pedicles of the adult Convallarise ; these iu time become peduncu-

lated, and, although stiU very small, exhibit the cilia upon the margins

of the delicate cups ; in this state they were called by Schrank Vorti-

cellce monadicce (fig. 33). The YorticeUfe generally, however, multiply

by fission, the beU-shaped cup at the extremity of their highly irritable

pedicles separating longitudinally into two ; but the progress of this

division requires our particular notice, as the unpractised observer

might be considerably puzzled on witnessing some of the phenomena

attending it.

(98.) The adult animalcule (seen with its pedicle fully extended

(fig. 33, d), when it is alarmed, shrinks by throwing its stem into spiral

folds. "When about to divide, the bell or body of the animalcule is seen

to have extended considerably in breadth, preparatory to its becoming

separated into two distinct creatures. The separation gradually extends

from the base, or ciliated extremity, to the point where the body is

attached to its stem. When the division has extended thus far, the

newly formed portion is seen with surprise to have become furnished

with cilia at both ends—and when finally detached, only at the oppo-

site extremity to that on which they originally existed ; it then be-

comes freed from its pedicle, and, thus losing the great characteristic

of its species, swims about at large, exhibiting forms which have been

described as distinct species by different writers ; at last it puts forth

a new stem, and, assuming the adult form, becomes fixed by its pedicle

to some foreign body.

(99.) This fissiparous mode of reproduction is amazingly productive,

and indeed far surpasses in fertility any other with which we are ac-

quainted, not excepting the most prolific insects or even fishes. Thus
a Paramecivm, if well supplied with food, has been observed to divide

every twenty-four hours, so that in a fortnight, allowing the product of

each division to multiply at the same rate, 16,384 animalcules would be

produced from the same stock ; and in four weeks the astonisliing num-
ber of 268,435,456 now beings would result from a continued repetition

E
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of the process : wo therefore feel but little surprise that, with such

powers of increase, these minute creatures soon become diffused in count-
less myriads through the waters adapted to their habits.

If the organization of these animalcules were as simple as it was
supposed to be a few years ago, when they were thought to be mere
specks of living jelly, imbibing nourishment at every point of their

surface, which became diffused through

aU parts of the homogeneous texture of

their bodies, their spontaneous division

would be perfectly intelligible, and every

step of the process easily understood;

bxit, setting aside the conformation of

their digestive apparatus, there are many
circumstances attending the operation

indicative of a power of developing new
organs in the construction of every fresh

individual, which must be looked upon

as a very interesting feature in their animalcule, showing the same in

history. Thus a new oral orilBce, sur- (after Ehrenberg).

rounded with cilia, must be formed upon the posterior segment of each

divided animalcule. In Nassida elegans the curious dental apj)aratus,

complex as its structure seems to be, must be developed upon the new

part of the body prejiaratory to every separation ; and accordingly a new
mouth or dental cylinder is actually formed upon the hinder half of

the creature before its transverse fissure is complete.

(100.) Kearly all the Infusoria and Ehizopoda, as above stated (§ 86),

have in their interior a kind of nucleus, which is quite different in its

compact texture from the parenchyma by which it is surrounded. This

nucleus seems to play an essential part in the fission ; for every time

the animalcule divides, either longitudinally or transversely, this organ,

which is usually situated in the middle, divides also, so that each of the

two new individuals has a nucleus.

(101.) A remarkable mode of reproduction, by encystment, observed

first by Steia in difi"erent species of Vorticella, appears to exist com-

monly among all the animalcules of this class *. The individual about to

become encysted contracts slightly, and closes its peristome ; around

it there then aj)pears a cloud-like sacculus formed by a viscid liquid,

which is probably the result of a cutaneous secretion. In tliis liquid

are developed granules, which, augmenting more and more in number,

and adhering together, finally form a membrane, which becomes hard

and resisting, although soft and flexible when first produced. This

encystment appears to have a double purpose :—first, to witlidraw these

very delicate animals from the destructive effects of drought and cold

;

* M. J. d'Udelfem, " On tho Metamorphoses of the Vorticellfc " Ann. Nat. Hist,

for July 1859,

Fig. 32.

Chilodon Cuculhts : a, dental apparatus

;
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and, secondly, to aUow them to undergo certain metamorphoses protected

from all external influences.

Fig. 33.

Vorticella microgtoma (Ehr.), shomng different stages of the process of flssiparous reproduotion.

The basis to which the group is attached consists of a finely granxilar mucous mass.

The Yorticellian thus encased becomes attenuated and folded upon

itself ; the sarcodic substance appears to traverse its integument in all

parts ; from time to time it still contracts, but ultimately becomes com-

pletely dissolved, so that we find in its place merely a homogeneous

sarcodic liquid, containing granules, together with the nucleus, which

resists the general destruction. In the sarcode there takes place a pro-

cess which may be in some measure compared with what occui's in the

vitellus after the fecundation of an ovum. The granules becoming

united together form groups, which soon divide and subdivide ; at the

same time an integument is formed upon the surface, which is con-

tractile, covered with vibratile cilia, and closed at aU points. The cyst

now contains a new Infusorium, which may be compared with the

Opalince or Bursarice met with in the intestines of a frog.

(102.) The next part of the process is the transformation of the

ciliated Infusorium thus obtained into an Acineta. "While the meta-

morphosed VorticeUian revolves in the interior of the cyst, it undergoes

development, increases in size, and its whole surface becomes covered

with folds : at length a moment arrives when the cyst, yielding to the

pressure exerted in its interior, bursts ; the ciliated Infusorium becomes

free, swims about with a rotatory movement, and is gradually de-

veloped into an Acineta. Fourthly, ciliated embryos make their ap-

E 2
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pearanco in the interior of the Acineta thus produced, apparently
formed at the expense of the nucleus ; the nucleus becomes totally

converted into an embryo, and, after the expulsion of the latter, a new
nucleus is formed, which in its turn becomes transformed into another
embryo, and so on. Lastly, the embryos become fixed, and transformed
into young Vorticellce.

According to Stein, therefore, the Vorticellce by this process of en-
cysting are transformed into Acinetse, and these again, by means of

internal motile embryos which are emitted from them, change into

Vorticellse. But the reality of this metamorphosis has been disputed

by several careful observers ; nevertheless Professor Stein still retains

his original views upon this subject*.

(103.) The encapsulation of Kerona pustulata is thus described by
Mr. Carter :—" The first change that occurred was the absence of all

crude aliment in the abdominal cavity ; then a division of the nucleus

into four parts, preparatory to its disappearing altogether. At the same
time certain dark angular grains, which had been floating roimd with
the sarcode of the abdominal cavity, became congregated in the poste-

rior extremity. The Kerona now became shortened, its cilia disappeared,

and finally it passed into a rounded-oval baU. This, after a certain

time, resolved itself into an obtuse-elliptical ea.psule enclosing a spheri-

cal cell with a separate mass of dark angular grains. The capsule was
laminated and ragged on the outside, and defined by a clear line in-

ternally, while the spherical cell contained all the vital remains of the

Kerona, together with the contracting vesicle, but exclusive of the

' dark angular grains,' which, adhering more or less together, were still

enclosed within the capsule. At this time the spherical cell was ro-

tating, probably from the presence of cilia upon its surface, and the

contracting vesicle active ; but subsequently the granular mucus of

which it was composed became transformed into a number of uniform,

round, refractive, oil-looking bodies, and the contracting vesicle disap-

peared. After the lapse of nearly a month, the contents of the spheri-

cal cysts again became active, and had assumed definite forms, rotating

rapidly in their cells, sometimes one way, sometimes the other, attended

by intervals of rest; with many also a lifeless portion was present,

which was forced round equally fast with the living one." Mr. Carter,

however, was not fortunate enough to witness the actual escape of the

enclosed animalcules.

(104.) The encapsulation of Ploesconia Oliaron, likewise witnessed

by Mr. Carter, presented analogous phenomena. " The Ploesconiae had

not appeared twenty-four hours when they began to assume a globular

form by becoming shorter and shorter, and at th6 same time secreting

* Vide an elaborate paper by Dr. U. Cienkowski, in the ' Bulletin de la Classo

Physico-Math6matique de I'Acad. Imp. des Sciences de St. Petersboiu-g' for January

1855.
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an albuminous substance around them, within which the legs and cilia

were graduaUy withdrawn ; and a spherical capsule was thus formed,

which adhered to the watch-glass. AH trace of the Ploesconise now

became lost, with the exception of the refractive globules in the abdo-

minal cavity ; and the contracting vesicle, although active at first, soon

disappeared. In this passive state of existence the Plcesconife con-

tinued for two days, when the contracting vesicle again began to resume

its functions, and the included animalcule, detaching itself from its

capsule, began to rotate graduaUy. CUia next presented themselves,

the rotatory motion became accelerated, the distention of the con-

tracting vesicle increased, until at last the capsule burst, and a portion

of the cilia of the Ploesconia was at the same time protruded. A

few minutes of rest now succeeded ; and the cilia having been with-

drawn, the rotatory motion was again resumed, while the distention of

the contracting vesicle, also going on, at last became so great as to force

a portion of the body of the encysted Ploesconia through the rent, when

an interval of rest followed. The portion of the body was then with-

drawn, and the same process repeated several times, until at length the

Ploesconia obtained its exit. It was now almost spherical in shape, from

the enormous distention of the contractile vesicle, behind which appeared

numerous globules, and at the circumference the legs and cilia. In

this state it continued stationary for some minutes, until the disten-

tions of the contracting vesicle, evidently increased for the bursting of

the capsule, were gradually reduced to their natural limits, when the

different parts of the Ploesconia regained their respective positions, and

the animalcule at last assumed its original form and bounded off in

search of food."

(105.) The discovery of the propagation of the Infusoria by means

of embryos or internal germs has opened a new field of research in the

history of the development of these animalcules. From the researches

of M. Balbiani*, it would appear that, besides the truly agamic modes

of reproduction, namely, by spontaneous division and gemmiparity,

there exists a process by which the young are formed in the interior of

the parent, which gives them bii'th by the agency of distinct sexual

apparatus. Stein was one of the first to call attention to the part played

by the nucleus in the process of reproduction ; but he thought that the

germs were developed on the surface of this body by a species of gem-

mation which would assimilate them rather to bulbilli, or caducous buds,

than to embryos originating from fertile ova. They would seem, how-

ever, to be really produced by an act of sexual generation. We will

describe the phenomena witnessed by M. Balbiani in the common green

Paramecium {Paramecivm Bursaria, Focke ; Loxodes Bursaria, Ehrenb.),

as an illustration of what occurs in a great variety of other forms.

* " On the existence of a Sexual Reproduction in Infusoria," ComptoB Rendus,

2yth March, 1858, p. G28.
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In this species, as probably in all Infusoria, there exists a nucleua,

which is here accompanied by a smaU lenticular body, usually lodged

in an excavation of the nucleus near one of its extremities, and gene-

rally described under the improper name of nucleolus."

Por several generations the Paramecia multiply by spontaneous

scission, each of the two new individuals obtaining half of the primitive

nucleus ; but under the influence of conditions of which we are still

ignorant, the animalcule is propagated in a very different manner.

When the period arrives at which the Paramecia are to propagate with

concourse of the sexes, they may be seen assembling upon certain parts

of the vessel in which they are contained, either towards the bottom or

on the walls. Soon they are found coiipled in pairs, adherent laterally,

and as it were conjoined, with the similar extremities turned in the

same direction, and their two mouths closely applied to each other.

In this state the two conjugated individuals continue moving with

agility in the liquid, and turning constantly round their axis. There is

nothing before this copulation to indicate the considerable change in

the nucleus and the nucleolus which accompanies it ; it is during

the copulation itself (of which the duration is prolonged for five or six

days or more) that their transformation into a sexual reproductive ap-

paratus takes place.

(106.) At the end of this time the nucleolus has undergone a con-

siderable increase in size, and has become converted into a sort of cap-

sule of an oval form, the surface of which presents longitudinal pa-

rallel Knes or streaks. Nearly always it soon divides, in the direction

of its greater axis, into two, or more frequently into four parts, which

continue increasing, independently of each other, in a very irregular

manner, and form so many secondary sacs or capsules. These latter

appear to be composed of an extremely fine membrane enveloping a

number of small curved bacilla extending from one extremity of the sac

to the other ; their thickness is inflated towards the middle, narrowed

towards the extremities. It is these which, when seen through the

enveloping membrane, give the capsule the striated appearance whereby

it is characterized ; it also contains a perfectly colourless and homoge-

neous fluid.

Meantime the nucleus has also changed its form and aspect : it has

become rounded and widened ; its substance has become softer, lost its

refractive power ; and towards the margins it presents notches, which,

penetrating more and more deeply into its mass, isolate one or more

fragments, in which a sufiicient magnifying-power enables us to see a

certain number of small transparent spheres vnth an obscure central

point. In other cases the nucleus while still almost entire presents

this aspect, and then appears as if stuffed with these little rounded

bodies, the analogy of which to ovules cannot be doxibtcd. The evo-

lution of the nucleus and nucleolus being contemporaneous, and pro-
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grossing at the same rate iu the two coupled individuals, it follows, af

wo regai-d the former as an ovary and the second as a testicle or seminal

capsiile, not only that each of them possesses the attributes of both sexes,

but that they fecundate each other.

As regards this fecundation itself, everything seems to prove that it

takes place by means of an exchange made by the two coupled indi-

viduals of one or more of their seminal capsules, Which pass through

the apertures of their mouths, closely applied to each other, from the

body of one Paramecium into that of the other ; for very often, although

we may not be able to perceive this passage itself, we may detect the

moment when one of the capsules already engaged in one of the mouths

is on the point of clearing this aperture.

(107.) Each capsule after its transmission continues to increase in

size in the body of the individual which has received it—frequently

attaining a volume greater than that of the nucleus itself; but there are

never more than one that arrive at maturity at the same time. When,

having attained this state, it is examined after being pressed out of

the body of the animalcule to free it from the granulations which mask

it more or less whUe there, it appears under the form of a large ovoid

body, the surface of which presents a multitude of parallel striae

directed longitudinally, due to the arrangement of the corpuscles con-

tained in the interior. Compression, carried so far as to cause its

rupture, shows it distinctly to be formed by a membrane of extreme

tenuity containing an immense number of minute fusiform corpuscles,

the extremities of which are imperceptible on account of their extreme

fineness. As soon as they are free, these little bodies exhibit a vacil-

latory and translatory movement, which soon causes their dispersion in

the circumambient fluid. These are the spermatozoids of Paramecium

Bursaria.

(108.) It is usually from the fifth to the sixth day following the

copulation that the first germs are seen to make their appearance, in

the form of small rounded bodies formed by a membrane which is

rendered very evident by acetic acid, and containing a greyish, pale,

homogeneous or almost impercei)tibly granular matter, in which neither

nucleus nor contractile vesicle is yet to be distinguished ; these organs

do not appear till afterwards. Stein and P. Cohn have shown that

these embryos quit the body of their parent under the form of Acineta;,

furnished with Imobbed tentacles (true suckers, by means of which

they remain for some time still adherent to the mother, deriving their

nourishment from her substance) ; but their investigations did not re-

veal to them the ultimate fate of the young progeny. M. Bal-

biani was able to foUow them for a considerable time after they had

detached themselves from the parent animalcule, and convinced him-

self that, after losing their suckers, becoming clothed with vibratilo

cilia, and obtaining a mouth, which first shows itself in the form of
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a longitudinal furrow, they definitely acquired the form of the mother,
becoming filled in the same way with the green granulations charac-
teristic of this Paramecium, without undergoing any more important
metamorphoses.

M. Balbiani * did not succeed in witnessing the deposition of the ova,

but he thinks it very probable that they escape by the anus or by some
neighbouring aperture. In Stylonychia he observed them to collect in

the posterior part of the body and diminish gradually in number from
the first or second day after copulation, at which period a round pale

body begins to make its appearance in the centre of the animalcule, which
becomes constricted in the middle and reconstitutes the double nucleus.

(109.) The Infusoria would seem to be destitute of copuiatory

organs. In most cases sexual intercourse is eflPected by simple juxta-

position of the mouths of the two animalcules. In the Oxytrichina the

union is more intimate, and goes so far as to constitute a true solder-

ing of the two individuals for more than two-thirds of the anterior part

of their length. Any one who had not witnessed aU the phases of this

remarkable copulation would necessarily regard this state as a case of

longitudinal division proceeding from behind forwards ; but the con-

comitant changes of the internal organs cannot leave the least doubt as

to the signification of this act.

(110.) The remarkable history of Trichoda Lynceus has been studied

by M. Jules Haimef. This animalcule would appear to commence its

existence under the aspect of an Oxytricha (Ehrenberg) (fig. 34, i, 2), in

which condition it undergoes multiphcation by transverse fission in the

usual manner (3, 4). The halves resulting from this division then as-

sume a globular form, lose the greater part of their locomotive apparatus,

and become encysted (5, e). The contents of the cyst next separate

from their envelope, leaving a space on one side, in which ciHary move-

ment can be distinguished (7). This space spreads all roTind
; granular

matter is expelled from the cyst, whereby its form becomes altered (s);

and the distinction between the newly formed animalcule to which the

cilia belong and the remains of the original creature becomes more and

more apparent (9, 10, 11), until at last the former escapes through the

wall of the cyst (12, 13, u, is, le) and soon developes itself into an Aspi-

discm. How the Aspidiscus returns to the Oxytricha-form is still a

matter for speculation.

* " On the Generative Organs of the Infusoria," Ann. Nat. Hist. ser. 3. vol. ii.

p. 443.

t Ann. ties Sc. Nat. 8(5r. 3. t. xix. p. 109.
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Fig. 34.

Metamorphoses of 2VicAoiaZynceu«. 1. Larval condition (OayirtcAa), seen from below. 2. The
same, after swallowing another animalcule. 3. Avery large speoimenjust about to undergo fission.

4. The same, showing the fissiparous process, in a more advanced stage. 5. One of the products

of such fission. 6. The same, having lost most of its cilia and assumed a spherical shape. 8. The
same, now become completely motionless. 9. Appearance of the same after the lapse of fifteen

days. 10. Later condition of the same, showing the formation of a cyst. 7 & 11. After the

expulsion of a considerable quantity of exuvial matter, a ciliated animalcule appears in the inte-

rior of the cyst. 12 & 13. The included animalcule escapes from its encystment and at length

assumes the form of an Aspidiscus, represented at li. 15. The complete animalcule walking by
means of its set®. 16. Inferior aspect of the same when at rest. All the figures are magnified

355 diameters, except the two last, which are shown under a magnifying-power of 760 diameters.

CHAPTER IV.

SUBKINGDOM II.

CCELENTERATA* (Frey and Leuckart).

(111.) The second Subkingdom, established by separating into two divi-

sions the Radiata of Cuvier, comprehends an immense series oforganisms
constructed upon a peculiar plan, which, in a physiological point of view,

indicates a higher grade of development than that represented by the soft

homogeneous sarcodo forming the flesh of the sponge, or the semigelati-

nous material that constitutes the substance of an Infusorial Animal-
cule.

* KoiXoe, hollow
; evrepov, intestine := having a hollow digestive cavity.
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(112.) The fli-st important character whereby the Coslenterata are
distinguishable from the Protozoa described in preceding pages, is that
the former have their bodies resolvable into two layers, one of which is

tegumentary, while the other is more especially concerned in the acts of
nutrition and reproduction. These two layers have received respectively

the names of Ectoderm'*, or external integument, and Endoderm^, or lining

membrane of the body. Even in the lowest members of the group these

two layers are distinctly recognizable, although as yet but shghtly dif-

ferent in their structure; while in more highly organized races the

differentiation of the tissues is often carried to such an extent that

structures of considerable complexity result from their development

;

even muscular and nervous fibrillfe become doubtfully recognizable,

together with thread-cells, pigment masses, and granidar structures

devoted to the elaboration of various secretions. In the more compli-

cated genera, by the extension and conversion of these two membranes,
outgTowths are formed which serve for support, ornament, or protec-

tion, while by the deposition of calcareous materials the beautiful

productions known as corals are constructed, presenting innumerable

varieties in their conformation, and rivalling each other in the elegance

of their apj)earance.

(113.) A very distinctive character, which maybe said to be peculiar

to the Coelenterata, is the presence of peculiarly constructed organs called

"thread-cells" (nematocystsX), constantly met with in all the members
of this extensive group. These thread-ceUs, for which the name of

" Cnidce " § has been proposed, usuaRy occur as colourless, transparent,

elastic, double-walled vesicles, rounded or oval in their shape, contain-

ing a fluid in their interior. The outer wall of the vesicle is entire and

very delicate ; the inner wall is much stronger, having one extremity

open and prolonged into a stout rather fusiform sheath which termi-

nates in a long lasso-like filament (" ectJiorceum" ||). In the ordinary

condition of the thread-cell, the ecthoraeum lies arranged in many coils

that wind around the walls of the vesicle, which, under pressure or irri-

tation, suddenly bursts with a sort of explosion ; its fluid escapes, and the

filament vrithin is projected much in the same way as the lasso-thong

to which we have compared it ; its proximal extremity remains attached

to the sheath, while the free end winds round or adheres to the object

attacked. So quickly is this efi'ectcd that the eye can by no means

detect the nature of the proceeding ; but in all probability the act is

* efcros, outside; Sepfia, skin: = outer skin.

t IsvSov, within ; Sipfia, skin : = internal skin. For a condensed account of the

morphological structure of the Coelenterata the reader is referred to Professor

Joseph Eeay Greene's ' Manual of the Subkingdom Coelenterata,' a work from

wliich wo have adopted the nomenclature used in the following pages.

J vri[ia, a thread; kv<ttis, a bladder: = thread-vesicles.

§ KviSt], a nettle; from their power of stinging.

II
cKdope, a poetical word from eKOpuxTKu), to sjyrinff forth.
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accompaBied by a complete evcrsion of the contents of the vesicle,

men extended to its fxiU length, the base of the ecthorceum is seen

to bo furnished with a number of barbs or hooks, sometimes giving it

the appearance of being serrated. The presence of so formidable an

annature wiU doubtless account for the disagreeable stinging sensation

produced when some of these creatures are incautiously handled.

The faculty of stinging possessed by the Coelenterata generally

was weU known to Aristotle, who applied to many forms of these

creatures the name of Acalephce, from atcaXucpv, « nettle.

(114.) With the exception of two genera, all the CffiLENTERATA are

marine
;
they crowd the seas with infinitely diversified forms of beauty,

or pave the bed of ocean with their rock-like skeletons. The Hydrse

or Freshwater Polyps are to be procured in every pond ; others, as the

Cordylophora, are only to be met with in brackish water. The Sertu-

larian Zoophytes, wreathed together in a thousand elegant patterns,

festoon the rocks upon the shore, or wave their arborescent stems, laden

with living flowers, beneath the undulating waters of the sea. Some

live in unbranched tubes of horn or stone ; while others float in lazy

apathy upon the tepid tide, apparently endowed with just sufficient sense

to feel that light is pleasant and the sun is warm. Ot>hers, more active,

dart from place to place like water-birds with wings of living flame

;

and many, buoyed on floats as deKcate as are the bubbles among which

they swim, hoist to the breeze their little sail and scud along like fairy

ships with colours all displayed ; while some there are that urge their

rapid course by means of paddle-wheels, which far surpass in their effi-

ciency the clumsy enginery contrived by man to speed his daring path

over the very waves thus filled with wondrous multitudes of living

things that vainly court his notice. The coral-reefs, so widely spread

throughout tropical seas, and the floating banks of jelly-fishes amid

which ships may sail for days together, equally testify to the abundance

in which these exquisite structures exist, while the remarkable beauty

of their forms, and the mystery which still overclouds some features in

their history, render them objects of special interest to the observant

naturalist.

Before concluding these few introductory remarks, it may perhaps be

necessary to warn the student that the discrimination between many
Coelcnterate races and others closely resembling them in external ap-

pearance will be found by no means an easy task. The resemblances

which exist between their dried polypidoms and those of the Polyzoa

are often such as to mislead the most practised observer, and it is only

by the microscopic examination of living specimens that the distinctive

characters whereby they are recognizable are rendered manifest.



60 HYDEOZOA,

CHAPTER V.

HYDEOZOA*.

(115.) The Hxde^, or freshwater polyps, are common in the ponds
and clear waters of our own country; they are generaUy found creeping
upon confervse or submerged twigs, and may readily bo procured in
summer for the purpose of investigating the remarkable circumstances
connected with their history.

Fig. 35.(116.) The body of one of

these simple animals consists of

a delicate gelatinous tube, con-

tracted at one extremity, which
is terminated by a minute suck-

er, and furnished at the oppo-

site end with a variable number
of delicate contractile filaments,

placed around the opening that

represents the mouth.

(117.) When the Hydra is

watching for prey, it remains

expanded (fig. 35, x, 2, 5), its

tentacula widely spread and

perfectly motionless, waiting

patiently till some of the count-

less minute beings that populate

the waters it frequents are

brought by accident within its

reach, when no sooner does an
animal touch one of the outstretched filaments than its course is arrested
as if by magic ; it appears instantly fixed to the almost invisible
thread, and, in spite of its utmost efforts, is unable to escape; the
tentacle then slowly contracts, and others are brought into contact with
the prey, which, thus seized, is gradually dragged towards the orifice of
the mouth, that opens to receive it, and slowly forced into the interior

of the stomach.

(118.) To the earlier observers of the habits of the Hydra nothing
could be more mysterious than this faculty of seizing and retaining
active prey, but which is now satisfactorily explained as depending

* vdpa, the Hydra
; l^ioov, cm animal: = animals resembling the Hydra in their

general habits.
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upon the presence of a prehensile upparatua of filiferous capsules,

described in the last chapter. These wonderful stinging-organs are

not only thickly dispersed over the whole surface of the tentacles, but

are likewise met with, though less numerously distributed, over the

general surface of the body. They appear, under high powers of the

microscope, to be composed of minute oval vesicles, from each of which

can be protruded a long delicate filament, having its free extremity

slightly swollen, and apparently of a soft viscid texture, the whole

being not inaptly compared by Agassiz to a lasso. The neck of each

vesicle is famished with three recurved booklets, which, when the skin

of the animal is irritated, or when the arms are prepared to seize

prey, remain erect and prominent. The modus operandi of these

structures is as simple as the result is ef&cacious : the " lasso-threads/'

with their viscid extremities, speedily involve in their tenacious folds

the victim seized, and closely bind it against the hooklets wherewith the

surface of the tentacula is thickly studded : these, probably, in their

turn constitute prehensile organs, amd moreover form an apparatus of

poison-fangs of a very deadly character ; for it is observable that an

animal once seized by the Hydra, even should it escape from its clutches,

almost immediately perishes.

(119.) Arrived in the stomach of the poljrp, the animal that has

been swallowed is still distinctly visible through the transparent body

of the Hydra, which seems like a delicate film spread over it (fig. 35, i) ;

gradually the outline of the included victim becomes indistinct, and the

film that covers it turbid ; the process of digestion has begun : the soft

parts are soon dissolved and reduced to a fluid mass, and the shell or

hard integxmient is expelled through the same aperture by which it

entered the stomach.

(120.) No traces of vessels of any kind have been detected in the

granular parenchyma ofwhich the Hydra Pig. 36.

is principally composed ; coloured glo-

bules are seen floating in a transparent

fluid, which, in the Hydra viridis, are

green, although in other species they

assume different tints. When the food

has been composed of coloured sub-

stance, as, for example, red larva3, or

black Planarice, the granules of the body
acquire a similar hue, but the fluid

wherein they float remains quite trans-

parent; each granule seems like a little

vesicle into which the coloured matter is

conveyed, and the dispersion of these globules through the body gives

to the whole polyp the hue of the prey it has devoured ; sometimes the

granules thus tinted are forced into the tentacula, whence they are

Hydra in process of gemmation : a
flrsfc appearance of gemma; 6, genunm
more advanced in grovrth.
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driven again by a sort of reflux into the body, producing a kind of cir-

culation, or rather mixing up, of the granular matter, and distributing it

to all parts. If, after having digested coloured prey, the polyp is made
to fast for some time, the vesicles gradually lose their deepened hue
and become comparatively transparent. The granules, therefore, would

seem to be specially connected with the absorption and distribution of

nutriment.

Examined more minutely, the body of the Hydra is seen to consist of

two distinct membranes, between which the coloured granular paren-

chyma is interposed. Of these, the external {Ectoderm) constitutes the

outer skin or integument of the animal, while the internal layer or

JEndoderm forms the lining of its internal or digestive cavity. Around

the margin of the mouth these two membranes are continuous ; and the

line of junction between them is sometimes clearly marked. Por the

purpose of facilitating description, it will be found convenient to dis-

tinguish by different names several regions into which the polyp may
be theoretically divided. Its entire body (Tiydrosoma) consists of an

alimentary region or polypite,'^ at one end of which is the adherent

disk (hydrorhiza), whilst at the opposite extremity are situated the

" tentacula " or instruments of prehension. Moreover those parts re-

mote from the hydrorhiza are conveniently termed " distal," whilst

those in the vicinity of the terminal sucker may be designated as

belonging to the ''proximal^' extremity.

(121.) When mature and well supplied with food, minute gemmules

or buds are developed from the common substance of the body (Jiydro-

some); they spring from no particular part, but seem to be formed

upon any portion of the general surface. These gemmse appear at

first like delicate gelatinous tubercles upon the exterior of the parent

polyp ; but as they increase in size they gradually assume a definite

form, become perforated at their unattached extremity, and develope

around the oral aperture the tentacles characteristic of their species.

(122.) This mode of propagation, termed " gemmation," difi'ers from

the development of the Hydra ab ovo, inasmuch as the germ-ceU,

which sets on foot the process, is derivative and forms part of the

body of the adult, instead of being primary and included in a free

ovum*.

* The life of every animal presents the alternate performance of two distinct

series of acts—the one of reproduction, the other of development.

Each act of reproduction consists essentially in tliis, that two dissimilar bodies, an

ovum and a spermatozoon, are brought into mutual contact. In some cases the

spermatozoon penetrates the coats of the ovum, or even enters it by a proper aper-

ture, known as the " micropyle." Thus defmed the process of reproduction is the

same in all animals.

No sooner has reproduction been thus effected than development begins. The

fertilized ovum gives rise to an embryo, wliich in process of time becomes evolved

into the likeness of its parent. This embryo, togetlier with all tlie strnetures subse-
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Fig. 37.

(123.) Somotinios six or seven gemmao have been observed to sprout

at once from the same Hydi-a ; and although the whole process is con-

cluded in twenty-four hours, not unfrequently a third generation may

be observed springing from the ne^yly formed polyps even before their

separation from their parent : eigh-

teen have in this manner been seen

united into one group; so that, pro-

vided each individual, when complete,

exhibited equal fecundity, more than

a million might in this manner be

produced in the course of a month

from a single polyp.

(124.) But perhaps the most re-

markable feature in the history of

the Hydra is its power of being mul-

tiplied by mechanical division. If

a snip be made with a fine pair of

scissors in the side of one of these

creatures, not only does the wound

soon heal, but a young polyp sprouts

from the wounded part; if the hydro-

some be cut into two portions by

a transverse incision, each speedily

developes the wanting parts of its

structure; if longitudinally divided,

both portions soon become complete

animals; even if it be cut into several

parts, every one of them will in time assume the form and functions of

the original.

(125.) The Hydrce, at certain seasons of the year, are moreover

quently developed fchei'efrom, is said in zoological language to constitute the indivi-

dual.

Should the resulting organism develope an ovum in its turn, that ovum, if ferti-

lized, forms the basis of a new individual, and so on for every additional ovum con-

cerned in a generative act; so that each repetition of the reproductive process

forms, as it were, the natural boundary between two successive individuals, or, in

other words, between two cycles of development.

According to this view fission and gemmation are not modifications of the repro-

ductive process, but rather acts of development.

If all the parts of an individual remain mutually connected, its development is

said to be " continuous ;" if any of thom separate as independent beings, it is " discoji-

tinuous."

Continuous development may manifest itself under three principal modes, viz.

growth," " metamorpJiosis," and "gemmation unihout fimon" In metamorphosis
growth alternates with certain well-marked clmngOH of form. In gemmation with-

out fission a tendency to vegetative repetition is more or less distinctly marked. In
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reproduced from real ova*, at wMch period various observers have
proved them to be possessed of a male apparatus of a most remarkable
character. This latter organism makes its appearance under the form
of two, three, or four minute conical tubercles, which become deve-
loped from the sides of the body, at a short distance below the tenta-
cula

; and in these, under the microscope, iimumerable active particles

are seen to be contained.

(126.) The conical eminences, which constitute the spermatic cap-

Eig. 38.

Oviparous reproduotion of HyivayiriiiB. 1. Bodyof Hydra, magnified: a, the ovum contained

in the ovigerous oapsule ( Oynophore) sprouting from the side of the polyp ; 6, 6, spermatic capsuleB

{Androphores). 2. Mature ovum of Hydra, crushed, its contents escaping. 3. Spermatic capsule,

broken by pressure, showing the contained spermatozoa.

sules, sometimes occur in considerable numbers (as from eight to six-

teen) on the brown polyp ; but in the green species only two or three

are generally seen, placed on opposite sides of the body, and invariably

discontinuouB development the detached portions of the individual ai-e termed
" zooids," that which is first formed being distinguished as the " producing," that

wliich separates from it being the " produced " zooid. If there be more than two suc-

cessive series of zooids, the terms " protozooid," " deuterozooid," and tritozooid " may

bo respectively applied to them. The produced zooid may resemble the producing

zooid, as in Hydra, or be dissimilar to it. The first case afi'ords an illustration of

simple " gemmation with fission," the latter of the process known as " metagenesis "

or geneagenesis. All these varieties of discontinuous development are collectively

denominated " agaviogenesis," as distinguished from " gamogeiicsis," in which the

ovum to be developed must first be brought in contact with spermatozoa.—Professor

Greene, ' Manual of the C colonterata.'

* " On a species of Hydra found in the Northumberland Lakes," by A. Hancock,

Esq., Ann. and Mag. of Nat. Hist, for 1850.
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situated somewhere in the vicinity of the oral extremity (fig. 38, i, h h).

The interior of the capsules has a slightly ribbed or striated appearance

;

and at the summit a small aperture is sometimes perceptible, through

which, when the development is complete, the spermatic filaments are

observed to issue. On breaking up the capsule {spermarium), under the

microscope, large numbers of these filaments are seen united in bundles

by their minute globular heads, the filamentous part being free, and

vibrating with great rapidity in the manner which is known to be

characteristic of these bodies in all animals (fig. 38, 3).

The ova are developed in the proximal portion of the body (hydro-

some), which, at the time when the male apparatus makes its appear-

ance, becomes considerably enlarged, presenting an opake swelling, in

the interior of which an ovum is discernible (fig. 38, 1, a) ; when

mature, this ovum becomes detached from the parent animal and fixes

itself to some foreign body.

(127.) The ovigerous capsule (ovarium) is, when fully developed, of

such a size as to be seen with the naked eye. It is attached to the

side of the polyp, nearer to the foot than the spermatic capsules, and is

distinguished from the rest by its spherical form and yeUowish-brown

colour. In the Hydra viridis only one ovum appears to be developed

on the body of the polyp at the same time ; but a number varying

from five to seven have been occasionally observed upon the Hydrafusca.

(128.) The ovum appears, at first, as a small granular mass in. the

thickness of the waU of the hydrosome. As the spherical yelk-mass en-

larges, it projects from the side, seeming to carry along with it the

outer or clearer layer of the body (ectoderm) ; then the ceUs of this layer

grow thinner, and recede from the outer covering or capsule enveloping

the egg-like mass, which at the same time becomes much thicker, and

is left attached to the animal only by a narrow portion or pedicle. As
the development proceeds, a similar atrophy of the cells of the pedicle is

followed at last by separation of the spherical mass, which is thus

detached from the parent polyp.

(129.) From various observations it would seem that some Hydrce
are hermaphrodite ; others produce the organs of one sex only ; but
generally both kinds are developed from the same Hydra.

(130.) The fertilization of the ova cannot take place untO. after the

rupture of the spermatic cyst and that of the ovisac also ; so that the

parent has no more participation in the act than has the Fucus in the

analogous fertilization of its germ-cells after their discharge. Although
the production of a new Hydra from the egg has not yet been witnessed,

there seems no reason to doubt the fact of its origin from this source.

It would seem that this alternation of reproduction between the gemmi-
parous and the sexual is greatly infiuenced by temperature, the eggs
being produced at the approach of winter and serving to regenerate
the species in the spring, while the budding process naturally takes

p
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place only duriug the warmer seasons, but may be made to continue
through the whole year by a sufficiently high temperature. We may,
however, observe, as a fact of the highest importance, that the bvds are
always formed first ; as soon as the Hydra produces egrjs it perishes.

Hence from an egg laid by a Hydra there is i)roduccd a being capable
of budding forth several individuals resembling itself, all of which may
in turn produce new buds, but which, in common with the original

Hydra, ultimately acquire the attributes of sexuality.

(131.) CoRYNiD^*.—Nearly related to the Hydrce is the remarkable
group constituting the genus Coryne, One of these little animals,

seen with the naked eye, looks like a very slender branching plant.

It is altogether about as thick as fine sewing-cotton, creeping along a

frond of sea-weed, or other substance upon which it grows, Hke an ir-

regularly winding thread. This creeping root sends off frequent root-

lets, which, crossing each other, appear to anastomose, maHng a sort

of network (hydrorhiza) from which free stalks shoot up here and
there, sometimes to the length of three inches or more, sending forth

polyp-branchlets irregularly on aU sides. The creeping fibre, the stalk,

and the branchlets are seen under the microscope to be tubular ; and
the two latter are marked throughout their course with close-set rings,

apparently produced by the annular infolding of a small portion of the

integument. The tube is of a yeUowish-brown colour, sufficiently

translucent to reveal a core or pith of soft substance running along its

centre and sending off branches into the polyp-branchlets, from the

end of each of which a polyp emerges in the form of a thickened ob-

long head, somewhat club-shaped, whence the name Coryne (from

KnpvvTf, a club). The club-shaped head of the polyp is studded with

short tentacles, of curious and beautiful structure. These vary much
in number ; but the full complement appears to be from twenty-five to

thirty, arranged somewhat in a whorled manner, in four or five whorls,

which, however, especially the lower ones, are often irregular and

scarcely distinct. The tentacles spring from the axis with a graceful

curve
; they are rather thick and short when contracted, but slender

when elongated, and nearly equal in diameter, except at the termina-

tion, where each is furnished with a globose head studded all over with

tubercles, each tipped with a minute bristle. The tentacles are en-

dowed with the power of free motion, and they frequently throw them-

selves to and fro with considerable energy. The whole poljqD likewise

can be tossed from side to side at pleasure.

(132.) SEETULARiDiEt.—In the Sertularian Hydrozoa, the fleshy sub-

stance of the animal is enclosed in a ramose horny sheath, which it

traverses like the pith of a tree, following all the ramifications of the

branched stem of the polypary. The latter is invariably attached by a

* Kopvvr], a club, so-called from their olub-sliaped slciu.

I' Scrtiilii, a little garland.



SERTULARID^. 67

sort of root-like expansion Qiych-orldzd) to some foreign object, such as

the surfece of a rock or shell, or to the fronds of floating sea-weed.

Their most characteristic feature consists in the i^resence of cups or

cells (hydroihecce), sessile upon the branches of the polypary ; in these

the individual polypites are lodged. The numerous and often beautiful

diversities in the form and mode of arrangement of these polyp-cells

are exceedingly remarkable, and afford excellent characters whereby

the numerous species of Sertularians are distinguishable.

The entire polypary is plant-like and frequently much branched, the

main stem either losing

itself in its own ramifi-

cations, or remaining di-

stinct throughout the en-

tire length of the arbo-

rescent colony. A good

example of the latter

mode of growth is af-

forded by the Sea-Pir

(Sertularia ciipressina)

(fig. 39), the polypidom

of which (Iiydrosoma)

may attain a height of

two or even three feet,

and bear on its branches

as many as 100,000 di-

stinct polypites. In con-

trast with this (the

largest of our native spe-

cies) may be mentioned

the delicate Sertidaria

tenella, the length of

whose slender creeping hydrosoma scarcely reaches one inch.

(133.) Zoophytes of this description are readily found on our own
coasts ; and the microscopic observer can scarcely enjoy a richer treat

than the examination of them affords. In order to study them satisfac-

torily, it is necessary to be provided with several glass troughs, of dif-

ferent depths, in which the Kving animals immersed in their native

element may be placed : in this situation, if the water be carefully re-

newed at short intervals, they will live for some time.

(134.) Besides the cells which contain the polyps, others, specially

destined to the development of the ova, exist at certain periods of the

year
; they are larger than the preceding, and of a very different shape

;

but of these we shall have occasion to speak more fully hereafter,

(135.) The stem and branches of the polypary are entirely filled with
a fleshy substance (coinoaarc) resembling in its nature the soft tissue

composing the body of the polyp, whereby all the individuals belonging to

r 2

Fig. 39.

Sertularia cupressina growing on a shell.
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Ficr. 40.

the common stock are brought into communication with each other

Internally the coenosarc seems to be hollow, and to contain a fluid, in

which numerous globules may be observed in active motion. It is from this

central fleshy substance that the buds or lateral offsets derive their origin.

The circulation of globules in the coenosarc is readily observable

under the microscope. A stream bearing along with it a multitude of

restless granules of various sizes issues from the stomachs of the poly-

pites and rushes through the cavity of the living pith, pervading every

portion of the organism. After flowing downwards for some time, there

is a pause, and then the current rushes back with great impetuosity,

and once more entering the stomachs of the polypites mingles with the

contents. A busy ferment takes place for some seconds in the diges-

tive cavity, until at length the efflux again commences. The inner sur-

face of the coenosarc is covered with vibratile cilia, which seem to be

the chief agents in maintaining the flow of the currents. Y/ithin the

buds which pullulate at certain points from the common substance and
are developed into new polypites, there is always a great aggregation of

the nutrient particles, and a remarkable activity among them. They
crowd the cavity of the nascent polypite, and supply the materials

needed for its development.

(136.) It has been ge-

nerally thought that, in

Zoophytes of this de-

scription, the living pith

excretes from its sur-

face the horny matter

which forms the tube or

external polypary; the

accuracy of such a sup-

position, nevertheless,

may well be questioned.

On referring to the dia-

gram (fig. 40), the soft

part, or living axis of

the polypary, is seen to

be contained in two di-

stinct layers : the inner

one, a (^endoderm), be-

ing continuous with the

digestive sac of the

polyp, and immediately

embracing the granular Diagram representing a section of a Sertularian zoophyte,

matter, seems to be the o, inner or nutritive layer (endoderm); ft, outer or tcgumon-

. ,
J. j> J.V,

tary layer (ectoderm) ; c, oral tentacles of the polyp; rf.p, gom-
Special seat OI the nu- niules; /, polypifom external capsule: g, polypiferous cell

tritive process ; the outer {f^ydrotheca); h, reproductive cell (gonophore).

or tegnmentary layer, h {ectoderm), after leaving the tentacula, may
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be traced down the sides of each polyp to the bottom of the cell,

where its course is arrested by a slight partition, at which point it

turns outwards, lining the interior of the cell as far as its margin,

where it is continuous with the horny matter itself. It is this

tegumentary membrane which forms by its development the entire

skeleton. As it expands, it gives origin to the cells and branches

characteristic of the species ;
and, from being at first quite soft and

flexible, it gradually acquires hardness and solidity by the deposition

of corneous matter in its substance.

(137.) The cells thus formed are inhabited by polypites resembling

Hydrae in their general organization. Protruding themselves beyond

the mouths of their cells, they inflect their bodies in all directions in

quest of prey, waiting till some passing object impinges upon their

tentacula, when it is at once seized and conveyed into the stomach with

a rapidity and dexterity almost beyond belief.

(138.) The tentacula in the Sertularian Hydrozoa are all arranged in

a single row, and form a sort of funnel-like appendage to the oral orifice

of the polypite. They are susceptible of considerable elongation and

contraction, like those of the Hydra, but in a less degree. Their

number is constant throughout the difi'erent periods of growth in each

species, but vaiies in difi'erent genera. Internally they are not hollow,

but under the microscope are seen to be divided into compartments by

delicate transparent diaphragms, giving them an appearance like that

of some Confervae
; they are throughout of equal thickness ; and no

movement of fiuids is perceptible in their interior.

(139.) In the centre of the tentacular circle may be observed a

fleshy protuberance of variable shape, which might be compared to a

proboscidiform elongation of the mouth : sometimes this appendage is

elongated into the form of a tube ; sometimes it shrinks into a globular

mass, or occasionally becomes so completely contracted as merely to

form a broad lip-like ring around the oral opening.

(140.) The stomach, as in the Hydra, is a simple cavity excavated

in the interior of the body, which inferiorly communicates immediately

with the fleshy substance (coenosarc) contained in the common polypary ;

so that the contents of the gastric cavity may not unfrequently be

seen to pass into the living pith, and in like manner the globules there

circulating to return into the stomach.

(141.) The multiplication of these beautiful zoophytes appears to

take place in three difi'erent modes :—1st, by cuttings, as in plants
;

2ndly, by offshoots, or the formation of new branches bearing polyps
;

3rdly, by Planulce capable of locomotion*.

* Tho yarioiis kinds of reproduction described in following pages are, nil of

them, with the exception of true generation from ova, merely modifications of tlie

process of .ymwa/zow or multiplication by buds ; and inasmuch as gemmation is

simply an act of growth, all tiic various forms of agamic multiplication arc like-
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(142.) The first mode btrikiugly resembles what is observed in the

vegetable kingdom ; and as every branch of the plant-like body contains

aU the parts necessary to independent existence, it can hardly be a

matter of surprise that any portion, separated from the rest, will con-

tinue to grow and perform the functions of the entire animal.

(143.) The second mode of increase namely by the formation of new
branches and polyps, seems more like the growth of a plant than the

development of an animal. We will consider it under two points of

view :—first, as regards the elongation of the stem
; secondly, as relates

to the formation of fresh cells containing the nutritive polyps. On ex-

amining any growing branch, it will be found to be soft and open at the

extremity, and the soft tegumentary membrane (^ectoderm) (above

described as forming the tube by its conversion into hard substance) is

seen to protrude from the terminal orifice ; the skeleton is therefore

not merely secreted by the enclosed living matter, but it is the investing

membrane itself, which continually shoots upwards, and deposits hard

material in its substance as it assumes the form and spreads into the

ramifications peculiar to its species.

(144.) Having thus lengthened the stem to a certain distance, the

next step is the formation of a cell and a new polyp, which is accomplished

in the following manner*. The newly-formed branch has at first pre-

cisely the aj)pearance and structure of the rest of the stalls; of the zoo-

phyte (fig. 41, i), being filled with granular matter, and exhibiting in

its interior the circulation of globules (already described)—moving to-

wards the extremity along the sides of the tube, and in an opposite

course in the middle ; the end of the branch, however, before soft and

rounded, soon becomes perceptibly dilated. After a few hours the branch

is visibly longer, its extremity more swollen, and the living pith is seen

to have partially separated itself from the sides of the tube, the bounda-

ries of which become more defined and undulating (2). The growth

still proceeding, the extremity is distinctly dilated into a cell, in which

the soft substance seems to be swollen out, so as to give a rude outline

of the bell-shaped polyp (3), but no tentacula are yet distinguishable ;

a rudimentary septum becomes visible, stretching across the bottom of

wise simply outgrowths from an original stock, and essentially resemble what
occurs during the renewal of the amputated tail of a newt or of the wanting parts

of a liydra mechanically divided. Growth may eitlier occur by simple augmenta-

tion of the Tolume of existing parts, or by the multiplication of similar parts ; and
between the ordinary growth of a mammiferous animal and the budding of a polyp

all intermediate shades of gradation may be traced.

When contemplated from this point of view, it is easy to comprehend why agamic

reproduction cannot be carried on indefinitely. In every animal, growth has cer-

tain limits
; simple growth therefore cannot suffice to perpetuate species, and the pro-

duction of an egg as a new starting-point becomes a necessity. (A. de Quatrefages.)

* Lister, Phil. Trans, loc. cit.



PROPAGATION OF SERTULARIAN ZOOPHYTES. 71

the ceU, through the centre of which the granular matter, now coUected

into a mass occupying only a portion of the stem, is seen to pass. The

polyp and cell gradually grow more defined (4, 5, e), and the tentacula

become distinguishable; the cell, moreover, is seen to be continued

inwards by a membranous infundibular prolongation of its margin

(7). As the development proceeds, the tentacles become more per-

fect (8, 9), and the polyp at length rises from its cell to exercise

the functions to which it is destined.

Fig. 41.

Diagram illustrating the mode of growth of a Sertularian polypidom.

(145.) The main feature that distinguishes the Sertularian Zoophytes

from the Hydrce seems to consist in the fact that, whereas in the latter

each newly formed offset (zooid) becomes detached from the parent

stock and enjoys a separate existence, in the former every new sprout

remains permanently adherent, the successive generations being united

into a ramified stem, which is common to the entire group. Tlie

Hydra, having no polypary or outer covering, when it dies, entirely

perishes: but in the Sertularidae, every zooid leaves its horny in-

tegument attached to the general community ; and thus, in time, there

results an elaborately branched stem, the complexity of which increases

with the age of the colony.

(146.) The third mode of multipHcation, or that by PlamdcB, seems to

be specially adapted to the diffusion of the species ; and as it presents



72 HYDROZOA.

Fig. 42.

mauy points of peculiar interest, we shall dwell upon it at some length.
At certain periods of the year, besides the ordinary cells adapted to con-
tain nutritive polyps, others are developed from diiferent parts of the
stem, termed the reproductive vesicles {cjonopliores). The cells of this
kind are much larger than the polyp-ceUs {liydrotliecm), and of very
different form

;
they are moreover deciduous, falling off after the ful-

filment of the office for which they are provided. They are produced
in the same manner as the rest of the stem, by an extension of the
tegumentary membrane (fig. 40, h), which, as it expands into the form
of the cell, becomes a horny texture ; it may be traced, however, over
the opening of the cavity, where it sometimes forms a moveable oper-
culum. The ceU being thus constructed by the expansion and subse-
quent hardening of the tegumentary membrane, it remains to explain
the origin of the reproductive germs which soon become developed in its

interior.

(147.) According to the observa-

tions of Loven, the first appearance

of the reproductive germ is a slight

elevation (derived from the central

mass (gonoblastidium) contained in

the reproductive vesicle), in the centre

of which an active circulation of nu-

tritious globules seems to be concen-

trated. This protuberance gradually

enlarges and assumes a sphericalform

;

the part whereby it is attached to the

central mass becomes constricted ; and

at the same time its cavity becomes

enlarged, and divided into several

compartments.

(148.) Upon the outer aspect of the

newly-formed germ a little spherical

body may be detected, composed of

coloured granular substance, in which

a circular transparent spot speedily

becomes perceptible.

(149.) A delicate translucent cap-

sule envelopes the parts described

above, which, after a time, exhibits at its upper and outer surface a

circle of minute elevations. This capsule Loven regarded as the body

of a female polyp, of which the Utile elevations were the rudimentary

tentacula ; and its contents manifestly constitute an ovum, enclosing a

Piu-kinjean vesicle. Several of these ova are formed in the ovarian

vesicle, presenting different degrees of development, the upper oucs

growth. In proi^ortiou as each ovum in-

Portion of the branch of a Sertularian

Zoophyte, represented diagrammatioally.

a a, internal or nutritiye layer (endoderm)

;

b b b, external or tegumentary layer {ecto-

derm)
; c, c, c, Hydriform polyps (polypitea)

;

g, g, polyp-cells (%rfro<Aec<E) ; A, i, reproduc-
tive vesicles {gonophores)

; rf, reproductive
mass (gonoblastidium), from wliich is de-
rived the proligerous gevm (j)la7iula) e : this

latter is enclosed in a polyp-hke capsule/',
called by Lov^n a " female polyp " (7iie<J«-

sifomi gonosooid\

being the most advanced ii
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creases in size, the original sacculus, which is merely a prolongation ol

the central living substance of the polypary, and which at first formed

the larger part of the germ, becomes proportionally smaller, owing

to the rapidly increasing dimensions of the ovum, and soon the vesicle

of Purkinje is no longer discoverable. Meanwhile the canal whereby

its cavity communicates with the central mass becomes elongated ; so

that its union with the common substance of the poljrpary is not de-

stroyed even when the female polyp " has burst through the external

membrane and the thin operculum of the ovarian capsule in which it

was formed.

(150.) When the ** female polyp " has thus escaped from the ovarian

vesicle of the common polypary, it has the appearance of a globular

transparent capsule attached by a short pedicle to the operculum

through which it has made its way, the orifice whereby it escaped

having closed around its stem. The tentacles are twelve in number ; and

from the circle surrounding their base, four canals may be traced, descend-

ing in the substance of the globular body to terminate in thepedicle.

(151.) On the rupture of the external membrane of the ovum en-

closed in the " female polyp," the young embryo escapes, under a form
not at all resembling that of the parent.

(152.) It presents at this period the appearance of a little worm, of

an elliptical shape, slightly flattened. Its entire surface is thickly

covered with vibratile cilia, by the agency of which it moves about even
whUe stiU imprisoned in the body of its mother, from which it subse-
quently makes its escape through the oral orifice. Generally each
" female polyp" gives birth to two such embryos, occasionally to three.

(153.) No sooner has the young larva got free than it begins to

swim about, by means of its cilia, with a xiniform gliding motion :

sometimes it turns round incessantly upon its axis, either horizontally
or in a vertical direction, at the same time varying its shape from that
of an egg to that of a pear. It is of a whitish colour, but stiU suffi-

ciently transparent under the microscope to show that it contains a cavity
filled with a coloured fluid, and that it is composed of two membranes,
whereof one, the outer, is transparent as glass, the internal slightly
opake.

^
(154.) Repeated observations render it improbable that in this con-

dition the little embryo is nourished by means of a mouth.
(155.) After swimming about for some time in the above condition,

the young creature fixes itself to some foreign body, such as a fucus,
or other marine production; its form then begins to be entirely
changed, and it is converted into a flat, circular disk, around which the
cHia, now quiescent, form a circular transparent fringe. In the centre
of its internal cavity an opake round spot makes its appearance, the
size of which is about a fifth part of that of the whole body, composed
of a mass of granules placed concentricaUy, and occupying the situation
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wlieiice the stem of the nascent polypary is to be developed. At this

point the external membrane becomes slightly thickened, and, as it

were, furrowed with vessels proceeding from the internal cavity. From

the opake central spot arises a hemispherical protuberance ; and at the

same time the central cavity loses its semicircular shape and becomes

divided into four or five irregular lobes, wliich subsequently form the

horizontal supports of the fixed polypary.

(156.) Already the whole expansion is covered with a horny layer

;

but this only becomes distinctly recognizable at a more advanced stage

of growth.

(157.) The trunk continues to rise vertically upwards, and ulti-

mately produces at its siimmit a soUtary cell, in which a nutritive

polyp is gradually developed ; and then, as growth advances, secondary

ramifications are developed, after the pattern peculiar to the species.

In this mode of reproduction, it wiU be observed, there issues from the

egg a ciliated larva (zooid). The first-formed polyp derived from this,

however, is not the result of metamorphosis, but is a true budding forth

by gemmation of a being very different from the original zooid. There

is therefore here a second formation of a zooid, a deutozooid, which

reproduces its own likeness by the budding process. The pol}T)ary

resulting from this gemmation may be caUed a compound deutozooid,

from which is derived the reproductive vesicle {cjonopliore) which en-

closes several reproductive germs (gonozooids). These last produce ova

in their interior, and thus complete the cycle of development.

(158.) In the Sertularians there exist male branches as well as

female branches upon the same polypary, the latter producing ovigerous

vesicles, whilst in the former the ova are replaced by seminal capsules

;

these almost precisely resemble the " female polyps," and are, in like

manner, surmoiinted by a circle of tentacula.

(159.) DiscoPHOKA.—The ocean, in every climate, swarms with in-

finite multitudes of animals which, from their minuteness and transpa-

rency, are almost as imperceptible to the casual observer as the Infusoria

themselves ; the existence, indeed, of some species is only indicated by

their phosphorescence, which being rendered evident on the slightest

agitation, illuminates the entire surface of the sea. AU, however, are

not equaJly minute : some grow to a large size ;
and their forms are

famihar to the inhabitants of every beach, upon which, when cast up by

the waves, they lie Hke masses of jeUy, melting, as it were, in the sun,

incapable of motion, and exhibiting few traces of organization, or indi-

cations of that elaborate structure which more careful examination dis-

covers them to possess. Their uncouth appearance has obtained for

them various a,ppcUations, by which they are familiarly known, as Sea-

jeUy, Sea-blubber, or JcUy-fishes ;
whilst, from disagreeable sensations

produced by handling most of them, they have been cnUcd Sea-nettJes,

Stingers, or Stang-fishcs. The faculty of stinging is indeed the most pro-
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minent feature iu theii' Hstory ; so that their names in almost all

languages are derived from this circumstance. They were known to the

older naturalists by the title of Urticce- marines ; and the name Acale-

PH^ given to them by Cuvier is of similar import (aKaXi'i^jt], a nettle) ;

they are, moreover, very generally called MEDtrsiE, from the long trailing

appendages possessed by some of them, which have been, not inaptly,

compared to the envenomed tresses of the fabled Gorgon.

(160.) The most ordinary examples of these beautiful organisms met

with in our climate, when examined in their native element, have the

appearance of mushroom-shaped gelatinous

disks from the under surface of which vari-

ously shaped appendages hang freely float-

ing in the water, some serving as tenta-

cula, others for the prehension of food,

while some seem simply given for ornament.

The body of one of these Acalephs or Medusae

is specifically heavier than the water of

the ocean, and would consequently sink but

for some effort on the part of the animal.

The agent employed to sustain it at the

surface, and in some measure to row it

from place to place, is an umbrella-shaped

expansion or disk, which is seen continually

to perform movements of contraction and

dilatation, repeated, at regular intervals.

By these constant movements of the disk,

the Medusa can strike with sufficient force

to ensure its progression in a certain di-

rection when swimming in smooth water

;

but of course such efforts are utterly ineffi-

cient in stemming the course of the waves.

The tentacular appendages, situated around Medusa,

the margin of the disk in such species as are provided with these organs,

are likewise capable of contractile efforts, and may in some slight degree

assist as agents of impulsion, although they are destined to the exercise

of other functions. The locomotive disk, when cut into, seems perfectly

homogeneous in its texture ; nor is any fibrous appearance easily recog-

nizable, to which its movements could be attributed ; nevertheless in

the larger species its inferior surface appears corrugated, as it were,

into minute radiating pliccc, which seem to contract more energetically

than the other portions. The substance of the body is generally entirely

soft and gelatinous, emulating, in the dcUcacy of its texture and perfect

translucency, the structure of the vitreous humour of the eye, its entire

organization apparently consisting of a transparent aqueous fluid con-
tained in innumerable polyhedral hyaline cells.
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(161.) In the Medusee the stomach or digestive cavity is excavated in

the centre of the disk, and is supplied with food by a mechanism that

differs in different species.

Many are enabled, in spite of their apparent helplessness, to seize

and devour animals that might seem to be far too strong and active to fall

victims to such assailants : Crustacea, vs^orms, mollusca, and even small

fishes are not unfrequently destroyed by them. The long tentacula or

filaments with which some are provided, form fishing-lines scarcely less

formidable in arresting and entangling prey than those of the Hydra

;

and, in all probability, the stinging secretion which exudes from the

bodies of many species speedily paralyzes and kills the animals which

fall in their way.

(162.) The umbrella-like disk of Cyanea aurita, whose anatomy haS

been most carefully studied by Ehrenberg, and which we shall therefore

select for special description, is composed of a highly organized gela-

tinous substance invested by a membranous integument, the structure

of which is by no means so simple as has been generally imagined. The

tegumentary membrane, covering the convex surface of the disk, con-

sists of a dense tissue made up of hexagonal cells containing a soft

whitish substance mixed up with little granules, and presents upon its

outer surface innumerable agglomerations of granular bodies, which are

visible to the naked eye.

(163.) The concave or ventral surface of the disk is furnished with a

Fig. 44.

Cyiinua aurita.

double investment, consisting of an outer and inner layer, the external

ot which resembles in its structure the dorsal membrane described

above, and constitutes a sort of epidermic covering. The inner layer,

which in its intimate texture likewise consists of hexagonal cells.
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encloses nothing but a number of isolated granules, clear and translu-

cent as water. The interspace between this inner layer and the dorsal

integument is considerably greater than that which separates it from

the ventral surface ; both these spaces, however, are filled up with a

clear gelatinous mass, whereia are distinguishable numerous isolated

granular bodies, of a rounded shape and of unequal size, that seem to

be aU connected with each other by fibres or extremely delicate vessels,

Fig. 45.

Anatomy of Cyanea aurila. b, b, b, b, central stomachal ca-nty, from which diverge the rnmifled
nutrient canals (d, d, d, d, d, d, d, d) and the straight tubes terminating in eicrementitious orifices
situated upon the margin of the disk. The letters a, a, a, a, a, a, a, a indicate the position of the
supposed visual organs.

and not supported by expansions of cellular membrane. The rest of
the gelatinous mass is too transparent to aUow any organization to be
detected

;
this, however, is in small proportion, and encloses the large

vessels belonging to the nutritive apparatus, immediately to be described.

(164.) The opening of the mouth is situated in the centre of the
lower surface of the disk, between the four arms suspended from that
portion of the body. The mouth itself consists of a short quadrangular
tube, from the angles of which the arras are dependent. Each arm is
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composed of a thick central cartilage, whereunto are attached two

membranous laminae, variously plaited and puckered throughout their

entire length, and moreover at certain seasons gathered into little

pouches or pockets, to be hereafter mentioned in connexion with the

generative apparatus.

(165.) Superiorly the oral aperture terminates in four short tubes

arising from its four angles ; and these, diverging, mount upwards,

supported by a cartilaginous prolongation derived from the central

supports of the arms. These four tubes evidently represent the oeso-

phagus, and lead into four ample stomachs of a subglobular shape,

which are smooth internally and lined by a special membrane, wherein

may be seen numerous little granular bodies, but no vessels.

(166.) From the above stomachal cavities proceed several large

canals that diverge towards the circumference of the disk, and consti-

tute a part of the digestive apparatus. One of these vessels arises

immediately from the dilated portion of each oesophageal tube; and

these, dividing and subdividing dichotomously, ramify towards the

margin of the disk. From each of the four stomachs three other

large canals take their origin, and run in the same direction ; of these,

the two lateral ones are simple and unbranched. but that in the centre

ramified dichotomously. These sixteen large vascular trunks, together

with all their numerous ramifications, sometimes anastomoticaUy united,

ultimately terminate in a wide circular vessel that surrounds the

margin of the disk. The nutrient canals are situated beneath the

inner membrane, described above, whereby they are partially enclosed

and supported.

(167.) Eschscholtz* describes a series of elongated granular bodies,

placed in little depressions around the margin of the disk, which seem

to be of a glandular nature, and apparently communicate by means of

minute tubes with the nutrient canals : these he regards as the rudi-

ments of a bihary system. Other observers assign a similar office to

a cluster of blind sacculi or cseca, which are connected in some species

with the commencement of the radiating tubes ; it is, however, scarcely

necessary to observe that such surmises relative to the function of minute

parts are but little satisfactory.

(168.) Prior to the publication of Ehrenberg's important researches

relative to the anatomy of the Cyanea auritaf, it was generally

believed that in the Medusae the alimentary canals were unprovided

with any excrementitious orifices; these, however, were discovered

by the illustrious Prussian observer, occupying the situations indicated

by eight dark-brown-coloured spots situated at equal distances around

the margin of the disk, and which had previously been suspected to

» System derAcalephon, Berlin, 1822.—Annalcsdcs ScienccsNjiturcllc.s, vol.xxTiii.

p. 251.

t Abhandl. dor Konigl. Akad. der Wissonsclinften zu Berlin, 1835.
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be the analogues of a biliary organ. By keeping the living Medusae

for some time in sea-water deeply coloured with indigo, and thus

caiising all the ramifications of the alimentary apparatus to become

filled with the coloured fluid, while the rest of the body remained

transparent and colourless, it appeared that, opposite each of the above-

mentioned spots, the cii'cular marginal canal into which the nutritive

tubes, radiating from the stomach, empty themselves becomes dilated

into a sort of cloaeal cavity, in which the debris of digested materials,

such as the shells of minute Conchifera, Rotifera, BaciUaria, &c.,

were easily distinguishable ; from each of these cloaeal dilatations,

canals can readily be traced communicating with the exterior; and

on irritating the living animal, it is easy to witness the discharge

of excrementitious matter through the eight marginal orifices of the

disk.

(169.) A distinct movement is frequently perceptible in the interior

of the ramifying alimentary tubes, which has been mistaken for a

circulation, but which is merely the effect of ciliary action, or of peri-

staltic movement in the walls of the intestine.

(170.) The canals formed by the ramifications of the alimentary
apparatus were observed by Ehrenberg to be all bordered by two delicate

lines of a pale red colour, which, under the microscope, are evidently

of a muscular character
; by the contractions of these, therefore, the

most important movements of the animal are accomplished. Besides
the above, moreover, other muscles are discernible. In Cyanea the disk
is surrounded by a fringe of tentacula, each of which exhibits at its

base a muscular structure
; consequently the possession of muscular

fibre may be considered a part of the economy of these animals.

(171.) It is very probable that the older writers, who speak of a
circulation of blood in the Medusas, only alluded to the movements ob-
servable in the contents of the intestinal ramifications; it appears,
however, from Ehrenberg's observations, that in the Meduste there
exist globules, which are of a uniform round shape, enclosed in distinct
vessels, wherein a kind of circulation is carried on : these globules he
describes as being colouriess, spherical, simple, and varying from^
to

^l--^ of a line in diameter.

(172.) Although the Medusa? have always been admitted to possess
considerable sensibility, no traces of a nervous system had been de-
tected in their soft and delicate tissues until Ehrenberg pointed out a
structure apparently of a nervous character. On carefuUy examining
the eight brown-coloured spots which are disposed at equal distances
around the margin of the disk (fig. 45, a, a), he found them to present a
very elaborate and remarkable organization. Each of these coloured
spots is seen, when accurately observed, to be composed of a little
button-like appendage, of an oval or cylindrical shape, attached to the
extremity of a slender pedicle, which in turn takes its origin from a
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kind of vesicle, wherein may be perceived, by means of the microscope,

a glandular-looking substance. On the dorsal aspect of each of the

pedunculated brown-coloured appendages is situated a distinctly marked

round spot of a bright red colour, supposed by Ehrenberg to be an

ocular organ, while he considers the glandular-looking substance above

mentioned to constitute a nervous ganglion. In addition to this ar-

rangement, he considers that there exist, running all along the margin

of the disk, in each of the interspaces between the marginal tentacles,

a series of ganglia of a similar character, giving off nerves to the ten-

tacula, whilst other ganglia are to be detected in the tentacular append-

ages situated in the vicinity of the oesophagus, as well as in the oviferous

cavities. In short, he states the general distribution of the nervous

matter in the Medusiform Acalephse to be as follows :—Four groups of

nervous ganglia are situated around the oesophagus in the oviferous

cavities close to the ovaria, which are in communication with as many

groups of tentacula. Upon the outer border of the disk, close to the

base of the marginal tentacles, is another series of nervous nodules,

interrupted at regular intervals by the eight brown-coloured corpuscles.

Lastly, there exists a series of isolated ganglionic masses, eight in num-

ber, situated at the bases of the supposed ocular organs, to which they

give off nervous filaments.

(173.) The so-caUed ocular organs, named by Ehrenberg unhesitatingly

" pedunculated eyes," present a very remarkable structure. Each " pe-

dunculated eye " is directed towards the dorsal aspect of the disk, and

has, situated beneath its lower surface, a minute saceulus of a yellowish

colour, but variable in its shape, wherein is contained a number of solid

crystals, clear as water, and which the action of acids proves to be com-

posed of carbonate of lime.

(174.) Not only eyes, however, but ears also are conceded by modern

naturalists to these favoured occupants of the ocean.

(175.) At the base of the margioal tentacula, or cirri, says Pro-

fessor Forbes *, there are present, in a great many of these animals,

coloured spots or bulbs ; and in some species these points are so strongly

coloured, that, from this circumstance and their magnitude, they indi-

cate the course of the animal when in motion, appearing like a circle

of gems in the water. When these bulbs are examined with the mi-

croscope, they are found to contain a smaU cavity, quite distinct from

any coloured matter that may be present ; the former is regarded by

modern naturalists as an otolithic vesicle, the latter as an ocellus, or

eye-spot,

(176.) The otolithic vesicle, which, from analogy and its pecuhar

structure, is considered an organ of hearing, is a small spherical sac,

developed in the midst of the granular substance of the bulb, and con-

taining more or fewer minute vibrating bodies. Will has described

• Monograph on tho British Nalcod-eyed Mcdusrc.
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Fig. 46.

the otolithic vessel and its contents, as they are found in Oeryonia, as

follows :
—" The auditory vesicles are seated in the course of the mar-

ginal circular vessel, in very uncertain number—usually, however, one

at each side of the larger marginal cirri. They are round, measuring -^-^

of a Hne in diameter, and consist of a tolerably thick membrane
;
they

contain from one to nine, and even more, round globules. If there is only

one, it is situated exactly in the centre of the vesicle ; but if there are

several, they are found lying together, either in two groups, or joined to

each other. I have never observed them move. Muriatic acid dissolves

them, and causes the vesicle to burst." The existence of similarly

constructed organs has been recognized in many other species by various

observers.

(177.) It was discovered by Sars*, that

certain forms of Medusge multiply their

species by gemmation, the buds being pro-

duced either from the walls of the peduncle

or stomachal proboscis, or from the surface

of the ovaries. In both cases the new in-

dividuals were similar in appearance to

their parents
; and, in one instance, provi-

sion seemed to be already made in the

newly-formed offshoots for continuing to

propagate by the same mode other indivi-

duals resembling themselves. From a cer-

tain part of the body roundish knobs grow
forth, which gradually assume the shape of

a bell, by opening themselves at the free

end, and soon present the form of young Acalephs, being merely at-

tached to the mother by means of a short peduncle, derived from the

back of the disk. These develope in themselves all essential organs
whilst still attached to the mother like the buds of a plant, until at

length, after a certain time, they separate from the parent and swim
about as independent individuals.

(178.) Professor Forbes not only confirms the above important ob-
servation of the Norwegian naturalist, but describes four different

modes of gemmiparous reproduction as occurring in that group :—1st,

gemmation from the ovaries, as noticed by Sars in Thaumantias mul-
ticirrata

;
2nd, a mode of gemmation from the pedunculated stomach,

which he calls subsymmetrical, because in this case four gemmee are
symmetrically arranged round the peduncle, one of which is con-
stantly in a more advanced condition of development than the other
three

;
3rd, gemmation irregularly from the walls of a tubular pro-

boscis—in which there is no order of development with respect to
position, individuals springing indifferently from various parts of the

* Fauna Noi'vegica.

Lizzia octopunctata.
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peduuclo (fig. 46) ; and a fourth mode, which is very remarkable, in

a new British species named Sarsia prolifera, in which the buds are

produced at the bases or tubercles of the four marginal tentacles, and

hang from them in bunches like grapes. The degree of development

is not equal in all four bunches ; and in each case buds are seen in very

various stages of advancement, from embryo wart-like sproutings to

miniature Medusas simulating, in their essential characters, the parent

animal.

(179.) The Medusae are now universally admitted to be bisexual

;

and the generative apparatus in both sexes is invariably found to be

more or less intimately in relation with the ahmentary canal : that is to

say, the reproductive organs are appendages derived from the internal or

nutritive system of the body. In both the males and females of the

great majority of genera, the testes of the former and the ovaria of the

latter are similarly disposed, and present externally precisely the same

structure, consisting of duphcatures of a delicate membrane, between

which, in the case of the female, ova are developed in great numbers,

generally of a rich orange or purple colour, so as to be conspicuously

visible. In the male, instead of ova, the generative membrane secretes

a vivifying fluid, rich in spermatozoa, and consequently easily recogni-

zable under the microscope.

(180.) In Cyanea aurita the generative apparatus of the female con-

sists of four membranous

ovaria, easily recogni-

zable on account of their

bright colour, which is

usually violet, or deep

yellow ; their form is

generally semicircular

(fig. 47); and they are

lodged in as many distinct

cavities, situated in the

immediate vicinity of the

central stomachs. Each

of these cavities com-

municates freely with

the external element by

means of a large round

or oval orifice, furnished

internally with tentacula

having suckers at their

extremities (fig. 47, d.)

The four semicircular

ovaries are each com-

posed of a simple contorted tube (fig. 47, a, h): wJicn lull ot eggs,

"Pig. 47.

1. Ovarium of C^aneti aurita.

2. Ciliated embryo after its escape.
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colour is a beautiful violet ; but when empty, or when the ova are only

partially developed, a yellowish brown.

(181.) The ova are not retained in the ovaria during the whole time

of their development, neither do they remain in the ovigerous cavity,

but escape from the orifice of the latter into the surrounding water,

whence they are again taken up by the tentacula and by the two

laminfe of the arms, andbecome lodged in little pouches formed by the

laminated margin, in which they undergo further metamorphosis and

development. These ovigerous pouches are only met with at certain

seasons, disappearing when their functions are accomplished.

(182.) The eggs are of a rounded form and covered with a smooth,

thin, membranous envelope whilst they remain in the ovary
; internally

they are filled with a finely granular mass of a violet hue.

(183.) The ova contained in the arm-sacculi are destitute of any
shell, and present themselves under three distinct forms, which are very

remarkable. Some resemble blackberries, and are of a pale violet hue
;

others have the shape of minute thick disks, likewise violet, resembling

little Medusae deprived of arms and without any nutrient canals
;
lastly,

others are met with (and these latter are the most numerous) which
have a cylindrical shape, truncated at both ends, and of a brownish-

yellow colour. The two last-mentioned forms are densely covered with
cilia, and swim about with facility ; the largest among them measure
about -g- of a line in diameter.

(184.) Siibsequently the ciliated embryos, escaping from their con-
finement, detach themselves from the cradles wherein they have been
nursed up to this period, and swim freely about in the surrounding
water until ripe for a further change in their economy; they then
settle down upon some foreign object, such as a piece of sea-weed, to

which they attach themselves by one extremity (fig. 48, 3), assuming
the appearance of a contracted Hydra, but, as yet, unprovided either
with mouth or tentacula

; gradually, however, an oral aperture and
stomachal cavity, surrounded by tentacular organs, become apparent

;

and as these progressively increase in number (fig. 48, 4, 5, 6, n), the
little creature assumes completely the polyp form, and, what is still

more wonderful, acquires in this early and, as it might be called, larva-
condition of its existence the power of multiplying itself under the
same shape, apparently ad infinitum.

(185.) This kind of reproduction is effected by the development of
stolons, fjemmm, and hulhUts from any portion of the surface of the
hydra-like animal, which in turn give origin to similar offsets (fig. 48,
12, 13, u).

(186.) The next phasis in the development of these Hydree (for such
they seem to be) is one of the most remarkable circumstances con-
nected with their history, and, were it not for the accumulated testi-
mony of numerous observers, might appear almost incredible. The

fi 2
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polyp, much in the condition represented at fig 48, ii, is immovably

fixed by its basis to the surface of a Fucus, or some similar support, in

which condition it has received the name of Hydra tuba ; in length it

is about
-I,

and in diameter -^3^ of an inch ; its surface is smooth, and

its texture altogether gelatinous ; its tentacles are movable in all di-

rections and exceedingly irritable, and its whole structure and appear-

ance, in short, that of a gelatinous polyp or Hydra. But a great

change is now in preparation : the body of the Hydriform polyp gra-

dually increases in size ; and transverse folds begin to make their ap-

pearance at equal distances, one below the other, partitioning off its

body into numerous rings or segments (fig. 48, i5).

Fig. 48.

Development of Oyanea capillata (after Sars, ' Annales des Sciences NatureUes' for 1841, plates

15 B, 16, & 17, pp. 19, 50). 1. Embryos, newly hatched (natural size). 2. One magnified,

showing infusorial condition of development. 8, 4, 5, 6. The same animal now become attached

by a pedicle, and gradually assuming the polypoid form. 7. A still more advanced condition,

showing the mouth surrounded by numerous retracted tentacula : the mouth ia dilated, exhibit-

ing four longitudinal eminences, situated in the stomachal cavity. 8. The same individual cut open

longitudinally, and spread out so as to show the longitudinal eminences in the interior: the

transverse lines are caused by the contraction of the body. 9, 10. Two polypoid organisms, with

stolons developed from the upper part of the body : in fig. 10 the stolon has become attached to the

supporting surface. 11. Fully-developed polyp. 12. Another individual gi^^ng off a stolon, from

which proceeds a second that in Hke manner gives off a third offset. 13. Stolons growing off from

the base of the polypoid Medusa, which, creeping along the sm-face of the substance to which it is

attached, give origin to new polyps, a, b. 14. Three young gemma: sprouting from the body of a

polypoid Acaleph. 15. A polypoid larva magnified (the natural size is shown at 16 o), having its

body divided by numerous transverse virinldea.

(187.) In the course of a short time the segments thus formed be-

come more distinctly separated from each other and surrounded by

marginal rays dichotomously divided at their extremities. These rays

or arms are free, having their apices directed upwards, and disposed

with such regularity that the polyi)-shaped body seems to be furnished

with eight longitudinal ribs (fig. 49, lo).

At length the difl^erent segments into which the original polyp Ims
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Fig. 49.

Transformation from the polypoid form to the Medusa condition (after Sars). 16. The

polypoid larva (16 a, natural size) in a more advanced state, now divided into segments piled upon

each other, each of which is a young Medusa, having its disk surrounded by radiating processes

bifurcated at their extremities. These segments, becoming detached one by one from the summit

of the pile successively, assume the medusiform condition. 17. Another example, during the

progress of division, in which only four segments remain, and of these the three uppermost are at

the point of separation. 17 a. A segment of the preceding, detached, now become a free Medusa

:

it is represented as seen from below, and already exhibits in its centre the square oral orifice,

round which are perceptible rudimentary tentacula, together with the radiating nutritive canals,

&c. 18. The same in a still more advanced stage, exhibiting the rudiments of marginal tentacula.

19. The same, arrived at its perfect form, furnished with its four buccal arms, now completely di-

vided and pendent, and fully proyided with the marginal tentacles of the adult.

become divided separate

from each other, so as to

form so many distinct

disks (Planulce, Dalyell),

each of which on its sepa-

ration becomes a complete

Medusa famished with

all the complicated ma-

chinery above described.

This separation com-

mences at the upper

extremity of the series

of newly-formed beings,

and is repeated, segment

after segment, towards the

base, every successive

segment as it becomes

detached, assuming an

independent existence,

under the appearance re-

presented in fig. 49, 17, a.

(188.) The little being thus liberated, the disk of which is not as yet

Fig. 50.

Young Medusa (after Sars). a, the mouth, surrounded
by the as yet undeveloped buccal arms ; 6, 6, ovaria, or testes

;

c, c, radiating nutritive canals; d, d, marginal circle of nu-
trient vessels; e, e, oculiform organs;/,/, anal aporturos
situated on the margin of the disk; g,g, rudimentary ten-
tacula.
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Fig. 51.

much more than ^ of an inch in diameter, exhibits, when magnified, the

characteristic organization of a true Medusa,—the oral orifice (fig. 50, a),

the positions of the ovaria (b), the radiating nutritive canals (c), the

circular marginal vessels (d), the oculiform points (e), the anal aper-

tures (/), and the rudimentary tentacula surrounding the disk (jjg)

all easily recognizable. The Medusa being thus far complete, its

further advance is rapid : the rays become gradually shorter in propor-

tion to the disk, the marginal tentacles are more and more developed ;

and at length the beautiful creature, complete in all its parts (fig. 49, w),

by the production of multitudinous ova gives birth to another genera-

tion, destined, during their development, to exhibit a similar series of

changes and equally wonderful.

(189.) The relationship which exists between the Medusae in their

fully formed adult condition, and the comparatively humble-looking

hydriform polyp from which they are derived, at first sight is by no

means obvious ; nevertheless an attentive examination will show that

there is a general resemblance between them. According to the now
universally received interpretation of its

morphological composition, a Medusa may
be regarded as being nothing but a free-

swimming polypite suspended from the

centre of a gelatinous disk, which constitutes

its natatory apparatus and has hence re-

ceived the name of its " swimming-cup

"

(nectocdlyx). "What we have hitherto spoken

of as the oral aperture of the Medusa must

therefore, according to this view, be regarded

as the mouth of the polypite, the endoder-

mal lining of which passes into the central

cavity of the swimming-organ,whence canals

"l-adiate to join a circular vessel surrounding

the margin of the bell. Prom this margin

depend the tentacles, which may be either hollow processes of both the

ectodermal and endodermal layers in immediate connexion with the

canal system {nectocalycine canals), or more rarely prolongations of the

gelatinous ectoderm itself. Around the outer margin of the swimming-

beU (nectocalyx), between the endoderm of the circular vessel and its

ectodermal investment, are imbedded the marginal bodies, vesicles, or

pigment-spots whose peculiar structure has been abcady described.

The outward form of the polypite thus suspended varies greatly. It

may be long and highly contractile, or so short and broad as to be with

difficulty discernible on the under surface of the swimming-bell. Very

often it is curiously constricted. The oral margin may be cither simple,

everted, or produced into lobes, which most frequently are four in num-

ber, but in some forms become much divided (figs. 49, 19, and 51).

Medusa-bud, or Gonozooid.
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The shape and size of the swimming-beR (nectocaly.v), in relation to

Fig. 59.

Pelagia noctiluca.

the polypite with which it is connected, may also vary considerably

Very generally the necto- -pjg 53

calyx forms a cup or bell-

shaped body, the open

cavity of which has re-

ceived the name of " nec-

tosac." Around the mar-

gin of the nectosac the

waU of the nectocalyx is

produced inwards, form-

ing a shelf-like membrane

called the "veil ;" and by

means of tliis membrane,

which is highly con-

tractile, the aperture of

the bell may be more or

less narrowed.

(190.) In Mhizo.ttoma

(fig. 53) the central pe-

dicle forms a complex

root-like mass, whose radicles (stoinatoclendra) end in and are covered

with minute polypitcs interspersed with clavntc tcntaculn.. This re-

EhizoBtoma Cuvieri.
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Fig. 54.

niarkable organ is suspended from the middle of the umbrella in a very-

singular way. The main trunks of the dependent polypiferous root

or stem unite above into a thick quadrate disk (syndendrium), which
is suspended by four stout piUars (dendrostyles), one springing from

each angle, to four corresponding points on the under surface of the

umbrella, equidistant from its centre. Fnder the middle of the umbrella,

therefore, there is a chamber whose floor is formed by the quadrate disk,

while its roof is constituted by the under wall of the central cavity of

the umbreUa, and its

sides are open. The re-

productive elements are

developed within radiated

folding diverticula of the

roof of this genital cavity.

(191.) In Gassiojpea

Borhonica the principal

agents in procuring nou-

rishment are numerous

retractile suckers (fig. 54,

a), terminating in small

violet - coloured disks,

which are dispersed over

the fleshy appendages to

the under surface of the

body ; the stem of each of

these suckers is tubular,

and conveys into the sto-

mach nutritive materials

absorbed from animal substances

to which they are attached during

the process of imbibing food.

(192.) The stomach (fig. 55, h) is

a large cavity placed in the centre

of the inferior surface of the disk.

Into this receptacle all the ma-

terials collected by the absorbing

suckers are conveyed through eight

large canals, and by the process of

digestion become reduced to a

yellowish semifluid pulpy matter

constituting the pabulum destined

to nourish the whole body. From
the central stomach sixteen large

vessels arise (fig. 55, c), which

radiate towards the circumference of the disk, dividing and subdividing

Cassiopea Sorbonica, opened from below : a, a, a, a, the pe-

dicle divided and turned outwards, showing the arrangement

of the suckers ; 6, 6, 6, 6, orifices leading into the generative

chambers; c, c, c, c, ovaria.

Fig. 55.

Catnopea Sorbonica. a, nutritive suckers or

polypifcn; b, common digestive cavity laid open ; c,

openings lending to the radiating canals, d, d; e,

marginal vasoulor network.
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into numerous small branches that anastomose freely with each other,

and ultimately form a perfect plexus of vessels as they reach the

margin of the mushroom-shaped body of the creature. The radiating

vessels are moreover made to communicate together by means of a

circular canal (fig. 55, e) which runs round the entire animal, so that

every provision is made for an equable diffusion of the nutritive fluid

derived from the stomach tlirough the entire system.

193. If we come to investigate physiologically the nature of this simple

apparatus of converging and diverging canals, we cannot but perceive that

it unites in itself the functions of the digestive, the circulatory, and the

respiratory systems ofhigher animals : the radiating canals, conveying the

nutritive juices from the stomach through the body, correspond in ofiice

to the arteries of more perfectly organized classes; and the minute

vascular ramifications in which these terminate, situated near the thin

margins of the locomotive disk, as obviously perform the part of re-

spiratory organs, inasmuch as the fluids permeating them are con-

tinually exposed to the influence of the air contained in the sur-

rounding water, the constant renewal of which is accomplished by the

perpetual contractions of the ^
disk itself.

(194.) TuBULAEno^ *.—

A

very beautiful famUy of Hy-
drozoic polyps, which from

their generalappearancemight

easily be mistaken for gaUy

tinted flowers, are met with

abundantly on our own coasts,

growing on shells or stones

obtained from deep water ; or

sometimes they may be found

in rich profusion covering the

sides of rocks and the under

surface of ledges a little above

low water-mark, hangingfrom

them in unsightly tufts when
the tide is out, but rising into

sudden beauty with the return

of the water, and clothingthem
with all the gaiety of a garden.

Their polyparies consist of

simple horny stems, somewhat

resembling straws fijced at one end by a thread-like expansion resembling

a root (hydrorhiza), while from the free extremity of each a flask-shaped

polypite displays its brilliant tints and exquisite structure.

* From tuhulus, a little pipe ; ho called from the structure of their polyparies.

Tuhularia indivita.
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(195.) When the Tubularia is expanded, its protruded portion is seen to

be furnished with two circles of tentacula, one placed immediately around

the opening of the mouth, the other at a considerable distance beneath

it (fig. 56, i), while nearly on a level with the inferior circle a second

aperture (fig. 56, i, a) is observable, communicating with that portion

of the body which is lodged within the tube, and resembling a second

mouth, which represents the pyloric opening of the stomach. A remark-

able action has been observed to take place in these parts of the polyp,

producing a continual variation in their shape ; a fluid appears, at inter-

vals, to be forced from the lower compartment into the space intervening

between the two rows of tentacula, which becomes gradually dilated

into a globular form* (fig. 56, 2, 3). This distention continues for

about a minute, when the upper part, contracting in turn, squeezes back

the fluid which fills it into the lower compartment through the opening

a, which then closes preparatory to a repetition of the operation. The

intervals between these actions were, in the specimen observed by Mr.

Lister, very evenly eighty seconds.

(196.) In Tubularia indivisa the sheath or waU which encloses the

polyp is perfectly diaphanous, allowing its contents to be readily inves-

tigated with the microscope. When thus examined a continual circula-

Fig. 57.

Dcrelopment of Tuhuhma from ova.

tion of particles is visible, moving in even, steady currents in the direc-

tion of the arrows (fig. 56, 1), along slightly spiral lines represented m
the drawing. The particles are of various sizes, some very minute, others

* Lister, " On tlio St ruchirc find Functions of I'ubulnr and Cellular Polypi,"

Pliil. Trnn.". iH'.ii.
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apparently aggregations of smaller ones ; some are globular; but they

have generally no regular form.

(197.) At certain seasons of the year the reproductive organs make their

appearance. These consist of numerous vesicles {gonojpliores) grouped

in clusters between the two series of tentacles, and borne on pedicles

springing from the body of the polypite. The embryo of this genus is

not ciliated, but first makes its appearance as a discoid body, from the

circumference of which short thick processes (the rudiments of tentacula)

are produced. The little disk thus produced soon swells out upon one

side, while upon the centre of the opposite side a mouth is developed,

leading into a newly formed digestive cavity. Gradually the mouth

becomes elevated on a conical prominence, around which the second

circlet of tentacles arises. In this state the embryo issues from the

gonophore and walks about by means of its arms like a cuttlefish, with

its head downwards, until after a time it attaches itself by its base, and

Fig. 58.

Tuhiilarm coronata. h, tho polypavy, or horny sheath
; c, living subatance of the animal (otho-

»arcy, rf, boundary between the polyp and the common stock; .9, tentacular arms; tentacular
zone; A mouth

; «, reproduction by continuous gemmation ; o, ovigcrous capsules or (jonophores
(After Van Beneden.) ±-

the stem is gradually developed. The power of repairing injuries in
this zoophyte is quite as remarkable as that possessed by the Hydra.
AVhen living specimens have been kept for some days in vessels of watcrj
it often happens that the polypitcs drop from their stalks. Soon, how-
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ever, now polyjDites are budded forth, each having usually a smaller

number of tentacles than its predecessor. Similar results are produced

by artificial decapitation
;
by perseveringly cutting off the newly formed

flower-like heads, from the same stalk Sir J. G. Dalyell obtained in

the course of 550 days twenty-two successive polypites.

(198.) In Tubularia coronata(&g. 59) the reproductive capsules (i^ono-

pliores) consist at first of simple protuberances derived from the body-

waU, and, like it, present two layers, the ectoderm, and the endoderm
;

gradually, as these protuberances increase in size, they become supported

each upon a separate peduncle or stalk. The distal wall of the gono-

phore next becomes thickened, so as to form a hemispherical projection

infringing upon the cavity, which in consequence becomes cup-shaped

(fig. 59, A, b).

As this protuberance still enlarges, the upper part of the cup-shaped

cavity extends between the rounded central boss and the outer wall under

the form of four canals (fig. 59, c), which run up parallel with the axis of

the protuberance bat stop short of its extremity. Their ca;cal ends

then send out lateral processes, thus becoming T-shaped, and the lateral

processes unite together so as to give rise to a circular canal uniting the

Fig, 59.

Development of Tubularia coronata. A. First appearance of a reproductive capsiUe {gmwphore)

:

a renroductire body (.pemarmm or ovarmm); 6, body-wall; c, diverticulum derived from the

somatic cavity. B. The same, more prominent and beginning to become pedunculated. C. Com-

mencine indiritation between the reproductive body a and the process c. D. The same, further

rdvaneed f Formation of the longitudinal canals. F, Q, H. I. Progressive stages m the

development of the Medusa-bud (gonozooid).

ends of the four longitudinal canals (fig. 59, D). Ultimately the whole

structure expands into the beautiful Medusa-like zooids represented in

the figure (e, f, o, n, i), furnished with a complete umbrella {nectocaJyx),

in which the radiating and circular canals are present, and an orifice
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surrounded by four tubercles representing the marginal tentacles.^ The

central pedicle, however, the representative of the polypite, is in this

case destitute of a mouth ; and although there is apparently every pre-

paration for a separate existence up to a certain point, the bud remains

enclosed in the outer envelope, while the swimming-bell is converted

into a chamber or

nursery in which the

embryo passes through

its early stages of de-

velopment, until it

escapes at last under

the form previously

described (§ 197).

(199.) In Campanu-

laria gelatinosa the re-

productive zooids at-

tain to a still more ad-

vanced state of deve-

lopment. This beauti-

ful zoophyte, one of

the commonest met

with upon our shores,

may sometimes be

found in amazing pro-

fusion spreading over

a considerable portion

of the littoral zone

—

sometimes half buried

in the mud beneath

loose stones, and some-

times covering with

its delicate forests the

sides of tidal pools

filled with the most

pellucid water. We
cease, however, to be

surprised at its abun-

dance when we ex-

amine the reproduc-

tive capsules from

which its progeny cs-

Fig. 60.

Campamdaria gelatinosa. a a, a, tegumentary skeleton, or

liorny polypary; b, b, buds {gemma:) in process of development

into polyps (poiy^jiies); c, c, e, terminal \)o\y^-ce\\s (.hydrothecce)

;

d, d', d", d'", polyps (polypUea) in different stages of p[rowth ; e,

reproductive capsule (jjonopkore) containing a medusa-bud (gono-

zooid) ready to escape ; e', another reproductive capsule {gonophore),

containing several medusa-buds {gonozooids) in various states of

development; /, living substance {cainoaarc) filling the interior of

tho homy polypary ; g., annular constrictions ofthe horny skeleton.

cape, which often

crowd the shoots, each one containing a large number of embryos

(fig. 60, e, e').

(200.) The reproductive capsules {(jonopliores)d^xo of different sexes, tho
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male capsules being much smaller than the female. Owing to the transpa-

rency of the latter, it is by no means difficult to watch the proceedings

Avithiu and to trace the development of the included young through the

different stages of their growth, represented in the appended woodcut
(fig. 61). In the description of the figures it will be seen that mention
is made of ceUs which give origin to organs of sensation. These present

the same appearance as the eyes and the ears of the lower mollusca

Fig. Gl.

Embryology of Campanularia gelatinosa. A. An ovarian vesicle (gonophore) from which an

embryo is in the act of escaping; others, in a less advanced state, are seen in the interior. B. A
detached embryo in a very early stage, showing the vitellus and blastoderm. C. Another embryo,

more highly magnified: 6, cells formed around the vitellus. D. The same, more advanced: a.

cavity enclosing the remains of the vitellus; b, elongated cells subsequently developed into tenta-

cula ; c, other cells, eight in number, which are the rudiments of the organs of the senses. D. The

same in a more advanced condition. P. An embryo at the moment of its escape from the ovarian

vesicle, magnified : a, fleshy pedicle; 6, mouth; rf, [muscular fasciculus; e, nervous ganglion;/,/,

organs of sense ; g, tentacles. G. The same as it swms in the water, presenting all the characters

of a Medusa.

and other inferior animals, and moreover present a similar organization,

being composed of two spherical vesicles enclosed one within the other.

That the young polyp possesses these organs of relation to the external

world is undeniable, although no traces of them remain wlicu the

animal has acquired its full development ; but what is still more sur-

prising, coexistent with these instruments of sense there are perceptible

a muscular system and an apparatus of nerves and nervous ganglia



EMBEYOLOGY OF CAMPANULARIA GELATINOSA. 95

which, liko the preceding, are only of a temporary character. While

the young polyp is still enclosed in its cell, two bands, apparently com-

posed of muscular fibre (fig. 61, d), make their appearance ; these

run from one margin of the disk to the opposite edge, crossing each

other at right angles, in the centre, so as to present a cruciform arrange-

ment. These bands are quite isolated, and their muscular fibres di-

stinct and transparent. By their action the margins of the disk are

approximated, enabling these little animals to imitate the movements so

characteristic of the Medusse.

(201.) Situated upon the course of the bands above described, close

to the edge of the vitelline sac, are little rounded bodies (fig. 61, p, e),

presenting an irregular and slightly tuberculated surface, considered by

Yan Beneden to be nervous ganglia. These little bodies are four in

number. No filaments of intercommunication or nervous cords have as

yet been detected even proceeding to the organs of sensation ; but the

ganglia are adherent to the muscular bands, apparently by the inter-

medium of nerves.

(202.) It may appear a little rash, says the eminent observer to

whom science is so much indebted for these researches, to speak of

muscles, nerves, and organs of sensation in the embryo of a polyp,

which at a later period presents no traces of the existence of such ap-

paratus ; nevertheless the polyp, during its free state, must necessarily

require such instruments of sense, to enable it to select a situation

adapted to the reception of the new colony to which it gives birth

:

when once it has made choice of a fit locality, such organs become as

useless as they were formerly needful, seeing that all the functions of

life are restricted to those of alimentation and reproduction. Subse-

quently the central pedicle (manubrium) acquires a mouth at its dis-

tal extremity, thus becoming transformed into a polypite, while the

natatorial organ, or "gonocalyx," enlarging, loosens its attachment and
swims freely in the sea, flapping itself vigorously about as a veritable

Medusid ; indeed there is reason to believe that a great majority of

the organisms described as Medusidoe are in reality the detached repro-

ductive bodies of other Hydrozoa. Such bodies, however, are more than

mere organs. Many of them when first liberated present no distinct

trace of generative elements, pending the formation of which essential

products their independent existence is of necessity prolonged. AU
this period they lead a very active life, increase rapidly in size, and
eagerly devour such minute marine animals as they are able to procure.

During the calmer seasons of the year they abound in our seas, but
before the approach of rough weather usually disappear, their functions

having been in all probability previously discharged.

"It would be difficult," says the Eev. Mr. Hincks*, "to exaggerate in

speaking of the beauty of these floating flower-buds, as they may well

* A History of the British Fydroid Zoophytes, by the Rev. Thomas Ilincks, B.A.
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be called. The vivid tints which they often display, the gracefulness of

their form, the exquisite delicacy of their tissues, and the vivacity of

their movements combine to render them singularly attractive. Fre-

quently they are so perfectly translucent that their bubble-like forms

only become visible in a strong light. In other cases the umbrella is

delicately tinted, while the manubrium displays the gayest colours, and

brilliant ocelli glitter on the bulbous bases of the tentacles (fig. 62).

To their other charms, that of phosphorescence is often added : they

are not only painted like a flower, but at night they are jewelled with

vivid points of light set round the margin of the bell, or one central

lamp illumines the little crystal globe and

marks out its course through the water.

Though individually minute, their num-

bers are so immense that they play an im-

portant part in the production of the lu-

minosity of the ocean. The surface of

the sea, for miles together, is often thickly

covered with them, and on still sunny

days in autumn, certain species swarm in

immense shoals. Like miniature balloons,

they remain suspended in the water for a

while; then they suddenly start into mo-
-i

' ^
-^^ T 1 , •

' *^
• £ Gronozooid: a, magnifled; 6, natural Size.

tion, propelling themselves by a series ot

vigorous jerks or casts, and at the same time contracting their tenta-

cles into the smallest possible compass ; then they become quiescent

again, and sink slowly and gracefully like parachutes to the bottom of

the vessel, some of the arms being extended laterally, and the rest de-

pendent."

(203.) In these free sexual zooids, with their contractile disks and

roving habits, which not only mature but also diffuse the seed ofnew gene-

rations, the hydroid structure reaches, as it were, its culminating point.

In a large proportion of cases, however, the gonozooid remains perma-

nently attached to the nidus whence it originated, and developes and

liberates its products in situ ;
stiU, amongst these non-locomotive zooids, a

gradation of structure is visible. A series of transitional forms connects

the simplest of them, which is a mere sac, with the more complex, which

make a near approach to the Medusa in stnicture, though not destined to

become free. Thus in the Ri/dra wo have seen the gonophore to be a

simple bulging of the body-waU, between the two layers of which the

generative elements originate ; and this, it must be remembered, is the

earliest stage of aU the more complex forms. In Con/ne the gonophore

is a distinct protuberance containing a prolongation of the general cavity

of the body enclosed by the two membranes (ectoderm and endoderm).

In other cases a membranous envelope, which is the equivalent of the

swimming-boll, and rudimentary radiating canals are superadded. In
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TuhuJaHa a still further advance is made : the gonozooid, though perma-

nently attached, is furnished with a swimming-bell in which the canals

are present, and the orifice, round which are set four tubercles repre-

senting the marginal tentacles ; the manubrium likewise exists, but is

destitute of a mouth. In this form there is every preparation for free

existence up to a certain point ; but the gonozooid remains enveloped in

the sac (ectotJieca) in which it originated, and the swimming-bell is

converted into a nursery wherein the embryo passes through the later

stages of its development.

(204.) Occasionally the development of the gonozooid is arrested at a

certain stage, and, instead of becoming free as in normal cases, it con-

tinues in connexion with the parent stock. Thus in Syncoryne the sexual

zooid is usually locomotive ; but towards the close of the breeding-season

it is sometimes met with in a depauperated condition, without tentacles

and with a merely rudimentary mouth. Though the swimming-bell

exhibits contractility, it is inefficient as a locomotive organ, so that the

zooid continues attached and does not attain a much higher develop-

ment than Tuhularia.

In such cases we have the fixed and free condition in the same species

—the former being abnormal, the result of imperfect development, but re-

presenting a perfect and permanent form in another portion of the series.

(205.) At first sight there seems to be a total dissimilarity between
the so-caUed medusa-buds and a polypite ; nevertheless the structural

affinities between them are only veiled by the modifications that adapt

the sexual zooid to a free and wandering existence. The swimming-bell
is as a mask, behind which the polypite is effectually concealed. "We
cannot wonder that the escape of the medusa-like creature was at first

regarded as a marvel and excited so lively an interest : but the medusi-
form structure is a only variation on that which we find in the polypite

;

the free gonozooid is only a polypite suspended in a contractile bell

which bears it through the water. An ordinary polypite detached and
with its tentacles united by a web for a portion of their length, would
present a structure closely resembling that of the (so-caUed) Medusa.
In fact the tubular appendages, which in the nutritive zooid are mere
prehensile organs, become in the sexual zooid connected, for the greater
portion of their length, by a highly contractile membrane, and form a
bell or disk which serves as a float and a propeller. Their extremities
remain free and discharge the office of tentacles, while an outgrowth
from the margin of the membranous bell forms the veil which partially
closes it below.

(206.) The body of the polypite is suspended, as it were, from the
centre of the dome-shaped roof of the swimming-bell, and hangs free in
its cavity, while the tentacular tubes, which form in the free zooid, as it

were, the ribs on which tho umbrella is supported, also serve as the
canals through which the nutritive fluid circulates. They communicate,

H
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Fig. 03.

like the arms of the polypite, with the cavity of the stomach, and are fur-

ther iiuited at the margiu of the swim-

miug-beU by a circular canal. This ad-

ditional structure is the only element

which has not its homologue and equiva-

lent in the polypite.

(207.) Towards the end of its course

the gonozooid sometimes loses its loco-

motive organs and passes into a state of

quiescence, and in this condition closely

resembles in all essential particulars an

ordinary polj^ite. The locomotive en-

ergy fails ; the umbrella is first reversed,

and then shrinks into a shapeless mass,

which hangs about the base of the body

and bears the tentacles streamingbehind

it. The adaptive dress which had fitted

the zooid for a free existence, and which

disguised its real aflS.nities, is cast aside,

and that which remains is at once re-

cognized as a potypite. It is during

this period of quiescence that the ova

are liberated, and the manubrium then

dissolves away*.

(208.) In conclusion, it may be well

briefly to sum xip the leading facts connected with the reproduction of

the hydroid polyps.

In each colony the alimentary and reproductive functions are respec-

tively intrusted to two distinct kinds of zooids, which may be dis-

tinguished as the nutritive and the sexual polypites.

(209.) The sexual zooids, like the flower-buds ofplants, are only deve-

loped at certain seasons, and are variously situated in the diff'erent species.

In a large number of cases they acquire a modification of structure

adapting them for independent existence, and, when mature, detach

themselves from the colony and become free and locomotive.

(210.) The free sexual zooid may be regarded as essentially a polypite

with its arms united by a contractile web so as to form a swimmiug-bell

or natatory organ. Disguised by this adaptive addition to its structure, it

has been separated from its kindred under the name of a Medusa, whilst

it is in reaUty a swimming polyi^ite. When Hberatcd, it matures and

disperses the generative elements, and, having thus fulfilled its function,

perishes. In other cases the gonozooids never become free, but, Hkc the

nutritive polyi'itcs, remain in permanent connexion with the colony.

Cuvieria carisochroma. 1. Disk seen from

above. 2. Side view.

» Rev, Thomas Hincks, British Modern Zoophytes, 1848.

Voorst.

Published by Vnn
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In this condition they exhibit many diversities, and constitute a series

of transition forms leading up to the highest, in which the provision for

a free locomotive existence is complete.

(211.) SiPnoNOPHOKA.—In other forms of the Hydrozoa, denominated

by Cuvier "Acalephes Hydrostatiques," and by modern systematists

Siphonophora, the body is supported in the water by a very peculiar

organ, or set of organs, provided for the purpose.

(212.)In the Phtsophokid^ * this consists of one or more bladders,

capable of being filled "with air at the Fig. 64.

will of the animal; these are appended

to the body in various positions, so as

to form floats of sufficient buoyancy to

sustain the creature upon the surface

of the sea when in a state of disten-

tion, but when partially empty allow-

ing it to sink and thus escape the ap-

proach of danger. In PTiysalia (fig.

' 64), known to sailors by the name of

the " Portuguese man-of-war," the

swimming-bladder is single, and of

great proportionate size, so that when
fuU of air it is exceedinglybuoyant and

floats conspicuously upon the waves.

The top of this bladder bears a crest,

c, of a beautiful purple colour, that,

presenting a broad surface to the wind,

acts as a sail, by the assistance ofwhich

the creature scuds along with some ra-

pidity ; while from the lower part de-

pend multitudinous appendages, the

representatives of the polypites, ten-

tacles, and other organs, with the names of which the reader has now
become familiar.

(213.) In Porpita

(fig. 65), the float con-

sists of a flat plate of

semicartilaginous tex-

ture (fig, 65, 2), evi-

dently deposited in

thin secondary la-

minae, which gradually

increase in size as the

animal advances in growth, the inferior being the largest and last formed
When examined after its removal from the body, this fragUo skeleton is

* <t>v(Ta, fi bladder
;
^epw, to carry := provided with swimming-bladdors or floats.

Physalia. a J, vesicular float
; e, crpst; d,

orifice ; e, nucleus ; /,/, inferior appendages.

Fig. 65.
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Fig. 66.

seen to be extremely porous or cellular ; and the pores being filled with

air, it is specifically lighter than water, a circumstance that may contri-

bute to the buoyancy of the creature, even when alive.

(214.) In Velella and Bataria, besides the horizontal lamella that forms

the whole skeleton of Porpita, there is

a second subcartilaginous plate, rising

at right angles from its upper surface,

and supporting a delicate membranous

expansion, that rises above the water

and exposes a considerable surface to

the wind, so as to form a very excel-

lent sail. To perfect so beautiful a

contrivance, in Bataria the crest is

found to contain fibrous bands, apparently of a muscular nature, by the

contractions of which the sail can be depressed or eleva,ted at pleasure.

VeleUa.

Fig. 67.

Physophora Philippii. Athorybia rosacea.

(215.) In other forms of these beautiful zoophytes the floats are very
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variously disposed. In Physopliora the common body (ccenosarc) is

slender, almost filiform, and comparatively short, terminated at its upper

extremity by a swimming-bladder (pneumatopJiore) of moderate size,

below which the greater portion of its length is occupied by a double

series of swimming-bells (nectocalyces), each alternating with its succes-

sor on the opposite side, and deeply grooved on its inner face for attach-

ment to the central stem (cce^iosarc). The distal extremity of the

ccenosarc fonns an expanded bulb, above which are disposed, in a

spiral or circular manner, the various appendages, consisting of poly-

pites, tentacles, hydrocysts, and organs of reproduction.

(216.) In Ealistemma rubrum the appendages are attached to a thread-

like stem nearly forty inches in length, having a float only three or four

lines in its longest diameter, close beneath which the swimming-bells,

about sixty in number, extend in two parallel rows for a distance of six

or seven inches. The remainder of the stem (coenosarc) is occupied by

polypites, tentacles, hydrocysts, and reproductive buds, all associated in

one continuous series—giving to this most elegant product of the ocean

the appearance of a delicate transparent garland of flowers endowed in

a marvellous manner with Hfe and activity.

(217.) Thus it appears that the Physophoridse, notwithstanding the di-

versity of their forms, are constructed in accordance with a common plan,

the differences between them being principally dependent on the relative

size and shape of the coenosarc,pneumatophore, and polyp-like appendages.

In Physalia the pneumatophore is a somewhat pear-shaped bladder of

inordinate dimensions, sometimes attaining a long diameter of eight or

nine inches, and having tentacles several feet in length attached along

its under surface, while in PhysopJiora the float is a mere rudiment,

almost lost amid the exuberance of the accessory organs.

(218.) In these organisms the entire somatic cavity may be said to

perform the functions of a nutritive apparatus ; but the true digestive

process is chiefly effected within the bodies of the appended polypites.

(219.) CALTCoPHOEiDiE*.—The beautiful organisms grouped together

under the title of Calycophoridse are met vnth in tropical climates floating

freely in the wide ocean, frail, bright, and almost as evanescent as the

sparkling bubbles that dance around them. Their body (Jiydrosoma)

consists of a long, flexible unbranched stem, to which are appended

numerous delicate fibrils, now generally regarded as the representatives

of polypites. To the upper extremity of the central stem are attached

a couple of swimming-bells (nectocalyces), but they are unprovided with

a float containing air. The bodies of these elegant productions are

sometimes so extremely transparent that their presence is discovered

with great difficiolty, even in small quantities of their native element.

They generally occur at great distances from land, nestling, as it were,

* KuXv^, a cup
;

<pepu), to carry := furnished with contractile cups or swimming-
bcllH.
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Fig. G8.

,- K

in the bosom of the suriKt sea, their whole texture being far too delicate

to encoiinter the angry turmoil of waves in the vicinity of the shore.

(220.) They swim with great facility, by forcibly

ejecting the water from the cavities of their swim-

ming-bells by rhythmical contractions of those re-

markable organs, and thus they are enabled to propel

themselves through the liquid element. "Whilst ex-

ercising this mode of progression, their long, flexible

filamentary appendages stream behind them like the

tail of a comet ; and such species as are luminous in

the dark might, by a fanciful mind, well be compared

to those celestial wanderers, as they urge on their

brilliant career among the sea-stars of the ocean.

(221.) These exquisite productions doubtless ap-

pear, at first sight, very dissimilar in aspect to the Ser-

tularian Zoophytes, which nevertheless they closely

resemble in their essential composition, as will be

rendered evident by close examination. In Diphtes,

for example (fig. 68), the type of the group, the

common body (Jiydrosomd) consists of the delicate

stem, resembling in its crystalline transparency a

filament of spun glass, to the proximal extremity of

which are attached two comparatively large mitre-

like swimming-bells (nectocalyces), to which, as they

differ slightly in shape and position, the distinctive

epithets of "proximal" and "distal" have been as-

signed. The former, which is terminal, is provided

with a conical excavation running parallel with but

distinct from its proper cavity (nectosac). Into this

excavation is fitted the apex of the distal nectocalyx

(fig. 68), in such a manner as to leave a tubular

groove with its sides arched over so as to form a canal, in which the

delicate polyp-stem (coenosarc) freely glides up and down, and into

which, upon occasion, it can be completely retracted. The coenosarc

itself dilates slightly, towards its proximal extremity, into a smaU ciliated

chamber, which, narrowing above, becomes continuous with a sac of

larger size, termed the " somatocyst," likewise furnished with cilia in

its interior. From the smaller ciliated chamber two ducts are given off,

one to the distal, the other to the proximal nectocalyx, where each com-

municates with the nectocalycine canals. Along the sides of the coeno-

sarc are placed the several appendages, consisting of polypites, tentacles,

and organs of reproduction arranged in regular series.

(222.) In large specimens, the ccBuosarc or common stem attains, when

fully extended, a length of several inches, giving support to at least

fifty distinct polypites. So transparent, however, is this delicate filament

—ic

Diphyes appendiculaia,

after Huxley.
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that its presence, even upon close inspection, is revealed only by the

bright tints of its tendril-like appendages. A touch is often sufficient

to separate it from the nectocalyces, which, from their size and firm

consistence, constitute the most conspicuous part of the organism.

Hence the origin of the generic name ''Diphyes" (Sifviis, of double

form) devised by Cuvier, who regarded the two swimming-organs as

distinct animals imperfectly united to each other—a very pardonable

error, seeing that the appended drawing (fig. 69), the only authority at

Fig. 69.

Diphyes Bory.

his disposal, has much more the appearance of two animals conjoined

than of the elaborate complexity which it really offers.

(223.) The reproduction of these remarkable structures appears to be

effected by the development of medusiform zooids formed in gonophores

derived from the individual polypites.

(224.) Ctenophokii)^*.—In the Ctenophoea, the locomotive appa-

Fig. 70.

1. Cydippe pileus: a, tentacula unfolded. 2. Supposed nervous Bystem. 3, 4. Isolated cilia.

ratus consists of narrow bands of vibratile cilia, variously disposed upon
the surface of the animal.

* KTe.k, KTf.vbg, a comb
;
tpipw, to carry ; so called from tlie comb-like disposition

of tho locomotive cilia.
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(225.) In the globular forms of the Beroes (fig. 70), these cilia are
arranged in eight longitudinal rows, and appear to be attached to sub-
jacent arches of a firmer consistence than the rest of the body. They are

generally quite exposed, but in Pandora are lodged between folds of the

skin, which, when they are not in use, close over and completely conceal

them. The motion of the cilia is extremely rapid, and sometimes only

recognizable by the currents they produce, or by the iridescent hues
that play along the arches ; hence these organisms were called by the

earlier voyagers " Fountain fishes," from the supposition that the eight

bands of iridescence gleaming along their sides were rivulets of lustrous

water.

(226.) The arrangement of the locomotive apparatus appended to

the eight longitudinal costal bands is extremely beautiful. The series

of vibratile fringes is attached to a row of minute transverse ridges,

disposed almost like the steps of a ladder, and, moreover, in their essen-

tial structure they differ very materially from vibratile cilia of the

ordinary character. In shape they are not filiform, but resemble

membranous laminae deeply fringed around their free margin, having

the shape of so many little semioval palletts. The movements of these

flabelliform appendages are very rapid, and are seldom interrupted while

the animal is in vigorous health ; the slightest contact, however, is suffi-

cient to stop them. The dilferent laminse, moreover, belonging to the

same row are quite independent of each other, and interference with

one does not produce the slightest eff'ect upon the action of the rest.

The animal, nevertheless, seems to possess the power of arresting or

controlling their motions at pleasure. It is likewise remarkable that

the vibratory movement is kept up for a very long time in fragments

separated from the rest of the body, without at aU changing its cha-

racter ; but it may be observed that, in portions thus detached, the sen-

sibility appears to be destroyed before the contractile power, inasmuch

as, after a certain time, the vibration is kept up unintermittingly in

spite of such contact as would previously have caused a suspension of

vibratory action.

(227.) The cilia, which are placed on the longitudinal ridges, are

linear-lanceolate in form, flat, and not hollow. They are not webbed

together, and have no communication with the vessels that run beneath

the ciliary ridges. Each row of cilia is mounted on a transverse base,

of a more solid texture and less transparent than the rest of the body.

The substance of this base consists of globules irregularly imbedded in

a homogeneous substance. When one of the cilia of a Cydippe is cut

off, it has of itself no power of motion ; but if the smallest portion of the

substance of its base remains attached, it moves with great vivacity.

Hence it is concluded that the ciliary motion is effected by undulatory

movements of this peculiar tissue.

(228.) Til the Beroeform Acalepha), it would seem that the vital
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principle is equally diffused throughout every part of their fragile

substance, which the slightest violence is sufficient to break up into

pieces ; indeed it is not uncommon to find the surface of the sea covered

with fragments of their bodies, on which the locomotive cilia may still

be seen in rapid action, producing, by their prismatic decomposition of

the light, a splendid iridescent appearance.

(229.) The capacious cavity that occupies almost the entire length

of the body of the Beroe, and communicates freely with the exterior

through the superior orifice, is perfectly smooth internally, and consti-

tutes a kind of wide pharyngeal sac, at the bottom of which is situated

a transverse aperture guarded by two thickened lips, the texture of

which is firmer than that of the rest of the body. These lips only come
into contact with each other near the centre of their free margins, and
consequently leave on each side a gaping orifice. The cavity that they

thus partially close is very small, and evidently corresponds to the cen-

tral stomach of the discophorous Meduste, and in like manner constitutes

a central reservoir, whence the vascular system is derived.

(230.) The digestive receptacle is filled with a fluid that is continually

in movement, and which may be seen to pass into two lateral tubes

that soon each divide into four branches, and, arriving at the surface

of the body, terminate in eight longitudinal canals that run beneath
the cilia, which latter organs, as they are in constant vibration, appear
to perform the functions of a respiratory apparatus. Prom the lateral

parietes of each of the eight longitudinal costal canals there arise an
infinite number of small vessels or transverse sinuses

;
these, after

intercommunicating with each other, are lost in the surrounding
parenchyma*. Arrived at the margin of the wide opening situated
at the extremity of the body, the eight longitudinal trunks terminate
in a transverse annular canal that communicates in its turn with two
vertical trunks much more deeply seated than the preceding vessels

:

these lateral vessels, mounting upwards, terminate in the stomachal
cavity.

(231.) The vascular apparatus above described is filled with a fluid in
constant circulation, in which may be perceived innumerable round
colouriess globules. The course of the current is directed from the
inferior vascular ring through the eight superficial canals situated
beneath the ciliated ribs towards the summit of the body, whence it

subsequently descends in a contrary direction through the two deep-
seated trunks above described into the annular vessel, thus completing
the circulatory round. The movement of the circulating fluid is tole-
rably rapid

; nevertheless no traces appear of any central organ of im-
pulsion, neither do the vessels exhibit the slightest contractHity ; in
some of the larger trunks, however, the presence of cilia is distinctly per-
ceptible, by the agency of which the circulatory current is produced.

* Milne-Edwards, Ann. dcs Sci. Nat. loiu. xvi., 1841.
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(232.) Erom the researches of Milne-Edwards, it appears that the

vascular system of the jBeroeform Acalephs communicates with the

exterior by means of emunctory canals analogous to the anal tubes

situated on the margin of the disk in Oyanea aurita, described above.

In Beroe Forskahlii, Milne-Edwards was enabled to assure himself of

the existence of two such outlets. "When the animal is fully extended,

it frequently occurs that a little ampulla suddenly makes its appearance

on one side or the other of the terminal fossa, which, quickly increasing

Fig. 71.

Beroe Forskahlii.

in size, exhibits in its interior movements of rapid rotation
;
then,

suddenly opening at its summit, it discharges its contents and imme-

diately disappears, leaving no traces of its excretory function except a

minute pore, which is easily distinguishable. These excretory ampullce

communicate with the gastric cavity that forms the central reservoir of

the vascular apparatus, and are evidently emunctories through which

feculent matters are expelled.

(233.) The body of the Beroes has generally been described as having

the form of a bag open at both ends—a mistake which is explicable

from the circumstance that, when the animal is not completely unfolded,

its superior extremity is retracted and puckered up in such a manner as

to give the appearance of a wide orifice placed opposite to that which



EYES OF LESUEUEIA. 107

occupies tho inferior extremity: this appearance, however, is decep-

tive ; for if one of these Acalophs is carefully examined while swim-

ming freely in its native element, it becomes evident that the supposed

upper orifice is only a deep cavity the bottom of which is furnished

with a delicate contractile arborescent fringe, in the centre of which

is situated a little pyriform papilla, regarded as constituting an ocular

apparatus.

(234.) This oculiform speck, which is situated immediately in the axis

of the body, presents, at its base, a globular spot of a red colour and

granular appearance, in which are contained numerous minute crystal-

line corpuscles. The whole apparatus is immediately connected with a

minute rounded mass, apparently of a ganglionic character, from which,

in some genera, filaments are distinctly seen to issue.

(235.) In Lesueuna, for example, on carefully examining the bottom

of the wide excavation that exists at the anterior extremity of the egg-

shaped animal, four mammillated processes are apparent, each occupy-

ing the median line^of one of the four principal lobes ; and in the midst

of these is seen an oculiform tubercle, situated precisely in the axis

of the body, which is remarkable for its bright red colour. It is of a

spherical shape, and presents a granular surface similar to that of the

brilliant red spots distributed around the margin of the disk in the

Medusse, which Ehrenberg designates the eyes. Immediately beneath

the ocuhform spot is situated a subpyriform body, which is apparently

of a ganglionic nature : its substance is more opaque than that of the

neighbouring tissues ; and from it proceed a great number of filaments,

apparently of a nervous character. These form four fasciculi, which
run obliquely downwards towards the inferior and external margin of

the principal lobes of the body : some very delicate filaments appear to

terminate near the base of the accessory lobes ; but the greater number
are continued as far as the row of filiform appendages situated near the

margins of the principal lobes, many of them apparently giving off

ramifications in their course. Moreover, besides the above, a small lon-

gitudinal filament may be traced along the middle of each of the ciliated

zones, which gives origin to a multitude of little filaments that are dis-

tributed in a very regular manner, in fasciculi, beneath each of the little

transverse ridges whereupon the vibratile fringes are attached, as well

as to the mid spaces intervening between them : it would even seem
that there is a little ganglion at the origin of each of these ciliary

branches ; but whether this be the case or not is doubtful. At the

upper extremity of tho body, the vertical or ciliary filaments are pro-
longed beyond the ciliated ridges, and, becoming united in pairs, run
towards the central ganglion situated beneath the oculiform spot, with
which, in all probability, they communicate.

(23G.) From the above description it will be evident that the nervous
system of Lemeuria differs widely in its arrangement from that supposed
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by Dr. Grant to exist in Gydippe*, resembling more the arrangement

of the nerves in the Tunicated Mollusca, with which the BeroVda; pre-

sent many natural affinities.

(237.) The arrangement of the generative system in the Beroiiform

Acalephae is very imperfectly understood. M. Delle Chiajef states that,

upon the inner surface of each of the eight ciliated ribs, there is dis-

coverable a longitudinal oviduct, to both sides of which 'are appended

bunches of ovules,—an observation the accuracy of which is doubted by

Milne-Edwards, who finds, indeed, on each side of the ciliated bands a

multitude of little racemose bunches, of a rose colour, having the

appearance of ovaria, but to whom it seemed that these bunches were

contained in the substance of the waUs of the body, and were simply

dilatations of the lining membranes of the subciMary vascular canals,

which, instead of communicating with a common oviduct, opened into

the vessels themselves.

(238.) From the researches of Will J, it would appear that these

Acalephs are hermaphrodite, the generative apparatus consisting of

elongated utricles, the testes being situated on one side and the ovaria

on the other. Both sets of organs are described as having a nodulated

appearance ; and from the nodulated part of each jjasses off an excretory

duct, which runs towards the mouth ; but the terminal openings of

these canals have not been made out. The embryo, however, is ascer-

tained to be developed from an ovum, and, after the usual segmentation

of the yolk, appears rudely cylindrical in its shape, with a belt of cilia

Fig. 72.

passing round the middle of its body. This soon breaks up into two

lateral groups, which eventually disappear altogether, giving place to the

* Dr. Grant's figure of the nervous system as he supposed it to bo arranged in

Cydippe pilcus, is given in a preceeding page, fig. 70,2.

t Mem. Bulla storia e notomia degli Animali aenza Vertobrc, torn. iv. p. 12.

X Ilorac Tergest. p. 38, tab. 1. figs. 22, 23.
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Fig. 73.

eight ctenophoral ciliated bands. The tentacles are at first destitute of

lateral fringes.

(239.) The Cesium Veneris (fig. 72) is nearly allied to the Beroe in

the arrangement of its nutritive apparatus, notwithstanding the differ-

ence of form. In Cesium, the digestive cavity, which is exceedingly

short in comparison with the length of the animal, passes transversely

across the body in a straight line from one side to the other, as repre-

sented in the engraving ; but the details of its structure, and the nature

of the vessels arising from it, will be best understood by a reference to

the enlarged diagram of these parts given in the next figure (fig. 73).

The mouth, i, is a rhomboidal depression, seen near the centre of the

body, between the two lateral rows of locomotive cilia, which extend from

one end of the animal to the other. From the mouth proceed two tubes,

jj, which terminate in a globular cavity common to both (these would

seem to constitute the digestive apparatus); and a straight narrow tube, o,

prolonged to the opposite margin of the body

to that which the mouth occupies, may be re-

garded as an intestine through which the resi-

due of digestion is discharged. From around

the oral extremity of the stomach, and from

the globular cavity in which the two principal

canals terminate, arise vessels, 1 1 1, which di-

verge so as to form a cone, at the base of which

they all empty themselves into two circular

canals, one surrounding the mouth, and the

other encircling the anal aperture, which

precisely correspond to the vascular rings

already described in the Beroe; and, from

these, four long vessels, or branchial arteries

as they might be termed, p p, q q, are pro-

longed beneath the four ciliated margins all

around the body. But besides these four

nutritive vessels, two others, x x, arise from

the anal ring, which run inwards towards

the centre of the animal, and, afterwards

assuming a longitudinal direction, serve to distribute nourishment to

the median portions of the animal. The caeca, or blind tubes, n n,
appended to the intestine, may possibly furnish some secretion useful
in digestion, although perhaps we are scarcely warranted in saying
decidedly that they are biliary organs*.

(240.) If a living Medusa be placed in a large vessel of fresh sea-
water, it will be found to secrete an abundant quantity of glairy matter,
which, exuding from the surface of its body, becomes diffused through

* Delle Chiajo, Memorio per servire alia storia degli Animali senza Vortebre del
regno di Napoli. 4to, 1823-1825.

uimnww ^

Alimentary apparatus of Cestiim.
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the element around it so copiously that it is difficult to conceive whence
materials can be derived from which it can be elaborated. Of the

origin of this fluid we are ignorant, although certain glandular-looking

granules, contained in the folds of the pedicle, have been looked upon as

connected with its production.

(241.) Perhaps the most remarkable property of the Medusae is their

phosphorescence, to which the luminosity of the ocean (an appearance

especially beautiful in warm climates) is principally due. We have

more than once witnessed this phenomenon in the Mediterranean ; and

the contemplation of it is well calculated to impress the mind with a

consciousness of the profusion of living beings existing around us. The

light is not constant, but only emitted when agitation of any kind dis-

turbs the microscopic Medusae which crowd the surface of the ocean : a

passing breeze, as it sweeps over the tranquil bosom of the sea, will call

from the waves a flash of brilliancy which may be traced for miles ; the

wake of a ship is marked by a long track of splendour ; the oars of your

boat are raised dripping with living diamonds ; and if a Httle of the

water be taken up in the palm of the hand and slightly agitated, lumi-

nous points are perceptibly diffused through it, which emanate from

innumerable little Acalephae, scarcely perceptible without the assistance

of a microscope. AU, however, are not equally minute : the Beroes, in

which the cilia would seem to be most vividly phosphorescent, are of

considerable size ; the Gestum Veneris, as it glides rapidly along, has the

appearance of an undulating riband of flame several feet in length ; and

many of the larger Pulmonigrade forms shine with such dazzling bright-

ness that they have been described by navigators as resembling "white-

hot shot," visible at some depth beneath the surface. This luminous-

ness is probably dependent upon some phosphorescent secretion ; but its

nature and origin are quite unknown.

CHAPTER VI.

ANTHOZOA.

AcTiNOzoA (Huxley).

(242.) It is not surprising that many members of the extensive class

upon a consideration of which we are now entering should have been re-

garded by the earlier naturalists as belonging to the vegetable kingdom,

with which, in their outward appearance at least, numerous species have

many characters in common.

Fixed in large arborescent masses to the rocks of tropical seas, or, in

our climate, attached to shcUs or other submarine substances, they throw

out their ramifications in a thousand plant-like forms. Incrusting the

bottom of the ocean with calcareous earth separated from the water
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which bathos them, they silently bmld up reefs and shoals, justly

dreaded by the navigator, and sometimes giving origin, as they rise to

the surface of the sea, to islands which the lapse of ages clothes with

luxuriant verdure and peoples with appropriate inhabitants.

(243.) Among their varied skeletons, usually known by the general

terms Madrepores, Corallines, &c., and which, from the beauty of their

structure, form the ornaments of our cabinets, few are more common

than those denominated Fungice and Meandrince—animals belonging to

the group MadrephyUcea of systematic zoologists.

These masses present upon their upper surface thin plates or laminae of

calcareous matter (fig. 74), variously disposed in different species, but in

the Fungia agariciformis, which we have selected as an example, radia-

ting from a common centre and

forming a circular mass (coral- Kg. 74.

lum) resembling a mushroom.

When living in its native ele-

ment, every part of the surface

of this stony skeleton was in-

crusted with a layer of animal

jelly, dipping down into the

interstices of the plates, and

covering the whole framework.

In the figure, the darker por-

tion indicates the living crust

;

while from the lighter parts it

has been removed, to show

the stony skeleton itself.

There are no arms or moving

parts adapted to the prehen-
^. o j> 3 J

Fungia agariciformis. The lighter parts show the de-
SlOn 01 lOOd, and no separation nuded lamellK of the corallmn; the darker portion is

of organs for the performance i^te'ided tg represent them as they appearwhen iavested
" ^ with the uvmg gelatinous flesh.

of the vital functions ; the thin

membranous film apparently absorbs the materials of its support from

the water of the ocean, and deposits within its substance the calcareous

particles it secretes, moulding them into the form peculiar to its skeleton,

which it gradually enlarges as its own extent increases.

(244.) The gelatinous investment, however, gives certain dubious

indications of vitality, and possesses a power of contraction so as to

retire between the laminae of its skeleton when roughly handled, and
thus conceal itself from injury. Upon the surface of the soft crust arc

seen a number of vesicles (indicated in the figure) which have been re-

garded as rudimentary tentacula, from the circumstance of their being

able to contract and vary their dimensions ; recent observations, how-
ever, lead to the belief that they arc cavities filled with air, serving an
important purpose in the economy of the creature—namely, that of
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preventing it from being turned upside down by the occaBional agitation

of the ocean. These air-vessels may therefore be looked upon as floats,

which, rendering the upper surface more buoyant than the inferior,

materially assist in preventing such an accident.

(245.) The reproduction of Fungia is effected by the development of

sprouts or gemmae which pullulate from the animal substance as buds

issue from the plant, and remain for some time fixed to the parent by a

species of foot-stalk, which sustains them until they have attained to

a considerable size—the young Fungiee being upwards of an inch in

diameter before they become detached. "When mature, they separate

from the top of the stony peduncle which hitherto supported them

;

and at this time the skeleton of the young Fungia, when divested of

its fleshy part, shows a circular opening beneath, through which the

radiating plates of the upper surface are visible. In a short time a

deposit of calcareous matter takes place, which cicatrizes the opening,

the marks of which, however, can be traced for a considerable period.

(246.) In the earliest period of its development, the foot-stalk by

which the young is united to the parent, as well as its radiating disk, is

entirely enveloxied with the soft parts of the animal ; but as the upper

portion spreads, and assumes its characteristic form, the pedicle is left

naked and the gelatinous coating extends only to the line where the

separation afterwards takes place.

(247.) It is generally supposed that the calcareous matter forming

the skeleton of these madrepores is perfectly external to the living

crust that secretes it, and accordingly is absolutely extra-vital and

removed from the future influence of the animal. Such a supposition,

however, is at variance with the facts above stated, and incompatible

with many circumstances connected writh the history of the lithophytous

polyps. On trying to detach the soft envelope from the surface of the

skeleton, the firmness of their adherence would render such a want of

connexion improbable—they appear to be, as it were, incorporated

with each other ; and, moreover, the separation of the Fungia from the

peduncle whereby it was joined to the parent Fungia during its earlier

growth necessarily supposes a power of removing the calcareous par-

ticles after their deposition. It is therefore demonstrable that the

earthy matter secreted by the polyp is deposited in the tissue of its

substance, and stUl remains, in a greater or less degree, subject to

absorption and removal ; of this, however, we shall have fuller evidence

hereafter.

(248.) Nearly allied to the Fungise are the beautiful stnictures known

as MeandriiKB, or "brain-stones " (fig. 75), beautiful dome-like struc-

tures which, in the full luxuriance of their growth, may attain a diameter

of ten or even twenty feet. The skeleton of Meandrina is a ponderous

hemispherical stony mass, the periphery of which is deeply grooved

with large and flcxuous sinuosities containing innumerable vortical
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Meandrina cerebriformia.

plates, and somewhat rcsembhng in their curvatures the convolutions of

the human brain.

While in a living Fig. 75.

state, the entire convex

aspect of the mass is

covered with a living

semigelatinous crust, re-

sembling in its texture

that which invests the

laminae of a recent Fim-
gia, and endowed with

similar powers. On
making a section of the

stony skeleton {Coral-

luvfi) as represented in

the figure, the manner
in which it has been constructed is at once manifest. Originally the
young Meandrina covered only the minute nucleus forming the centre
of the base ; but as the living crust went on extending and developing
itself by depositing in its own substance accumulating concentric layers
of stony material, gradually the admirable fabric expanded, presenting
throughout the same structure as that which marks its periphery.

(249.) Cortical compound Anthozoa.—The compound polyps consist
of a mass of gelatinous matter which indicates, by its power of con-
traction upon the application of stimuli, a degree of sensation, and of
a great number of polyps, or flower-Hke mouths, which spring from the
siirfaee of the common body, and are individuaHy capable of seizing and
digesting prey, the nutriment thus gained being appropriated to the
nourishment of the general mass.

(250.) Although essentially similar in their habits, the compound
polyps present various modifications of structure, which naturally causes
them to be grouped in distinct famHies. Sometimes the central common
mass is entirely soft and gelatinous, its surface being covered with
minute ceUs in which the polyps are lodged : such are the Alcyonidce.
Sometimes the common body secretes large quantities of calcareous
matter mthe same manner as the Fungia, which, being deposited in its
mtenor, forms arborescent masses, presenting upon their surface multi-
tudes of cells, generally distinguishable after the removal of the outer
crust, m each of which when alive a polyp was lodged : these form the
family of Madreporidm. The central axis is not unfrequently quite solid
and smooth upon the surface, offering no ccUs for the lodgment of the
polyps -being either composed of hard and dense calcareous substance
or else flexible and horny in its texture : such are the Corallidce or
family of coralB, properly so called. The internal central axis is more-
over, in another family, composed of several pieces united together by
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Fig. 76.

the living crust that secretes them ; and being free and unattached,

such forms are probably able to change their position at pleasure : these

constitute the family of PennatuUdce, or swimming polyps. They are,

however, all merely modifications of the same general type of structure,

although differing in certain minor points of their organization, so as to

render an examination of each form needful for our purpose.

(251.) AxcYONiDiE.—This family includes several genera, known by

the names of Alcyonium, Lobularia, Cydoniwm, &c., being characterized

by having no solid axis developed in the interior of the common body.

The Cydonium Mulleri (fig. 76) will giVe the reader a good idea of the

general appearance of one of these compound animals. The central

mass, or polypary, is entirely soft, being of a gelatinous or, rather,

subcartilaginous texture. Upon cutting into it, it is found to be inter-

sected by tough fibrous bands, and not unfrequently contains calcareous

spicula dispersed through its substance : no muscular fibre or nervous

matter has ever been detected in its composition, and its interior is

permeated by numerous wide canals variously disposed.

(252.) Few objects exhibit to the

naturalist a more beautiful spectacle

than the compound animals of which

we are speaking. When found upon

the shore contracted and deformed, it

would be difiicult to imagine that they

were really organized beings, much less

possessed of any elaborate conforma-

tion
;
yet on placing one of them in a

tumbler of sea-water and watching it

attentively, its true nature is gradually

revealed : the central mass expands

in all directions, exhibiting the cells

upon its surface, from which in time

the countless flower-like polyps are

protruded, which, stretching out their

arms in all directions, wait for the

approach of prey. A scene like this

naturally leads us to inquire concern-

ing some points of physiology con-

nected with their economy; and

several questions obtrude themselves

upon us, which, as they are applicable

to the whole group of compound

polyps, may be well discussed in this place.

(253.) That there is a community of nutrition—or, m other words,

that food taken and digested by the individual polyps is appropnated to

the support of the general body—is generally admitted ;
but is there a

Cydonium MiUleri, fully expanded.
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community of sensation, so as to render the entire mass one animal,

capable of consentaneous movements '? or is each polyp independent of

the rest in its sensations and actions ? Upon this there are different

opinions,—some regarding the whole as a single animal, each part
being in communication with the rest, and thus participating in the feel-

ings and movements of the others, whilst some consider every polyp a
distinct creature, independent of the rest. The solution of this problem
is a matter of some difficulty ; but there are several facts which may
in a measure enlighten us upon the subject. From the absolute want
of nervous filaments which might bring into commuuication distant

portions of the body, we might, theoretically, deny the possibility of any
combination of actions ; and experiment teaches us that the assumption
is correct.

(254.) K, when one of these animals is fully expanded, transparent,
and soft, any point of its surface be rudely touched, the whole animal
does not immediately shrink, but only the point where the irritation
was applied appears to feel the impression ; this part shortly becomes
more dense, opaque, and a depression is seen gradually to appear. If
the shock be severe, and extensively diffused, the contraction slowly
extends to the whole mass : the most violent local injury, indeed, seems
to be totaUy unperceived at remote parts of the body; whHst a general
shock, such as striking the vessel

which contains the expanded polyp,

produces a simultaneous contraction of

the whole*. The polyps, however,
exhibit much greater irritability than,

and their movements, from their ra-

pidity, form a striking contrast to the
languid contractions of, the central

portion : but that they have a com-
munity of life appears improbable

;

they seem to act quite independenly
of each other : when one is touched,
and suddenly retracts itself within its

^'^^^ expanded 6, partiaUy dosed,

cell, it is true that those in the vicinity will Kkewise not unfrequently
retire; but this circumstance may be accounted for by the sudden
movement of their neighbour

; for as the polyps are closely contiguous
to each other, there is no cause for urging a community of substance to
explain itf.

(255.) It has been observed by Milne-Edwards
J, in Alcyonidium.

* Professor Grant, Lectures on Comparative Anatomy. Lancet for 1833-34, vol. ii.

t Quoy et Gaimard, Zoologio du Voyage de I'Uranie. Paris 1834

Fig. 77.

Individual polyps of Cydonium Miilleri.

i2
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(fig. 78)—a genus of Alcyonian zoophytes remarkable from the circum-

stauce that its polypary, or common body, consists of two portions of

very different consistence, the upper part or trvmJc (c) being quite soft

and flexible, while the lower portion or foot (h), by which it is attached,

is of a hard and solid texture,—^that although under ordinary circum-

stances the movements of the individual polyps are quite independent of

the rest, a simultaneous contraction of the whole may be excited by

irritating the common trunk, and that to such an extent that, if the

stimulation be excessive, the whole of the soft portion of the polypary is

retracted into a coriaceous sheath aflPorded by the foot.

(256.) On making a longitudinal section of one of the expanded

polyps (fig. 79, i), the main features of this anatomy become at once re-

cognizable. The alimentary canal (c) is seen to be a cylindriform cavity

with membranous walls, occupying the axis of the upper portion of the

body, and extending from the mouth (h) to about the middle of the free

Fig. 78.

Alcvonidiunelegans (after Milne-Edwards, Ann. dea Sc. Nat. 1835, pi. 12. fig. 1). a, foreign

body to which the polyi' is attached ; 6, the hard portion, or coriaeeous foot
;
d the trunk, or mem-

branous portion of the polypary; d, polypifcrous ramihcations of ditto; the soft parts of the

Sunk completely retracted into the coriaceous stem ; /, yellow specks indicating the ova contained

in the lower portion of the polypary.

portion of the protruded polyp, where it terminates by a distinct orifice

{d). Internally, the digestive sacculus presents eight longitudinal

lines, and a multitude of minute transverse folds. Its inferior tcrmin.i-

tion becomes suddenly contracted, as though the terminal orifice were

closed by a sphincter muscle, and communicates with the wide abdominal

cavity (e) that occupies the entire diameter of the lower portion of the
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polyp, and is prolonged inferiorly into the common body of the polypary.

The calibre of the digestive tube is much smaller than that of the

animal in the centre of "which it is suspended ; nevertheless it is firmly

connected with the parietes of the polyp by the intervention of eight

delicate membranous lameUse derived from its oiiter surface (fig. 79,

1 & 3, /) and extending along its whole length. The position of these

septa corresponds vnth the intertentacular spaces ; and as by their

upper extremities they are united to the peristomal disk, they form the

walls of eight longitudinal canals which are uninterruptedly coutinuous

with the ca^dtics of the corresponding tentacula (fig. 79, i, g). These

last-mentioned appendages are completely hollow, and moreover present

on each side of their internal cavity a series of ten or twelve minute

apertures (fig. 79, g') leading into the marginal pinnules, that are of

similar structure.

(257.) Inferiorly, the eight longitudinal interseptal canals communi-

Fig. 79.

Anatomy oi Alei/onidium elegans (after Milne-Edwarda). 1. A polyp opened longitudiimUy to
show its internal organization : a, the tentacula; 6, mouth; c, alimentary canal ; rf, inferior open-
ing of ditto ; e, upper portion of the abdominal cavity

; /, longitudinal septa passing between the
parietes of the body and the walls of the digestive cavity

;
/'.continuation of the same into the

abdominal cavity
; g, canals formed between the septa, which are continuous with the interior of

the tentacula
;
g' one of the tentacles opened, showing the holes by whicli its cavity commiinicatea

with those of the marginal pinnules
; h, minute spicula situated at the base of the tentacles •

k, filiform appendages to the alimentary tube. 2. Transverse section, showing the maimer in
which the longitudinal plieaj are connected with the alimentary tube. 3. Section through the
basilar portion of the polypary.

catc freely with the great abdominal cavity (e), and the vertical parti-

tions whereby they are separated become continuous with the louo-i-

tudinal folds (/) visible in its interior. The longitudinal plicos are
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apparently of the same structure as the vertical septa of which they are

the continuations, only they are narrower, and, their inner margin being

free, they hang loosely in the abdomen of the polyp. On closer inspec-

tion they seem to bo made up of two extremely thin membranous

layers folded upon each other and continuous with the internal tunic

that lines the parietes of the body. At the point of continuity the two

laminae become slightly separated, so as to leave a little canal at the base

of each fold ; while superiorly, close to the termination of the stomach,

there is a remarkable fihform and very flexuous organ (fig. 79, i, /c),

apparently an appendage to the alimentary cavity.

(258.) As has been stated above, the common polypary in Alcyoni-

dium consists of two portions differing widely from each other in tex-

ture, forming the trunh and the foot. By dissection it becomes imme-

diately apparent that the softer portion, named the trunk, is made up of

membranous tubes disposed longitudinally parallel to each other, and so

closely connected together that it is difficult to separate them. The foot

of the polypary is essentially nothing more than a continuation of these

same tubes modified in structure : those situated near the centre of the

stem have their walls only slightly thickened ; but those placed near the

periphery acquire a more solid consistence, from having their parietes

incrusted with innumerable fusiform spicula composed of carbonate of

lime imbedded in a cartilaginous substance ; these are arranged longitu-

dinally (fig. 79, 3), and give to the stem its solidity and peculiar aspect.

Near the circumference of this portion of the polypary longitudinal

fibres are perceptible, which appear to be the remains of tubes atrophied

by compression (fig. 80, 3, a).

(259.) The tubes thus united in fasciculi are evidently analogous to

the cavities into which the polyps of Alcyons, Corals, &c., are retracted

:

these have generally received the name of " polypiferous cells;" and

some authors consider them as being quite distinct from the animals

inhabiting them : in the zoophyte under consideration, however, a very

superficial examination is suffi-cient to prove that they are reaUy merely

continuations of the bodies of the polyps themselves, no line of demar-

cation being distinguishable between them. It is not, therefore, into

polypiferous cells that these little flower-like creatures retire, but be-

come retracted into their own bodies by a species of invagination ; and

the entire polypary which seems to afford them lodging is nothing but a

mass formed by the aggregated tubes of all the polyps belonging to it.

(260.) It appears to be pretty generally admitted that among the

aggregated polyps nutritive material swallowed by one individual goes

to the sustenance of the general community—an opinion seemingly based

upon observations made upon certain Sertularian species : but that a

similar community of nutrition exists in the Alcyonidct remained, prior

to the researches of Milne-Edwards, an unsolved question ; neither was

any thing known precisely as to the relationship existing between these
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aggregated beings ; or even admitting, from analogy, the most intimate

union, it was difficult to conceive how nutritive matters were conveyed

from one polyp to another, whether by simple imbibition or in any other

manner.

(261.) In order to solve these questions so far as relates to the Al-

cyonidium under consideration, Milne-Edwards, by means of a snaall

glass tube having its end dravm out fine in the flame of a lamp, in-

jected a coloured fluid into the abdominal cavity of one of the polyps,

and found that the injection immediately passed into the abdominal

cavities of the polyps around; consequently the nutritive substances

swallowed by any individual can be distributed among the dilferent

members of these remarkable colonies, so that food taken by one may

nourish the neighbouring animals.

(262.) On cutting one of these polyps open under a magnifying

Fig. 80.

Anatomy ofAlcyonidhim elegans (after Milne-Edwards). 1. One ofthe branches of the polypary
opened to show the communication which exists between the abdominal cavity of the principal

polyp and the interior of the young ones sprouting therefrom : the apertures, it will be observed,

are always in the track of the longitudinal ovarian folds. 2. Lower portion of an ovarian fold

detached from the walls of the abdominal cavity to show the manner in which the ovules or gemmce
are developed. 3. A portion of the foot, or basilar portion of tlie polypary : a, membranous tubes

;

6, spiculaincrusting this portion of the polypary. 4. A spiculum magnified.

glass, it is easy to explain how this intercommunication is effected : it

then becomes apparent that some of the animals, as described above,
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torminato in tubular prolongations, whereof the general substance of

the polypary seems to be made up
; others, however, sprouting im-

mediately from the parieties of the former, have their internal cavity

continuous with that of the larger central polyp, so that a free com-
munication is kept up between them (fig. 80, i), the whole forming a

sort of ramified tube, or an animal having one body and one central

stomach, but furnished with many heads and as many mouths.

(263.) The development of these secondary polyps is effected by a

simple process of gemmation. A tubercle makes its appearance upon

the surface of the primary animal, which looks at first like a little

coecum appended to the integument, having no oral aperture, but com-

municating freely, by means of its central canal, with the abdominal

cavity of its parent. When arrived at a more advanced stage of de-

velopment, the tentacula make their appearance and the alim.entary

canal becomes distinguishable, so that the young animal soon becomes

an exact representative of the original from which it sprung.

(264.) But here it is necessary to observe that this kind of vege-

tation does not take place indiscriminately from any portion of the

tegumentary surface of the polyp. The reproductive gemmae are only

formed immediately over the track of one of the eight longitudinal

membranous lamellae above noticed (fig. 80, i), so that the apertures of

communication between the newly formed polyps and the original are

always so placed as to interrupt the course of one of these folds.

(265.) It is not, however, only by the development of buds that the

reproduction of the Alcyonidium is effected. These animals likewise

produce ovules or gemmules adapted to spread to a distance their

sedentary race ; and it is worthy of remark that the same organs from

which the gemmEe above described derive their origin, perform the

functions of the ovaria of higher animals.

(266.) It is in the longitudinal membranous folds above described

that the reproductive gemmules are developed (fig. 80, 2), which, as

they increase in size, become pedunculated, and ultimately fall oflP into

the abdominal cavity, whence they easily escape through the mouth of

the polyp.

(267.) The intestiniform convoluted organs (fig. 79, 1, Tc) situated

beneath the alimentary cavity are, from what has been stated above,

evidently not the ovaria, seeing that the ova are formed elsewhere

;

neither, from the simplicity of the stinicturo of the reproductive ap-

paratus, can they be regarded as male organs destined to fertilize the

ova ; so that, upon the whole, it seems most probable that they repre-

sent hepatic vessels.

(268.) When the polyps are expanded, their mouths are frequently

seen to dilate and take in the surrounding Avater, which, together witli

such alimentary substances as may be suspended in it, penetrates into

the digestive canal, and through this passes into the general cavity of
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the abdomen, whence again it mounts up into the tentacula through

the eight canals that surround the alimentary tube. It results from

this arrangement, that the thin and variously folded membrane com-

posing the bodies of these animals is bathed throughout with the water

required for respiration, and that all its internal surface is placed in

contact with the nutritive matters more or less elaborated in the stomach.

(269.) On seeing the same animal producing sometimes buds or

gemmte, and sometimes ova, Milne-Edwards was led to inquire into

the cause of this difference, which he believes to be of a mechanical

nature. In. those parts of the polyp which are not yet imprisoned in

the growing mass of the polypary, reproduction is generally effected by

the development of external buds, while towards the base of the

polypary, where the constituent zoophytes are intimately united to-

gether by their outer surface, and are surrounded by a sort of sheath,

no external buds are formed, but the ovules make their escape into the

internal cavity of their parent. Hence the distinguished zoologist

whose memoir we quote is led to infer that, on the one hand, the

mechanical obstacles to be encountered, and on the other the excite-

ment occasioned by the contact of the surrounding element, determine

this difference of procedure, and that the membrane which performs

the functions of an ovary produces indifferently either ova or gemmae,

according as it finds less resistance or is more stimulated upon the inside

or the outside of the abdominal walls.

(270.) From the above details it becomes easy to explain how a

single polyp by its reproductive powers can form the complicated mass

of the compound polypary of the Alcyonidae, as well as the means

whereby an organic continuity is established between aU. the individuals

of the community, also how the abdominal cavity of the primitive

zoophyte becomes common to all the yoimg ones that sprout from it

—

in short, how the little beings thus united together rather resemble a

multiple animal than an assemblage of distinct individuals. But with

the advance of age this intimate union gradually ceases. The com-
munication between the abdominal cavities of the different polyps,

whose basal portions reach as far as the foot of the polypary, is first

of aU interrupted by the ova with which the lower part of these

cavities becomes filled (fig. 79, 3) ; and subsequently, by the pressure of

the surrounding parts, the waU. becomes confused, and aU communica-
tion between the polyp whose abdominal tube is thus obliterated and
the polyp from which it sprung is intercepted. The polypary, instead

of resembling a tree, aU. the flowers of which hold together and com-
municate by common parts, may now be compared to a bouquet made
by cutting off the more or less branched twigs of a plant and collecting

them in a bundle. The different groups of polyps united in the same
polypary become thus independent of the neighbouring groups, and, as
may readily bo conceived, in time each polyp can become individualized.
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(271.) In the Alcyons properly so called; a vascular system is very

distinctly developed ; and in Alcyonium stellatum, more especially, M.
Milne-Edwards was able to study it with facility. In this species

(fig. 81, i)ho was enabled to detect, upon the parietes of the abdominal
cavity of the polyp, a variable number of minute apertures irregularly

dispersed, which are in immediate communication with a system of

capillary canals that traverse in all directions the spongy portion of

the polypary, formed by the external tunic of its component animals
;

for in Alcyonium it is very easily seen that while the internal tunic

lines the abdominal cavity of the polyp, the external layer, instead of

Fig. 81.

.3

1 2

1 & 2. Sections of Alcyonium siellaium. 3. Ovigerous membrane of the same, isolated.

being confounded with the former, as in the protractile portion of the

animal, becomes perfectly distinct from it where it begins to enter into

the composition of the polypary, at which point its thickness is con-

siderably augmented, its texture spongoid, and in its substance are de-

posited a number of irregular crystals, composed of carbonate of Hme

mixed with a little colouring-matter. In the tegiimentaiy mass thus

formed the vascular canals ramify, anastomosing freely among them-

selves, so as to constitute a vascular network. These vessels are formed

of very attenuated membrane of a yellowish coloui-, which is continuous

with the internal tunic of the polyps, and is perfectly distinguishable

from the dense tissue with which it is surrounded. The distribution

of these canals is best displayed by cutting a thin slice of the mass of

the Alcyon, and removing the crystals with which it is filled by im-
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mersioii in some dilute acid ; it is then seen tliat the canals are most

mmierous and of the largest size towards the extremities of the branches

of the polypary, and that they establish frequent communications be-

tween the abdominal cavities of the different polyps of the Alcyon.

The fluids with which their bodies are filled must thus necessarily

circulate in the entire mass of the polypary ; and if each of the polyps

has, on the one hand, an individual sensibility and a distinct digestive

cavity, on the other there is a vascular system common to them all.

(272.) The Alcyons, like the Alcyonides, are reproduced by ova,

which are formed in membranous ovaria of precisely similar construc-

tion—and also by gemmae, which are developed around the preexistent

polyps, and thus augment indefinitely the number of individuals united

upon one stalk. There is, however, a very important difference ob-

servable between these two genera of zoophytes, in other respects so

similar. In the Alcyons the abdominal cavity of the young polyps is

not directly continuous with the abdominal cavity of their parent, and

it is only by the intermedium of the vascular system, described above,

that they are placed in communication with each other—a modification

which depends upon a difference in the mode of formation of the repro-

ductive gemmae. When an Alcyon stock is about to put forth a new

branch, the spongy part of the polypary (that portion which is formed

by the external tunic of the polyps, and permeated by the vascular

network) begins to increase in size at some determinate point of its

periphery, and soon produces a tubercle of greater or smaller size, into

which the vessels spoken of above are continued, and form numerous

anastomoses with each other. At this early period of development the

new branch presents no trace of polyps ; but its vascular tissue is never-

theless already studded with calcareous crystals, and exactly resembles

that situated in other parts of the common mass, between the abdominal

cavities of the adult polyps ; it must therefore necessarily be traversed

by the currents which circulate in the general vascular system. On
dissecting one of these newly formed branches, the vestiges of young

polyps may be distinguished ; and if the sprouts examined are still

further advanced, it is easy to distinguish the young animals within,

already possessing the form they will afterwards exhibit, but having

not yet established a communication with the exterior (fig. 81, i). At
length, however, this communication is effected ; the newly formed polyp

only differs from the preexisting ones in its small size ; and as it grows,

its increase causes the enlargement of the polypary. In this case it is

very evident that the part which gives birth to the reproductive gemmae

is no portion of the individual polyps of the Alcyon, but is common
to them aU. The generative tissue surrounds these little beings with

a sort of living sheath, and produces in the interior of its own substance

new polyps, quite independently of those previously in existence. These
polyparics might therefore be compared to a sort of common ovary, the
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products of wMch are never completely individualized, but remain per-
manently lodged in its substance, and minister to the support of its

existence and the aggrandizement of its tissue,

(273.) This singular mode of reproduction, M. Milne-Edwards ob-
serves, seems at first sight to be very different from that observed in

the Alcyonidium; but on reflection a considerable analogy may be
traced between them. In Alcyonidium the internal tunic of the ab-
dominal cavity fulfils the functions of an ovary, and produces at deter-

minate points both gemmae and ova; in Alcyon, on the contrary,

while the internal membranous layer gives birth to ova, the gemmae are

developed elsewhere, from the canals which permeate the common mass.

But the membrane which forms these canals, and which is the seat of

this kind of vegetative reproduction, is merely a continuation of the

internal tunic ; and hence it is easy to understand how it may fulfil

analogous functions,

(274.) MADREPOEiDJi;,—Were we to imagine one of the Alcyonidae

capable of secreting not merely the calcareous spicula that are mixed

Fiff. 82.

Stony corallum of Madrepore.

up with the softisr portions of its body, but abundant quantities of car-

bonate of lime, which, being stored up in the centre of its substance,

should form a dense calcareous axis incrusted with the uncalcificd part

of the living animal, and perforated at its surface so as to form innu-

merable cells or lodges adapted to contain the polyps tliat provide

nourishment for the common mass, we should havo a good general idea
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Fig. 83.

of the structure of the tribe of polyps that next comes beneath our

notice (fig. 82).

(275.) The shallower parts of the tropical seas contain countless

forms of madrepores, known to us, unfor-

tunately but too often, only by detached

fragments of the earthy skeletons which

the beauty of their appearance in-

duces the mariner to bring to our shores.

These calcareous masses generally assume

more or less an arborescent appearance,

spreading to a considerable extent, so as

to cover the bottom of large tracts of the

ocean ; and not unfrequently they play au

important part in producing geological

changes, which are continually witnessed

in the regions where they are abundant.

(276.) In the hot climates in which the

saxigenous corals abound, they are found

to frequent shallow bays and sheltered

spots, where they can enjoy the full in-

fluences of light and air, unexposed to the

agitation of the ocean, which, were it to

beat continually upon them, would infal-

libly destroy their delicate substance : in
, . . . T . T ^ One of the Polyp-cells magnifled.

such Situations, the submarine rocks be-

come gradually incrusted with the calcareous skeletons which they pro-

duce ; and if undisturbed, in the lapse of years successive generations

wiU of course deposit such large quantities of calcareous matter as to

form beds of considerable thickness.

That there are at the bottom of the

ocean bold and precipitous clifi's, rising

from a depth of 1000 or 1200 feet,

their broad tops approximating to the

surface of the ocean, every one will

admit, without having recourse to the

labours of madrepores to account for

their formation, although the sheltered

portions of the summits of such moun-

tain-ridges afford an eligible position

for their increase. In such situations,

therefore, they accumulate, and slowly

deposit continually increasing masses of earth upon the brow of these

submarine mountains, until at last the pile approaches the surface of

the sea, and even, at low water, remains uncovered by the waves. The
further elevation of the rock, as far as the polyps arc concerned in its

Fig. 84.

Living madrepore, representing some of
the polyps protruded from their cells.
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Fig. 85.

construction, here ceases ; but a variety of causes tend gradually to

heap materials upon the newly appealing island : storms, which tear up
the bottom of the sea, perpetually throw to the surface sand and mud,
which becoming entangled among the madrepores, and matted together
with sea-weed, form a solid bed over which the waves have no longer
any power. The circumference of the islet is perpetually augmented by
the same agency

: sea-weeds and vegetable substances, cast upon it, by
their decay cover its top with vegetable mould ; and if its proximity to

other land permit the united action of winds and currents to bring the

germs of vegetation from neighbouring coasts, they take root in the fresh

soil, and soon clothe with verdure a domain thus rescued from the ocean.

(277.) CoBALLiD^.—The Corallidse are compound polyps of appa-
rently more perfect organisation than those forming the last family.

The polypary or central axis, which

supports the external or living crust, is

solid, without cells, and variously

branched—the larger species resem-

bling shrubs of great beauty, fre-

quently coloured with lovely hues,

and studded over their whole surface

with living flowers ; for such the

polyps which nourish them were long

considered even by scientific observers.

The central stem of these zoophytes

differs much in its composition in

different families, sometimes being of

stony hardness ; in other cases it is

soft and flexible, resembling horn ; and

not unfrequently it is formed of both

kinds of material ; it is, however, al-

ways produced by the living cortex,

which secretes it in concentric layers,

the external being the last deposited.

(278.) The example which we shall

select for .special description is the

coral of commerce, Corallium ruhrum

(fig. 85), from which we derive the

material so much prized in the manu-

facture of ornaments.

(279.) The red coral is principally obtained in the Mediterranean.

When growing at the bottom of the sea, it consists of small branched

stems, incrusted with a soft living investment of a brilliant red colour,

by which the central axis is secreted, and studded at intervals with snow-

white polyps possessing eight fringerl arras, and capable of being con-

tracted into colls contained in the fleshy covering, but not ponotrating the

A portion of Red Coral ( Corallium rubrum)
showing the living cortei and exi^anded
polyps.
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Fig. 86.

stem itself. The skeleton or polypary of the coral is of extreme hard-

ness, and susceptible of a high polish—a circumstance to which the

estimation in which it is held is principally owing. But in other genera

of this family, the central axis, instead of being constructed of calcareous

matter, is formed of concrete albumen, and resembles horn both in ap-

pearance and flexibility ; such are the Gorgoniae of the Indian Ocean.

In the Ists hippuns (fig. 86, b) the central axis is alternately composed

of both these substances, exhibiting calcareous masses united at intervals

by a flexible material, allowing

the stem to bend freely in every

direction. The object of such

diversity in the texture of the

polypary of the Corallidse will

be at once apparent when we

consider the habits of the dif-

ferent species. The short and

stunted trunks of Corallium,

composed of hard and brittle

substance, are strong enough to

resist the injuries to which they

are exposed ; but in the tall

and slender stems of Gorgonia

and Isis, such brittleness would

render them quite inadequate

to occupy the situations in

which they are found, and the

weight of the waves falling upon

their branches would continu-

ally break in pieces and destroy

them ; this simple modification,

therefore, of the nature of the

secretions with which they build up the skeleton that supports them
allows them to bend under the passing waves, and secures them from
otherwise inevitable destruction.

(280.) Upon making a transverse section of one of these polyparies

(fig. 86, a), the solid axis is distinctly seen to be made up of layers

arranged in a somewhat undulating manner around the centre, and
successively deposited by the living cortex : the growth of the stem, in

the harder species at least, is very slow, and several years are neces-

sary to its maturity,—a circumstance which has rendered it needful to

impose strict laws forbidding the Mediterranean coral-fishers to disturb

too frequently the same localities, which are only visited at stated
periods.

(281.) The deposition of solid matter in the soft bodies of these polyps
is not confined to the production of the central stem, but in many oven

A, transverse section of Gorgonia verrucosa.

B, longitudinal section of Isis hippuris, exhibiting
the skeleton and fleshy crust.
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of the Keratoijhyta* cretaceous particles are extensively diffused througli

the cortex, which not unfrcquently is likewise gorgeously colourrid. In

Fig. 87.

Portion otisis hippuris from a dried specimen, a few of the branches partially covertd with the

coloured cortex.

the Gorgonice, a section of one of which {Gorgonia verrucosa) is repre-

sented in fig. 86, A, the earthy matter in the crust is so abundant, that

even when dried it wiU retain in some measure its natural form and

exhibit the tints peculiar to the species.

(282.) The structure of the individual polyps of the Corallidse resem-

bles that of one of the polyps of the Alcyonidae abeady described ; and

the prey obtained by each goes to the support of the general mass.

The living cortex is traversed throughout by vascular tubes : some

very regularly disposed and relatively of large size, form a deep layer

of parallel tubes situated close to the axis or central stem ; the others, of

smaller size and very irregularly disposed, form an irregular network

in the substance of the cortex : these sets of vessels are connected by

numerous anastomoses. The nutritive fluids, after elaboration by the

polyps, pass through the irregular network and are conveyed into the

larger deep-seated parallel tubes : the nutrientfluid contained in these

tubes resembles milk so much that it is known by the name of cornl-

millc. There is no aquiferous system. Sometimes a given colony con-

* An old name for polyps with a horny axis (Kvpas, horn
;
^vrbv, a stem), ai

distinguishing them from the stony polyps

—

LUhoph/ia {Xtdos, a stone
;
^vtop).
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sists of males only, or females onlj'' ; sometimes iudividuals of the same

colony are some of them males and some females ; and in the latter case

one branch may bear male, and another female polyps. Sometimes the

same polyp may be of both sexes, presenting a true hermaphroditism.

(283.) The generative organs are situated in the general cavity of the

body, and more especially in the vicinity of the intestiniform folds,

towards the lower part of wliich are packets of more or less prominent

corpuscles, which are pedunculated, and soon reveal themselves either to

be ova or testes. Eeproduction takes place in spring and summer, but

not in winter.

(284.) On cutting a polyp longitudinally, it is easy to see floating in its

general cavity little bodies, wliich are the testes, suspended by slender

filaments derived from the lamellar septa ; these testicular masses are

ovoid or spherical, reniform or triangnilar, of a white colour, and some-
what transparent. Their number varies with the season, being large

and numerous during the breeding-time, sometimes filling up the somatic

cavity
; they appear to be developed in succession, and do not all arrive

at maturity simultaneously. Each testicle is a capsule, consisting of a

distinct wall containing a cloudy fluid of a bluish tint, resembling
mucilage, in which are suspended spermatogenous cells and free sper-

matozoa, which appear very active under the microscope.

(285.) The ova are very numerous : they arise near the intestiniform

organs contained in the margin of the septa, to which they are attached by
short peduncles. The ova present the usual structure, consisting of an
outer envelope (the vitelline membrane), a plastic fluid containing nume-
rous granules, a yelk (vitellus), and a transparent vesicle, in which is

Been the germinal spot.

(286.) At the moment of fecundation the male polyps pour from their
mouths a whitish fluid, which sinks gradually in the surrounding water,
forming a whitish cloud that becomes more and more inconspicuous as
it extends : if a little is collected and examined under the microscope, it

is found to swarm with spermatozooids
; nothing therefore is more easy

than for this impregnating cloud to descend among the female polyps,
which in this manner become impregnated.

The impregnation of the ova takes place not only in the somatic cavity
of the female polyps, but in the ovary itself, as eggs may be found still

suspended by their pedicles that have become fertilized.

(287.) It is impossible to determine exactly the duration of gestation in
the coral polyps, as it is unknown at what period the ova break loose
and commence their evolution ; there is, however, reason to suppose that
it is about a month. Even when weU developed, the larvte are retained
for some time in the somatic cavity of the female parent.

(288.) It is through the mouth of the mother that the larvae are dis-
charged, not, as Cavolini supposed, through any special orifice. The larvre
at the period of their escape resemble minute maggots covered all over witli

K
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cilia, with which they swim freely through the water in search of a rest-

ing-place where to settle down and begin the foundation of a new colony.

(289.) PENNATTTLiDiE.—This fa-
j^.^ gg

mily belongs likewise to the divi-

sion of cortical polyps, and agrees

with the last two in most points,

the principal distinction consisting

in the character of the internal

axis which supports the body. In

some species this part is reduced

to a ligamentous mass, inter-

spersed with calcareous granules

;

but in the most typical forms the

skeleton consists of several pieces,

capable of moving upon each other.

The whole animal in such cases

resembles a feather, the stem sup-

porting lateral branches, upon

which the polyps are arranged.

From the circumstance of these

compound animals being unat-

tached to any foreign support, they

have been supposed to be capable

of swimming at large in the sea

by the voluntary movements of

their articulated branches—a fact

strongly contested by many mo-

dern zoologists ; but as we can say

nothing from our own observation

upon this subject, we must leave

the question open for future investigation,

phosphoric.

(290.) Ttjbipomdje.—We have now to speak of a group of polyps very

different in their construction from those which have been described.

Instead of incrusting an internal solid skeleton, the Tubiporidae are

enclosed in a calcareous sheath or tube, from the orifice of which the

polyp is protruded when in search of prey.

(291.) The TuUpora musica (fig. 89) is the species which has been

most carefully studied ; and the details connected with its organization

will be found of importance, as affording a clue to the investigation of

other forms. The Tubiporse live in society, but do not appear to be

organically united as the compound polyps are. A colony of these

animals presents several stages of tubes, placed one above another (fig.

89): the tubes are generally straight, and nearly parallel to each other,

but appear slightly to diverge as if radiating from a common centre
;
they

Pennatula.

Many species are eminently
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^4
Tubipora musica.

are separated by considerable intervals, and reciprocally support each

other by hoi'izontal laminas of the same substance as the tubes themselves,

which unite them. Prom each tube a

polyp is protruded, of a brilliant grass-

green colour, sometimes of a lilac or rose .^i^j^^V^'^^^i^*^^
tint, the mouth being surrounded by

eight tentacles, which are furnished along

their edges with two or three rows of

minute fleshy papillae.

(292.) The visceral cavity is long,

tubular, and contains eight fleshy lamellae

(fig. 90, 1, e). These lamellae aid, by

their muscles, both in the contraction and

expansion of the polyp. The stomach

is very short compared with the whole

length of the visceral cavity, and, as in

the Alcyonium figured above, is connected

with the sides of the cavity by the visceral

lamellae.

Six of these lamellae, in a specimen

examined by Dana, were spermatic, being bordered below by a white

convoluted cord, while the other two gave origin to large clusters of milk-

white ovules, which occupied nearly the whole diameter of the cavity.

These ovules were of various sizes, and spherical in shape, or nearly

so. Some observers have found all the lamellae bordered with white

filaments ; and others describe them as all bearing clusters of ovules.

In these instances it would seem that the sexes are distinct, in one case

the animal being male, in the other female. The ovules have been seen

to escape by the mouth ; and this therefore appears to be the general

i mode of parturition in all the Actinoid polyps.

(293.) At the point where the ovigerous lamellae reach the tentacles

a membrane is observable (fig. 90, 2, d), which assumes the shape of a

fiinnel when the animal retires into its shell ; and at the open end of

the funnel the membrane is seen to fold outwards and become continuous

with the calcareous tube (fig. 90, i, b) ; its inner surface, indeed, is pro-

longed under the form of a thin pellicle over all that part of the interior

of the tube which is inhabited by the polyp, terminating at a kind of

diaphragm composed of the same hard substance as the tube itself. The
remains of these diaphragms are found in the interior of old tubes at

various distances from each other (fig. 91, 3, e, e).

(294.) The funnel-shaped membrane does not terminate suddenly

at its point of junction with the calcareous tube ; the latter, indeed,

is a continuation and product of the first, the calcareous substance

being evidently deposited in this gelatinous membrane in the same
manner as phosphate of lime is deposited in the bones of very youni>'

K 2
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animals, changing its soft texture into hard, solid substance. The

manner therefore in which the tube is formed cannot be compared to

the mode of formation of the shells of mollusca : in the latter case it is

a secretion from the skin,

an epidermic product ; but

in these polyparies there is

a real change of soft into

solid substance, which is

effected gradually, not be-

ing deposited in layers.

(295.) When the tube

has acquired a certain

height, the animal forms

the calcareous horizontal

plate which unites it to

those around : the still

membranous upper part of

the tube extends itself hori-

zontally outwards around

the aperture (fig. 90, 2, b),

doubling itself so as to form

a circular fold. This part of

the membrane is no longer

iiTitable ; its contiguous

surfaces unite, so as not to
, i « i. ^

. • / n Anatomy of Tubipora. 1. a, Polyp partially expanded

,

interrupt the continuity or flexible extremity of the tube ; e, ovigerous lamellse ; /,

+lno+iiliA. Pnrhnnntpof lime calcareous portion of the tube. 2. 6, Expanded extremity of
the tube, carbonate Ol lime

^^3^^^^ gt;u_„^<,ai,ifled; c, polyi? retracted ; inflected

is gradually deposited with- membrane embracing the neck of the polyp. 3. Ovarian

. ., , • , lamina detached. 4. Development of young: a, horizontal

m it ; and soon a prominent
^^^^^ . ^^^^ offspring,

partition, composed of two

lameUjE, soldered together through almost their entire extent, suiTOunds

the tubular cell. Generally many polyps of the same polypary form

these partitions at the same time and upon the same plane. In this

case the gelatinous margins of the folded membrane unite, no space is

left ; and they ultimately become most intimately soldered together, so as

to form the successive planes or stages (fig. 89). If the animal is quite

insulated, the horizontal collar is stiU formed, and it then assumes some-

what of an octagonal spape. The tube-forming membrane exhibits no

appearance of vessels or other traces of organization.

(29 G.) When the polyp is withdrawn within its cell, its tentacles

form a' cylindrical fasciculus (fig. 91, i, d), the papiUaj wHch partially

cover them being laid upon each other (like the leaflets of some MimoscB)

when asleep. . ,

(297.) The protrusion of the creature from its tube is accomphsliea

by the contraction of the membrane, h, inserted into its neck.
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(298.) The germs, during the first period of their development, have

no organs distinguishable, not even the rudiment of a tube ;
each ap-

pears to consist of a simple gelatinous membrane folded upon itself

(fig. 90, 4, c), and forming upon the stage upon which it is fixed a

little txxbercle resembling a small Zoanthus or other naked zoophyte.

This tubercle gradually elongates, and assumes the form of a polyp,

provided with aU its organs ; but the sac which encloses it is still

gelatinous at its upper part and membranous near the base (fig. 90, 4, h),

where it gradually diminishes in thickness, and, becoming calcareous,

gives to the animal the general appearance of its original.

(299.) An extensive and important group of the Anthozoa, from the

fibrous character which the substance of their bodies assumes, have

Fig. 91.

3

Tubipora mustca (after Quoy and Q-aimard). 1. o 6, inversion of the tube, whereby the protru-
sion of the polyp 18 effected

; d, polyp; e, communication between the stomach of the polyp and
the general cavity of the body ;/, horizontal plate which, by uniting with those of the neighbouring
polyps, forms the horizontal stage. 2. Polyp protruded from its cell, showing the structure of the
tentacnla. 3. Dissection of an isolated polyi): a, membrane reflected from around the mouth of
the tube; 6, closed polyp

; c,(Z,ovigorous filaments; e, c, septa in the interior of the tube.

been named by zoologists "Fleshy Polyps ;" nevertheless, although the
genera composing this division are exceedingly numerous, and vary
much in their external characters, they wiU be found to conform, in

the essential points of their organization, to the corals above de-
scribed. The subject we have selected as the type of these beautiful
zoophytes is a well-known Actinia, which being common upon our
own coasts, the reader will have little difficulty in procuring specimens



134 ANTIIOZOA.

Actinia in a state of expansion, side view.

Fig. 93,

for examination, or for preservation in a marine aquarium, of which,

they will form conspicuous ornaments.

(300.) The body of an Actinia, when moderately expanded (fig. 92),

is a fleshy cylinder, generally found attached by one extremity to a

rock, or some other sub-

marine support, whilst the

opposite end is surmount-

ed by numerous tentacula

arranged in several rows

around the oral apertiu'e

(fig. 93). When these ten-

tacula are expanded, they

give the animal the appear-

ance of a flower, the decep-

tion being rendered more

striking by the beautiful

colours they not unfre-

quently assume ; and hence,

in all countries, these or-

ganisms have been looked

upon by the vulgar as sea-

fiowers, and distinguished by

names indicative of the fan-

cied resemblance. Their ani-

mal nature, however, is soon

rendered evident by a little

attention to their habits.

"When expanded at the bot-

tom of the shallow pools of

salt water left by the re-

treating tide, they are seen

to manifest a degree of sen-

sibility, and power of spon-

taneous movement, such as

we should little anticipate

from their general aspect.

A cloud veiling the sun wiU

cause their tentacles to fold,

as though apprehensive of danger from the passing shadows ; contact,

however slight, will make them shrink from the touch ; and if rudely

assailed, they completely contract their bodies, so as to take the appear-

ance of a hard coriaceous mass, scarcely distinguishable from the sub-

stance to which they are attached (fig. 94).

(301.) It is in seizing and devouring their prey, however, that the

habits of the Actiniffi are best exemplified. They will remain for hours

.4c<ima in a state of expansion, seen from above,showing

the mouth.
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with their arms fully expanded and motionless, waiting for any passing-

animal that chance may place at their disposal, and when the oppor-

tunity arrives are not a little remarkahle for their voracity and for their

capability of destroying their victims. Their food generally consists of

crabs or shell-fish, animals apparently far superior to themselves in

strength and activity ; but even these are easily overpowered by the

sluggish yet persevering grasp of their assailant. No sooner are the

tentacles touched by a passing animal than it is seized, and held with

unfailing pertinacity ; the arms gradually close around it ; the mouth,

placed in the centre of the disk, expands to an extraordinary size ; and

the creature is soon engulfed in the digestive bag of the Actinia, where

the solution of aU its soft parts is rapidly effected, the hard indigestible

remnants being subsequently cast out at the same orifice.

(302.) The Actiniae possess the power of changing their position

:

they often elongate their bodies, and, remaining fi:xed by the base,

stretch from side to side, as if seeking Pig 94^

food at a distance : they can even change

their place by gliding upon the disk that

supports them ;
or, detaching themselves

entirely, and swelling themselves vsith

water, they become nearly of the same

specific gravity as the element they in-

habit, and the least agitation is sufS-

cient to drive them elsewhere. When
they wish to fix themselves, they expel

the water from their distended body, and, ^ u a • cJ ' ' Two small AchntcB, one in a state of

sinking to the bottom, attach themselves expansion, the other closed up.

again by the disk at their base, which forms a powerful sucker.

(303.) From the above sketch of the outward form and general

habits of these polyps, the reader will be prepared to investigate their

internal economy and the more minute details of their structure. On
examining attentively the external surface of the body, it is seen to be

covered with a thick mucous layer resembUng a soft epidermis, which,

extending over the tentacula, and the fold around the aperture of the

mouth, is found to coat the surface of the stomach itself : this epidermic

secretion forms, in fact, a deciduous tunic, that the creature can throw

off at intervals. On removing this, the substance of the animal is found

to be made up of fasciculi of muscular fibres, some running perpen-

dicularly upwards towards the tentacula, while others, which cross the

former at right angles, pass transversly round the body ; the meshes

formed by this interlacement are occupied by a multitude of granules,

apparently of a glandular nature, giving the integument a tuberculated

aspect : these granules are not seen upon the sucking-disk at the base.

The tentacula are hollow tubes, composed of fibres of the same descrip-

tion. The stomach is a delicate folded membrane, forming a capacious
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Fig. 95.

bag within the body, and communicating freely by means of a pyloric
aperture with the general somatic cavity.

(304.) On making a section of the animal, as represented in lig. 95,
the arrangement of these parts is distinctly seen, a being the muscular
integument

;
b, the tentacula, formed by the same fibrous membrane

;

and c, the stomach. Between the digestive sac, c, and the fibrous exterior

of the body, a, is a considerable space, d, divided, by a great number of

perpendicular fibrous partitions, I, into numerous compartments, wbich,
however, communicate

freelywith each other and

likewise with the interior

of the tentacula, as seen

at e. Every tentacle is

perforated at its extremity

by a minute aperture, b,

whereby the sea-water is

freely admitted into these

compartments so as to

bathe the interior of the

body ; and when, from

alarm, the animal con-

tracts itself, the water so

admitted is forcibly ex-

pelled in fine jets through

tbe holes by which it

entered. There can be no

doubt that the surround-

ing fluid, thus copiously

taken into the body, is

the medium by which

respiration is effected

;

and every one who has

been in the habit ofkeep-

ing Actiniae in glass-

vessels for the purpose of

watching their proceed-

ings must have noticed

that, as the fluid in which they are confined becomes less respirable, from

deficiency of air, the quantity imbibed is enormous, stretching the

animal nntil it rather resembles an inflated bladder than its original

shape.

(305.) It is in the compartments thus (at the Avill of the creature)

distended with water that we find tbe organs of reproduction, whicli

here assume a development far exceeding what we have noticed in

other zoophytes. On raising a portion of the membrane forming the

Section of Actinia, showing its internal structure : a, body-
wall

; 6, tentacles ; c, membranous stomach ; d, one ofthe septa
connecting the stomach with the body-wall ; e, communication
between the interior of the tentacle and the perigastric cayity

;

/,a portion of the membrane of the stomach dissected back;
g, convolutions of the generative membrane; h, the same un-
folded; Jc, position of the opening which communicates be-
tween the stomach and the general cavity of the body; I, in-

terseptal spaces.
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stomach, as at /, we see lodged iii each partition an immense number

of gramilar corpuscles attached to a delicate transparent membrane, and

arranged in large clusters, g. The ovigerous membrane that secretes

these corpuscles is represented unravelled at h ; it is through its whole

extent bathed with water admitted into the compartment wherein it

is lodged—a circumstance which provides for the respiration of the em-

bryos during their development.

(306.) "We learn from the researches of MM. KoUiker and Erdl that

the Actinite are bisexual, and that the male and female organs are

allotted to different individuals, the testes of the male and the ovaria

of the female being so similar in their structiire and appearance that

the difference between them is only appreciable with the microscope.

In both sexes the reproductive apparatus consists of riband-like convo-

lutions attached by dehcate membranous folds to the free margins of

the septa, and fiUed with multitudes of the granular-looking bodies

above mentioned, which in the females are the ova, in the males the

spermatic capsules. In neither sex is there any excretory duct ; so that

the eggs, when mature, must escape immediately into the general cavity

of the body by bursting through the delicate membranous envelope in

which they are enclosed. The whole exterior of the organ is densely

ciliated.

When examined under the microscope, the granules extracted from
their investment are found, in the male, to contain immense numbers of

caudate and very active spermatozoids,—while those of the female are

real ova, of spherical shape, and furnished with a distinct yelk and
germinal vesicle.

(307.) It is during the months of August and September that the
generative system of our native species is in full activity and develop-
ment. The ovum, it would seem, when arrived at maturity, breaks loose
from the ovarian nidus ; and as the number of males in a given locality is

pretty nearly the same as that of the females, and they are always more
or less found in company, notwithstanding their sedentary habits, the
eggs of the female would seem to be impregnated by the seminal fluid
of the other sex, diffused through the surrounding water.

^

(308.) In Cerianthus memhranaceus, however, a complete hermaphro-
ditism exists, aU the convolutions of the reproductive ribands being
equally supphed with both the male and female elements of generation,
in the shape of minute capsules, some of which enclose an ovule, whilst
the others are fiUed with spermatozoa. These two kinds of capsules
are scattered promiscuously, without any regular order, but always so
that the ovigerous and spermatogenous organs are closely in contact.
The ovules, on quitting their ovarian nidus, fall into the general peri-
visceral cavity, where they may be found, of a spherical or oblong shape,
and each presenting a distinct Purkinjean vesicle. The act of fecun-
dation in this case appears to take place in the ovarian lamin®, and



138 ANTHOZOA. ,

probably by the rupture of the delicate walls which circumscribe the

contents of the male and female capsules. The eggs found in the

ovaria are round and of a yellow colour, resembling minute grains of

sand, and densely ciliated. There ^ ^
exists a considerable opening in the

base of the stomach, whereby a free

communication is established be-

tween the interseptal spaces and

the general abdominal reservoir,

through which the young Actinise

are expelled in a very advanced

state of development into the sto-

mach, and thence pass through

the mouth into the surrounding

water. The smallest germs are semiopaque spherical bodies, while the

more advanced present every gradation of form from the simple sphere

up to the complete tentaculate polyp. The largest are about the size of

peas. On section they present appearances similar to those exhibited in

the annexed diagrams (fig. 96), intended to illustrate the manner in

which the morphological changes are brought about and the several

Fig. 97.

Generative oreanB of Actinia. 1. Convoluted filiform organ unfolded :
b, ovary or testes, occord-

ine to the sex of the individual ;
c, mesenteric membrane. 2. Segment of the body showing :-a, tlic

convoluted tube folded up; b, generative orgon ;
c, portion of the membranous stomach.

special organs of the Actinia unfolded. The figures may bo thus ex-

plained :— 1. Outline of the mature embryonic corpuscle after the dis-

appearance of the cHia with which, at an earlier stage, it is furnished.

2, 3, 4. Primary involution of the integumentary membrane, s, fi. llc-

induplication of the external membrane and formation of a stomachal
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cavity. In the two latter figures may likewise bo seen the commence-

ment of the tentacula (a) and ovarian septa (b), which are aU formed

by the same process of involution*.

(309.) The perigastric spaces of the Actiniae enclose, in addition to the

reproductive apparatus, abundant convolutions of very remarkable fili-

form organs of great length and tenuity (fig. 97), concerning the nature of

which much diversity of opinion stiU exists. These convoluted threads

have, in fact, no communication whatever with the generative organs :

they seem to consist of long, semicapillary caBcal tubes, attached by a

short mesentery to the lower margin of the perigastric septa ; and from

each of them a cord, slightly larger than the filament from which it is

derived, may be traced upwards along the corresponding septum as far

as a little above the inferior termination of the alimentary cavity, and

then running along the external wall of the stomach as far as the py-
loric opening. The structure of the terminal portion, as well as that of

the convoluted filament, is tubular, and their office apparently important

in the economy of the animal : M. de Blainville regards them, with some
probability, as representing the biliary system.

(310.) The Abbe Diequemare relates several curious experiments

on the multiplication of these animals by mechanical division. "When
transversely divided, the upper portion stiU stretched out its tentacles

in. search of food, which, on being swallowed, sometimes passed through
its mutilated body, but was occasionally retained and digested. In
about two months, tentacles grew from the cut extremity of the other
portion, and this soon afterwards began to seize prey. By similar sections

he even succeeded in making an animal with a mouth at each end.

(311.) After the account above given of the general structure of
the Actinia, the mechanism whereby the tentacula are expanded and
withdrawn wlU. be easily understood : these do not, like the horns of a
snaU, become inverted and rolled up within the body, but owe their
different states of extension entirely to the forcible injection of water
into their interior. We have seen already that the cavity of each
tubular arm communicates freely with the space intervening between
the stomach and the external integument—a space which, at the wiU
of the animal, is fiHed with sea-water drawn through the orifices placed
at the extemity of each arm : when these minute orifices are closed,
and the body of the creature contracted, the water, being violently
forced into the tentacula, distends and erects them, as when watching
for prey

;
and, on the other hand, when emptied of the fluid thus in-

jected, they shrink and coUapse. This circumstance, so easily seen in
the Actiniae, wiU likewise enable us to account for similar phenomena
observable in other polyps, the internal economy of which is by no
means so conspicuous.

* " Obserrations on the Anatomy of Actinia," by T. Sponoer Cobbold, M D Annals
of Nat. Hist. Feb. 1853.
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(312.) On cutting otf a portion of one of the armB of an Actinia and

subjecting it to pressure, it is seen to have, imbedded in the substance

of its gelatinous parietes, an immense number oi Jiliferous capsules

(nematocysts). These remarkable structures, which are found to exist

very extensively throughout the entire group, consist of minute sacculi,

wherein may be perceived a slender and highly elastic filament coiled

up spirally, but which, on compression, suddenly shoots forth from one

extremity of the capsule to a length that is perfectly surprising. It is

upon the presence of these filiferous capsules that the adhesive power

of the tentacula is supposed to depend ; and from the rapidity wherewith

prey, when seized, is destroyed by their grasp, it is probable that a

poisonous fluid is emitted along with the thread, to the virulence of

which its paralyzing eifects are to be attributed. The presence of these

wonderful organs, however, is by no means restricted to the tentacula

;

on the contrary, they are dispersed over various parts of the body, and

exist even in the folds of the ovarian membrane. In the latter situa-

tion, indeed, they are frequently extremely numerous, and comjjara-

tively of large size.

CHAPTER YII.

HELMINTHOZOA*.

(ScoLECiDA, Huxley.)

(313.) The Helminthozoa., embracing the vast class of parasitic

worms, may be conveniently divided into two groups :—first, those

which live as parasites—the Entozoa
;
and, secondly, those which are

free and have an independent existence, as is the case with many of the

Trematode Woems and the TtruBBLLARiJE.

(314.) The EKTOzoAf, as the name implies, are nourished within the

bodies of other animals, from the juices of which they derive their

sustenance. It may naturally be supposed that, living under such cir-

cumstances—deprived of aU power of locomotion, debarred from the in-

fluences of light, and absolutely dependent upon the fluids wherein they

are immersed for nutriment—the Entozoa have little occasion for that

elaborate organization needful to animals living in immediate communi-

cation with external objects.

(315.) We find, therefore, among these creatures, certain races whose

structure is of the simplest character possible, in adaptation to the

circumscribed powers of which they are capable. Yet, however ap-

parently insignificant some of them may appear, they not unfrequently

* eXjiivs, an intestinal worm ; 'Cwov, an animal.

t kvTOi, within
;
^wov, an animal : parasites living in the interior of other animals.
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Fig. 98.

Ligula simplicitsima in

the abdominal cavity of a
Minnow.

become seriously prejudicial to the animals wherein they are found, by

the prodigious numbers in which they exist, or from their growth in

those organs more especially essential to life ; and not a few of them,

from their dimensions alone, sometimes prove

fatal, as may be supposed from a mere inspection

of the annexed figui'e (fig. 98), representing an

Entozoon developed in the abdominal cavity of a

fish.

(316.) There are probably no races of animals

which are not infested with one or more species

of these parasites, from the microscopic infusoria

up to man himself*; and sometimes several dif-

ferent forms are met with in the same species, to

which they would appear to be peculiar ;
nay, in

some cases the Entozoa would seem themselves

to enclose other species parasitically dwelling in

their own bodies. Neither is their existence con-

fined to any particular parts
;
they are met with

in the alimentary canal, in the liver, the kidneys,

the brain, the arteries, the bronchial passages, the

muscles, the cellular tissue, and, in fact, in almost

all the organs of the body.

(317.) GREGARmiD^.—In the alimentary canal of the common cock-

roach, in the earthworm, and probably in many other animals, minute

organisms occur, frequently in considerable numbers (indeed, to this

latter circumstance they owe their name), called Gregarinsef. The body

of one of these creatures consists of a simple sac or vesicle composed of

an apparently structureless membrane containing a glairy fluid, in the

interior of which there is sometimes discovered a small cell containing a

nucleus. The Gregarinidse are devoid of mouth and of any digestive

apparatus, living apparently by imbibition of the animalized juices with

which they are surrounded. They are said, under certain circumstances,

to undergo a process of encystment, shrinking up into a spherical shape,

and becoming coated by a structureless case or cyst. In this condition

their contents break up into rounded particles, which, becoming elon-

gated and pointed at each extremity, present very much the appearance
of Navicula3, and, from this resemblance, have been called "Pseudo-navi-
culce." The contents of these microscopic boat-like structures, when set

free, are stated to resemble minute Amoebae, thrusting out pseudopodia
in various directions, and again withdrawing them, until, as they increase

in size, they show themselves to be young Gregarinte.

* Not fewer than fourteen distinct species of these parasites are enumerated as
specially resident in the human body.

t Gregarius, from grex, gregis, a flock, so called because they occur in numbers
crowded together.
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(318.) The CrsTiFOEM Helminthozoa, generally known by the name
of Hydatids, are of larger dimensions. The Coenurus cerebralis (fig, 99),

Fig. 99.

1. Cosnurus cerebralis (nat. size). 2. One head magnifled : a, oral circlet of hooks; 6, suckers.

one of the most common, Pig- 100.

occurs in the brain of

sheep, and is the cause of

a mortal disease but too

well known to the farmer

;

it is likewise occasionally

developed in other rumi-

nating quadrupeds, and,

by partially destroying the

cerebral substance, soon

proves fatal. This Ento-

zoon, represented in the

figure of its ordinary size,

consists ofa delicate trans-

parent bladder, the walls

of which, during the life

of the creature, are visibly

capable of spontaneous

contractions on the appli-

cation of stimuli . To this

bladder, or common body,

are appended numerous

heads, which are indi-

vidually furnished with an apparatus of hooks and suckers (fig. 99, 2, a, />),

calculated to fix them to the surrounding tissues.

1. Ci/diccrcus tenuicolUs (nat. size),

a, oiroiet of hooks ; b, suokors.

2. Head ningnifiod

:
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(319.) The Cysticerci* agree in the main features of their structure

ydth. the Coeuurus, but are provided with only one head or oral orifice

(fig. 100, 2). These animals are found in almost all the viscera of the

body, and not unfrequently, especially in pigs, exist in great numbers,

not only in the liver, which is their most usual seat, but in the cellular

texture of the muscles, and even in the eyes themselves. The human
frame is not free from their intrusion ; and when they abound, serious

consequences frequently result from their presence.

(320.) CESTOiDEAf.—The Tcenice, or tape-worms, are among the most

interesting of these parasites, whether we consider the great size to which
they sometimes attain, or their singular construction. Several species

of these worms infest the human body ; and many other forms of them
are met with in a variety of animals. They are usually found in the

Kg. 101.

intestinal passages, where, being amply provided with nutritioiis aliment,
they frequently grow to enormous dimensions, being not unusuaUy
twenty or thirty feet in length ; and some have been met with much
longer

:
it is therefore manifest how prejudicial their presence must prove

to the health of the animals in which they reside ; and we are little
surprised at the emaciation and weakness to which they generally give
rise.

* KvffTii, a bladder; «,!pKos, tail: having ihoir hinder part expanded into a
bWlder.

t KCffros-, a girdle or band
; eTSo9, ahnpc : rihand-sliapcd.



144 HELMINTHOZOA.

(321.) The Tcmia solium, the species most usually met with in the

Fig. 102.

Immature segment of Tmnia solium: a,

lateral canals ; 6, ovary ; c, d, accessory glands ;

e, lateral sucker.

Fig. 103.

human subject (at least in our own

country), is that selected for special

description. The body of this crea-

ture consists of a great number of

segments united together in a linear

series (fig. 105): the segments which

immediately succeed to the head (a)

are very small, and so fragile that it

is rarely that this part of the animal

is obtained in a perfect state
;
they

gradually, however, increase in size

towards the middle of the body (cZ).

The first joint of the Taenia, gene-

rally called the head, differs materi-

ally in structure from all the rest.

This segment in the Taenia soliimt,

when highly magnified, is found to

be somewhat of a square shape ; in

the centre is seen a pore that has

been considered to be the mouth,

surrounded by a circle of minute spines, so dis-

posed as to secure its retention in a position favour-

able for imbibing the chyle wherein it is immersed.

Around this apparatus are placed four suckers, which

are no doubt additional provisions for the firm at-

tachment of the head of the worm. In other Taeniae

the structiire of the first segment is variously modi-

fied : thus, in Tcenia lata the central pore has no

spines in its vicinity ; in Bothrioceplialus there are

only two longitudinal sucking disks ; in Floriceps

these are replaced by four proboscidiform prolonga-

tions, covered with sharp recurved spines, which,

being plunged into the coats of the intestine, form

effectual and formidable anchors : yet the intention

of all these modifications is the same, namely, to re-

tain the head in a position adapted to ensure an

adequate supply of nutritious juices.

(322.) The alimentary canal seems to be repre-

sented by a double tube, which may be traced

through the whole length of the body, without any

other perceptible communication with the exterior

than the minute pore in the centre of the head : at the commencement

of every segment, however, there is a cross-branch, which communicates

with the corresponding tube of the opposite side (fig. 102, a), so as to
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facilitate a free distribution of the nutrient fluids*. In some species a

delicate vascular network is perceptible in the parenchyma of the body,

which may likewise be connected with the nutritive function.

(323.) The reproductive organs are fully developed only in the mature

segments or Proghttides of a tape worm, each of which may be considered

an adult animal, provided with both a male and a female apparatus

—

these two sets of organs being completely distinct from each other.

The male apj)aratus consists of a testis, a vas deferens, and an intro-

mittent organ, the last of which is lodged in a special sac or pouch.

The testis (fig. 104, a a, h) occupies the middle of the anterior portion

of the body, and is of a whitish colour, owing to the spermatozoa con-

tained in its interior. It is composed essentially of a long csecal tube,

folded upon itself in close convolutions, and terminating in the vas

deferens (c), which reaches to the base of the intromittent organ.

The penis (fig. 104, d), called also by authors cirrus and lemniscus,

is very variable in its form in different genera ; in its real structure,

however, it is merely a prolongation of the vas deferens, just as the

latter tube is a continuation of the testis.

In its size it varies considerably ; it consists of two muscular coats

invaginated one within the other, and unroUs itself Hke the finger of a

glove, until it acquires its full length. The external surface, which is

internal when in a state of repose, is covered with minute asperities or

rough points ; when fully retracted, it is lodged in the pouch, e.

(324.) The female generative system is composed of an ovary, which
produces the germ (germigene), of an organ which secretes the vitelline

globules (viteUigene), of ducts from these two organs, and of a matrix,
a copidative vesicle, vagina, and vulva.

- (325.) It seems to have been by no means a rash supposition on the
part of Siebold, that in some Entozoa there might exist a double set of
glands for the production of the ova, one appropriated to the formation
of the germ, the other to the secretion of the viteUus. In the Cestoid
forms, according to Van Beneden, the proper ovary or germigene (fig.

104, t) is situated at the posterior part of the body, occupying about one-
third or one-quarter of its width. This organ is double, being exactly
repeated on the right and left of the median line, the two being united
by a central commissural canal f: when empty, the presence of this
organ is discoverable with difficulty, on account of its extreme delicacy.
Its appearance varies much : sometimes it is a bag surrounded by
slight depressions {c%ds-de-sac?) ; sometimes the whole viscus is divided

* Professor Van Beneden denies the existence of the central aijerture or mouth, and
that the two lateral longitudinal canals with their intercommunicating trunks con-
stitute an alimentary system

; on the contrary, he regards these tubes as secerning
organs, the secretion of which is discharged from the terminal segment of the body
through a foramen caudale.

t It is represents in the figure upon one side only, to avoid confusion.
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Pig. 104.

into lobes, and has the appearance of an ordinary gland ; whilst occa-

sionally it is entirely made up of long coccal tubes united together, and

opening at the same point.

On the sides of the body, extending nearly its whole length, arc two

slender and slightly flexuous tubes

(fig. 1 04, n n), whose presence it is

difficult to detect when in an empty

condition, but which generally con-

tain in their interior vitelline glo-

bules closely aggregated together,

which by the peristaltic movements

of the tube, aided by ciliary action,

are forced onward from before to

behind. The two vitelligenous

tubes ultimately unite to form a

common canal (n), situated near

the median line, through which the

vitelline globules enter the germi-

duct at the point marked m. On

passing the opening of this canal,

the germ becomes suddenly invested

with a layer of vitelline globules,

and, being thus transformed into

an ovum, is carried onwardsthrough

the flexuous canal, or proper ovi-

duct (p), into the matrix (q), be-

coming invested in its passage

through the oviduct with an outer

covering that represents the egg-

shell.

The matrix (q), thus receiving a

continual supply of ova, becomes

gradually distended, until it occu-

pies almost all the interior of the

body, and branches out in different

directions into csecal pouches at

points where the least resistance is

offered, until finally, the skin of the

Diagram representing the fiilly-developed gene-

rative system of the Proglottis of a Cestoid Ento-

zoon (after Van Beneden): a, testis; b, com-

mencement of ditto; c, Tas deferens; d, penis;

e, sac of the penis
; /, orifice of vagina ; g, vagina

;

h, copulative vesicle; t, germigenous organ, or

ovary (represented on one side only ) ; I, gemiiduct;

m, point at which the vitelline globules enter the

germiduct; n, vitelligenous organ, or vitelliduct;

0 0, transparent vesicles, developed at a very early

period; p, oviduct: 5, matrix; r, longitudinal ca-

. , . , • 1 J T T nals ; s, the skin ;
t, cutaneous glands.

proglottis becommg as tightly dis-

tended as the matrix, both are ruptured, and the ova escape in this

artificial manner. The vagma (fig. 104, g g) is a large canal, having,

like all the organs belonging to this apparatus, distinct parietes. It

commences externally (/) in the immediate vicinity of the male organ,

penetrates to the centre of the body, and, bending at an angle, makes

its way backwards to the space that separates the two ovaria (gcrmi-
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gcnous organs, i). Its length is invariably in corresiiondence with that

of the penis of the male apparatus. At the extremity of the vagina is

situated the copulative sac (Ji), a smaU vesicle with very delicate parietes,

the contents of which abound in spermatozoa.

Such being the anatomical arrangement of the diJfferent parts of this

somewhat complex apparatus, it now remains to take a brief survey of

their physiological import in the performance of the generative function.

In the living Entozoa it is sometimes not difficult to see the germi-

genous and the viteUigenous organs opening into a common canal, and
each of them pouring their product into its cavity ; and if a specimen
is selected in which the parts are in fuU activity, and the compression

nsed be such as to render the organs transparent without putting a stop

to their action, the germs may be seen to arrive, one by one, at regular

intervals, before the opening of the viteUigenous organ, which, contract-

ing forcibly, expels a certain quantity of the vitelline substance, in which
the germ becomes enveloped, having previously, on passing the orifice of

the copulative sac, become imj^regnated by contact with the sperma-
tozoa therein contained. As the vivified ovum advances onwards it

receives its outward envelope, arrives in the matrix, and is there re-

tained until bii'th is accompHshed by the bursting of the parent.

A question has often arisen in relation to the manner in which the
act of copulation is effected in animals presenting this remarkable
hermaphrodite condition of the generative system—a question to which
Professor Van Beneden has been able to give a satisfactory solution.

In a specimen of Phyllohothrium luca, he had ocular demonstration that
each segment was self-fecundating. Its penis became unrolled, and
passed immediately through the vulva into its own vagina, into which it

was deeply inserted. 'Active peristaltic movements of the vaginal tube
were very manifest, and spermatozoa were seen abundantly in its in-
terior, these being subsequently conveyed by peristaltic action into the
copulatory pouch. The penis, after some considerable time, is with-
drawn, returns into its pouch, and aU the organs assume their previous
condition.

(326.) In studying the progressive development of the egg in the
T^nife and other Cestoid worms, it is only necessary to remember that
aU the ova contained in the same segment are of the same age, and that
the age of the segments increases progressively, from the head to the
opposite extremity of the elongated body, to enable the observer to select
ova m any stage of their development in order to submit them to exami-
nation under the microscope.

(327.) In their general structure, the eggs of the Ta^nioid Entozoa
are similar to those of the other classes of Invertebrate animals • and the
segmentation and breaking-up of the yelk proceed exactly in the same
manner.

(328.) On arriving at maturity, however, n series of phenomena of

L 2
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tho highest possible interest begin to develope themselves, which we
will proceed to describe with as much conciseness as the snbjoct will

allow*. Tho worm, when

it emerges from the egg, 105.

instead ofbeing composed

of a series of segments,

consists simply of the first

segment, or head, as it is

called, variously armed

with hooks, suckers, or

bothria, according to the

genus, to which is ap-

pended a short caudal ex-

tremity, wherein but

slight traces of any inter-

nal organ are apparent.

In this condition it has

received the name of Sco-

lex, and may be regarded

as a sort of root from

which all the rest of the

animal is developed, much

in the same way as the

Planulce of the Medusae

are segmented off from ^'^'"^ ^"^^
• ^' ^^e^^^'^*^ °^

their Hydra-like parent (§ 187).

(329.) The Scolex, therefore, in this stage of development is syn-

onymous with the " head," or, as it might as weU be called, the " root

"

of the tape worm ; and as long as this root, head, or Scolex remains un-

expelled from the body, it will continue to give origin to fresh segments

or joints, ad libitum.

(330.) Gradually the tail of the Scolex, or the body of the worm, is

developed ; and as soon as this has attained a certain length, transverse

markings begin to make their appearance, segments are formed, sepa-

rated from each other by slight indentations, and the internal organs

appropriate to each segment are progressively evolved. As these seg-

ments attain to maturity, the indentation separating each from the one

preceding it increases in depth, until, being reduced to a mere pedicle,

the completed segments are successively thrown off as so many distinct

animals. From the above account, therefore, it is evident that the last,

or posterior, segment is always the oldest, the newly-formed joints con-

tinually pushing the others from before backwards.

(331.) Most frequently the mature segment or Proglottis is detached,

* Vide " Eecherchos sur les vers Cestoides, par P. J. Van Bencden," Nouvcnux

Mem. do I'Acudoinio do Bnixelles for 1800.



SCOLEX, STEOBILE, PEOGLOTTIS. 14U

as above stated, and becomes an independent organism, in shape very

much resembling the seed of a gourd : nevertheless this probably/ does

not invariably happen ; some may

remain permanently connected to-

gether, and lay their eggs without

having enjoyed a separate exist-

ence.

(332.) While the segments of

the Strobile remain conjoined, they

seem to enjoy a complete community

of life and of movement. Some

species especially may be observed

to become suddenly dilated in one

region and contracted in another

—these alternate movements, pass-

ing along the entire length of the

animal, giving precisely the same

appearance as is witnessed in many
Annelidans when theymake violent

efforts for progression,—a circum-

stance which will readily explain

how Taeniae are frequently met with

having their bodies tied in compli- hooks; 6, suckers.

cated knots—a very puzzling phenomenon to the older helminthologists.

(333.) The Proglottis, or mature segment, on becoming detached from

the general community, is provided with all its organs ; nevertheless its

development becomes still further advanced : it even completely changes

its shape ; the angles become effaced, the whole body rounded, and its

movements, moreover, more extensive : nay, as Van Beneden assures

us, not only does the Proglottis continue to grow, but sometimes it

becomes as large as the entire Strobile—a circumstance which frequently

causes a Cestoid at this age to be mistaken for a Trematode Entozoon.

(334.) Many thousands of eggs must be produced from such midti-

plied sources of reproduction ; and yet how are they preserved and
replaced in circumstances favourable to their development ? Fortunately

it is rare to meet with more than one of these creatures taking up a

residence in the same individual ; indeed the species which has specially

been the subject of our description is often called, par excellence, " the

solitary worm," from this circumstance. Yet what becomes of the re-

productive germs furnished in such abundance ? Do they, as was the

opinion of Linnajus, live in a humbler form in stagnant Avatcrs and
marshes, until they are casually introduced into the body of some animal,

where, being supplied profusely with food and placed in a higher tem-
perature, they attain to an exuberant development ? Or are the germs
thus numerous in proportion to the little likelihood of even a few of them

Fig. 106.

Paradoxical Tcsnia. 1. Entozoon of which the

anterior portion is taenioid, the posterior cysti-

form: a, armature of the "head" or " scolex."

2. Armature of the same magnified : a, circlet of
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Pig. 107.

finding admission to a proper nidus ? To these questions we can only

reply by conjectures
;
and, interesting as

the subject is, few are more entirely in-

volved in mystery.

(335.) In some Taeniae, as for example

in T. serrata, which is found in the in-

testines of dogs, M. Dujardin has pointed

out that the ova, instead of being, as

Rudolphi supposed, more delicate and

frail in their substance than the Entozoa

themselves, are defended by envelopes so

strong that, thus protected, they may be

dispersed in prodigious numbers in va-

rious situations, and escape destruction

until conveyed into a nidiis proper for

their development.

(336.) To form some idea of the num-

ber of ova furnished by a single Taenia of

this species, it must be considered that it

is furnished successively with at least two

hundred segments, which, when they be-

come proglottides, in the aggregate will

produce for each Taenia 25,000,000 of

eggs. The mature segments are found

loose in the intestine of the dog, and are

able to move about with considerable

quickness, creeping sometimes at the rate

of three inches in a minute, by the con-

tractions of which they are capable. If

one of these be placed in a flask, or under

a moist glass bell, they will soon begin

to crawl about upon its surface, leaving a sort of milky track wherever

they pass, inwhich, by the aid of a lens, innumerable eggs may be detected.

Under these circumstances they will exist for several days, until they

are entirely emptied of their ova and reduced to half their original bulk,

when, their destiny being accomplished, they perish. Therefore it

cannot be doubted that, when expelled naturally from the intestines of

the animal in which they live, they are able to deposit their ova in a

similar manner.

(337.) Many interesting facts relative to the development of the in-

testinal worms have been recently brought to light, and promise to lead

to still more important discoveries. In 1840 M. Miescher announced,

to a meeting of naturalists at Bale, the discovery that several genera of

Entozoa undergo most extraordinary metamorphoses, whereby their

form and character are completely changed.

Diagrammatic sketch illustrative of

the mode of growth of a Tape worm
{Tetrarhynchus) : a, the Scolex, head or

root; b, transverse markings indicating

an incipient division of the hinder part

ofthe scolex into segments ; c, segments

gradually becoming more complete un-

til, at d, they begin todetach themselves

as separate joints(pro(jrZottt(ie«) ; e, a ma-

ture proglottis detached presenting the

form of a gourd-seed. The body ofthe

worm from 6 to d, consisting of imma-

ture segments, is named the iStrobih.
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(338.) Carrying out these observations, M. Van Beneden* has not

only confirmed the doctrine, but added very materially to our know-

ledge on this subject. The TetrarJiynchus, for example, a tape-worm

found in fishes, undergoes no fewer than four distinct phases of develop-

ment.

(339.) In the first phase of its existence, the worm is more or less

vesicular in structure, being armed with four suckers, and a sort of pro-

boscis in the centre. It is possessed of extraordinary contractility, and

more or less resembles a Cysticercus.

(340.) The second phase is, perhaps, the most curious. In the in-

terior of the Scolex there is formed a Tetrarhynchus, by a process^ of

gemmiparous reproduction ; and from the surface of the latter a kind

of viscid secretion exudes, which becomes solid, and forms a sort of

sheath made up of concentric layers.

(341.) In this state of development there is found a sheath formed of

several layers, in the interior of which is a Trematode worm (Amphi-

stoma rhopaloides, Ch. Le Blond) ; and in the interior of the latter may be

perceived a TetrarJiynchus, which moves about vivaciously as soon as its

prison is opened. This Tetrarhynchus has been regarded by naturalists

as a parasite inhabiting the Trematode worm ; M. Van Beneden believes

it to be a new animal formed by a process of internal gemmation. It is

constantly, if not always, found in cysts formed at the expense of the

peritoneum, in a great number of sea-fish—cod, trigla, conger, &c.

(342.) In the third state of its existence, the Tetrarhynchus is free, but

in all respects resembling that which was enclosed in the Trematode

worm ; in a short time, however, transverse lines become developed upon

the posterior part of its body, segments are formed, and it becomes

Tcenioid. In this condition it has been named BothriocepJialus, or more

recently Wiynchohothrius. It is found in the intestinal canal of the

skate, among the first turns of the spiral valve.

(343.) In the fourth and last phase of its growth, it presents a more

simple structure, the perfect animal performing the part of a seed-vessel

destined to disseminate ova—in other words, is the last segment of the

Tsenioid form detached, in fact a Proglottis. In this condition it is found

in the intestine of the skate, in company with other Bothriocephali

:

this is the mature or adult animal, provided with complete male and

female sexual organs.

(344.) The adult Entozoon (the Proglottis loaded with eggs) is eva-

cuated together with the faeces of the skate, and with its ova serves as

food to fishes of small dimensions. The ova are developed either in

the intestines or the intestinal cteca of the dcvourer ; and if the fish

which contains them happens to be swallowed by another fish, the de-

velopment still proceeds in its alimentary canal, or the ceeca thereunto

appended. When arrived at the condition of a complete Scolex, after

* Ann. des Sc. Nat. 3= s6r. x. ji. 15.
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having perhaps passed through the stomachs of several fishes that have

successively devoured each other, it perforates the intestiua] walls and

lodges itself in the peritoneum, in which situation it forms its sheath,

and produces in its interior the " moveable gemma," from which is pro-

duced a Tetrarhynchus. The fishes containing the latter form are swal-

lowed in turn by the voracious Eays and Sharks ; and their flesh having

been dissolved in the stomachs of their devourers, the Tetrarhynchus

becomes free, and continues its growth in the intestines until its hinder

segments (Proglottides) are complete, which alone are furnished with a

sexual apparatus. Thus, from the production of the egg to the comple-

tion of the mature animal, these parasites are continually passing into

the alimentary canals of new fishes ; and it is only under such circum-

stances that they seem to attain their full development.

(345.) A more interesting fact is the discovery that the cystiform Ento-

zoa, Goenurns and Cysticercus above described, are merely the JScoleces of

ordinary Tape worms, a discovery for which science is deeply indebted to

the patient researches of Professor Siebold. That eminent naturalist had

long suspected, from the resemblance between the circlet of horny spines

forming the armature of Cysticercus fasciolaris met with in the liver of

the mouse, and that of Tcenia crassicoUis found in the intestines of the

cat, that the one might be identical with the other, although so different

in their general appearance, and at length ascertained, beyond the possi-

bility of doubt, that such was actually the case.

The gradual transformation of Cysticercus pisiformis into the Tcenia

serrata has likewise been estabKshed by feeding young dogs with the

cystic parasites still enclosed in the nidus in which they are found in

the omentum of rabbits*. The first efi'ect produced upon the Entozoa

thus enclosed, after they have been swallowed, is the solution of their

envelope by the gastric juice in the dog's stomach, after which the

caudal vesicle of the Cysticercus pisiformis is attacked and destroyed

by the same digestive agent, leaving nothing of it remaining but the

whitish and rounded Scolex, which, passing through the pylorus, becomes

attached to the waUs of the duodenum, to await its subsequent growth.

At the posterior end of the now tailless cyst worm, the point at which the

caudal vesicle was previously attached is distinctly indicated, by a sort of

cicatrix. Subsequently the growth of the tape worm commences ; its

transverse wrinkles are multiplied, and in the course of a few days the

body becomes divided into segments, which, at first very short, elongate

and soon present the marginal generative pores. After a residence of

twenty-five days in the intestines of the dog, the Tsenia has attained the

length of from 10 to 12 inches, and in three months 20 or 30 inches or

more, at which time the posterior joints appear to be sexually matured,

and the last segments (Proglottides) become detached. The ova enclosed

* Vide De Cysticercorum in Taanias Metamorphosi pascondo, pxperimcntn in In-

stiluto Physiologico Vratifllaviensi admini.strata. Aucfcore Q. Lewald. Berolini, 1862.
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ill the ripe joints are seen to be completely developed, and contain in

their interior the mobUe embryo armed with six booklets.

These six booklets, or rather six very sharp spicula, are disposed in three

groups. The two central spicula, which by their union form a sort of

lancet, perforate the tissues placed immediately before them, while the

two lateral pairs, taking as a fixed point the opening thus made and

pressing backwards, push forward the embryo, acting much in the same

manner as the arms of a man who tries to force his body through a nar-

row trap-door. The young Cestoids, after escaping from the egg, push

themselves onwards in this manner, as though directed by an instinctive

impulse. Numbers of them perish ; but a few arrive at some organ

adapted to their habits, and there become transformed into a vesicle,

upon which bud forth the heads of Tsenise*.

(346.) When the animal in which the parasite has passed through

these first phases of its growth is swallowed by another, the vesicle dis-

appears, the tsenia-heads remain isolated, and behind every one of them
there is developed a true Cestoid or tape worm. This latter is at fii'st

smooth, but it soon divides into segments, each segment being in

reality an animal, a distinct individual, uniting in itself the reproductive

oi-gans belonging to both sexes. When this segment is sufiiciently

developed, i. e. when its reproductive apparatus is filled with fertilized

ova, it becomes detached, and, when cast forth, speedily dies. The
myriads of eggs enclosed in it, converted into dust and driven about by
the winds, are everywhere distributed. The immense majority of them
perish. A very small proportion may be swallowed by some animal
whose organization is suitable for their development, and each of these
then becomes in turn the starting-point of a new cycle of transforma-
tions and migrations.

Kiichenmeister, by feeding a dog with flesh in which were concealed
portions of a Coenurus, found after some time a Tcenia in its intestine

which until then had been met with only in the wolf; and by givino-

segments of this Taenia to sheep they became in due time victims to
Ccemirus, numbers of which were found in their brains, presentino-
difierent degrees of development. In the above experiment Kiichen-
meister had sowed the seeds of tape worm in the dog by giving to the
poor heast Coenuri, and the germs of Crenurus in the sheep by giving
them the ripe segments of a tape wormf.

* In this condensed account of the development of the Ttenia, the results of tlie
researches of Van Beneden (" Notice sur le Tenia dispar et sur la maniere dont Ics
embryons de cestoides penetrent a travers los tissus," Bulletin de I'Acad. Royale do
Belgique, 18.^4) are combined with those of Kiichenmeister. See " Rapport sur le
grand prix des Sc. Physiques pour 1863," par A. Quatrefages.

t For further information upon this important subject the reader may consult-—
the works of Siebold, and more particularly two memoirs by that distinguislied phy-
siologist in the 'Annales des Sciencps Naturellcs' for 1851 and 1852; the remark
able memoir of Wagencr, entitled " Die Entwicklung der Cestoden,"' published in
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(347.) The Echinococcus* veterinorum, long considered a distinct

Entozoon, is in reality merely a hydatid cyst filled with the larvae

(Scoleces) of TaBnioid worms. It occurs in the liver, the cavity of the

abdomen, the heart, the voluntary muscles, and the ventricles of the

brain of man,—in the liver, lungs, &c. of the ox, sheep, goat, ape, pig,

&c. The walls of the true cysts consist of numerous concentric layers

or plates, resembling those of coUoid cells. The liquid existing within

them is yellowish or reddish, and albuminous. The larvae appear to the

naked eye as minute white opaque specks, varying in size from about

to in length ;
they also vary greatly in form : when the head

is retracted, they appear more rounded than when it is protruded. The

Fig. 108.

Echinococcus veterinorum. Inthisflgure some of the Scoleces are seen alive and active; some m
a contracted state; many dead and partially disintegrated, surrounded by the dental booklets of

others that have perished.

hooks surrounding the anterior end of the body consist of a basal por-

tion, an internal transverse blunt tooth, and a curved terminal portion

or claw ;
they are about -5^" to yJ^jo" in length. In some of the

larvsB a kind of pedicle exists, by which they are attached to the walls

of the cyst. In a quite recent state the Echinococci have been seen

swimming actively in the liquid of the cyst by means of cilia upon the

surface of the body. They appear usually to bo developed from the

interior of the cyst ;
but, as Kuhn long since showed, they are somo-

the ' M^moires de I'Acad^mie de Bresku,' 1854; that of M. Baillet, 'Experiences

sur le Cysticercus tenuicollis sur lo TcB7iia qui en r6sulte,' 1801 ;
also tlio works ol

M. Koeberle, 'Des cysticcrques de tenia cliez I'hommo,' 1861 ;
and of Dr. Spencer

Cobbold. .
,

* extvos, spiny ; »c<5k(cos, a berry: in allusion to tho.r sliiipi^ ami si)nious armature.
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times produced by external gemmation. Hence it appears that those

scoleces cannot be regarded as the parasites of the cyst, but must bo

viewed as arising from a partial segmentation of the contents of the

parent. The Echinococd do not acquire their fuU development into

Tcenice imless they reach the alimentary canal. The cysts and their

contents, including the Echinococd, sometimes undergo a kind of de-

generation, becoming partially converted into fatty or calcareous matter

;

or the entire contents become amorphous and granular, the hooks re-

maining longest unaltered, but finally disappearing also*.

(348.) TEEiiAXODA f.—In the fluke, Distoma (Fasciola, 'Lirm.)hepati-

cum, we have an Entozoon of more complex

and perfect structure—one of those forms,

continually met with, which make the

transition from one class of animals to

another so insensible that the naturalist

hesitates with which to associate it.

(349.) The Distoma is commonly found in

the liver and biliary ducts of sheep and other

ruminants, deriving noiirishment from the

fluids in which it is immersed. The body

of the creature, which is not quite an inch

in length, is flattened, and resembles in

some degree a minute sole or flat-fish. At
its anterior extremity is a circular sucker or

disk of attachment, by which it fastens itself

to the walls of the cavity in which it dwells,

as well as by means of a second sucker of

similar form, placed upon the ventral surface

of the body. In the annexed diagram (fig.

109) the posterior sucker has been removed

in order more distinctly to exhibit the in-

ternal structiire. The name which this

Entozoon bears seems to have been given to

it from a supposition that it possessed two
mouths, one ia each sucker, whereas the anterior or terminal disk (a)

only is perforated, the other being merely an instrument of adhesion.

The aUmentary canal (6) takes its origin from the mouth as a single

tube, but soon divides into two large branches, from which ramifications

arise that are dispersed through the body, each terminating in a blind

clavate extremity. These tubes, from being generally filled with dark
* Kuhn, Ann. Sc. Nat. 1« ser. xxix. p. 273 ;

Siobold, Wiegmann's Arcliiv, 1845, and
Siebold und Kolliker's Zeitschr. iv.

; GHuge, Ann. Sc. Nat. 2" ser. viii. p. 314; Owen,
Hunterian Lectures, i. p. 46 ;

Dujardin, Helminthes, p. 635 ;
Huxley, Ann. Nat. Hist.

2 ser. xiv. p. 379.

t rpfiiui, an orifice or iiolo; rprjunTwStis, full of holes,—So named from being
supposed to have more than one mouth.

Fig. 109.

Anatomy of Distoma : a, anterior
sucker and oral orifice; 6,alimentary
canal; c, nervous system; external
opening of female generative appa-
ratus ; e,uterine receptacle

;
/.acces-

sory appendage to ditto; g, oviduct;
h, ovary; i, common canal, receiving
Jr, convolutions of testis

;
I, vaa defe-

rens ; m ,
capsule of the penis ; n , in-

tromittcnt organ.
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bilious matter, arc readily traced, even without preparation, or they

may be injected with mercury introduced through the mouth.

(350.) Through the walls of the ventral surface of the body two

nervous filaments (c) are discoverable, which, crossing over the root of

the anterior sucker or acetabulum, and gradually diverging, may be

observed to run in a serpentine course towards the caudal extremity,

where they are lost : it would even seem that on either side of the oeso-

phagus there is a very slight ganglion, from which other nervous fila-

ments arise to supply the suckers and the anterior pait of the body.

(351.) The organs of generation in the fluke are very voluminous,

occupying, with the ramifications of the alimentary tubes, the whole of

the interior of the animal : in the diagram they are not represented on

the right side, in order that the distribution of the intestine may be

better seen ; and on the left side the alimentary vessels are omitted, to

allow the general arrangement of the sexual system to be more clearly

intelligible,

(352.) These animals are completely hermaphrodite, not only pos-

sessing distinct ovigerous and seminiferous canals, which open separately

at the surface of the body, but even provided with external organs of

impregnation, so that most probably the cooperation of two individuals

is requsite for mutual fecundity.

(353.) To commence with the female generative system, we find the

ovaria (7i) occupying the whole circumference of the body. "^Tien

distended with ova, the ovigerous organ is of a yellow colour ;
and

when attentively examined under the microscope, it is seen to be made

up of delicate branches of vesicles united by minute filaments, so as to

have a racemose appearance. From these clusters of ova arise the ovi-

gerous canals, which, uniting on each side of the body into two princi-

pal trunks, discharge their contents into the large oviducts {g). The ovi-

ducts terminate in a capacious receptacle (e), usually caUed the uterus

;

and from this a slender and convoluted tube leads to the external orifice,

into which a hair (cZ) has been inserted. On each side of the xiterus wc

find a large ramified organ, made up of caecal tubes (/), which opens into

the uterine cavity, and no doubt furnishes some accessory secretion

needful for the completion of the ova.

(354.) The male apparatus occupies the centre of the body. The

testes (7c), in which the spermatic fluid is secreted, consist of convoluted

vessels of' small calibre, arranged in close circular folds, and so inex-

tricably involved, that it is difiicult to get a clear idea of their arrange-

ment ; but towards the middle of the median lino they become more

paraUel, and terminate in two larger trunks (i) (one of which has been

removed in the figure), which are enclosed and hidden in the semu.a

vessels. These wide canals, which run side by side an a longitucimal

direction, become gradually much attenuated {I), and terminate in tlie

root or capsule of the penis {m). The external male organ (n) is placed
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a little anterior to the orifico wliich leads to the female parts : it is a

short spiral filament, distinctly traversed by a canal, and perforate at the

extremity, so as indubitably to perform the office of an instrument of

intromission.

(355.) Among the most interesting discoveries of modern times is the

establishment of the long-suspected fact that the Trematode Entozoa

undergo certain metamorphoses during their development, and those of

a most extraordinary and unheard-of character. It is to the Danish

naturalist, Steenstrup*, that science is indebted for the following

account of his researches.

(356.) Although the best-known species of the numerous family of

the Trematoda is the JiuTce, or liver-worm, of which the anatomical

details are given above, similar forms are met with in almost all animals

of the four higher classes ; and among the lower, the Mollusca are

equally infested by them.

(357.) It might almost be said that in these classes every species is

infested by its own fluke ; in various animals, moreover, several different

species of these parasites have been found, which inhabit either aU the

organs of the body indiscriminately, or are exclusively confined to one

(liver, kidney, bladder), or to a definite part of an organ. Several of

these Trematoda, as will be evident hereafter, when young, are not con-

nected with any viscus, but enjoy the power of free locomotion in water,

externally to the animal wliich in their future state as Entozoa they
infest. In their free condition they are provided with a locomotive

apparatus, usually a tail of moderate length, by the waving movement
of which the creature propels itself through the water, like a tadpole,

to which, in its external form, it is not dissimilar, though almost of

microscopic dimensions. In this larval state the Trematode worms
have long been known to naturalists under the generic name of Cer-
cana ; but although it was weU* estabKshed that this form was not a
permanent one, it was not until the researches of Nitzsch, Siebold, and
Steenstrup revealed the true nature of the changes through which they
pass, that we arrived at any satisfactory knowledge of their remarkable
history.

(358.) A Oercaria, supposed by Steenstrup to be the Cercaria ecU-
nata of Siebold (fig. 110, i), is found by thousands in the water wherein
specimens of the large freshwater snails, Planorhis cornea and Limncem
stagnalis, have been kept. The body of this species of Cercaria is

usually of a more or less elongated oval form, which, however, it is con-
stantly changing, assuming, during its movements, every outline, from
the circular figure which it has in the fully contracted state, to the
linear fonn that it presents when its body is fully extended ; it is fur-
nished, moreover, with a triangular head, at the apex of which is situ-

* ' Ueber den Generationswechsel in don niederen Thierklassen,' tranfilated by the
late Mr. Henfrey, in the publications of the Ray Society, 1842.
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Fig. 110.

ated the oral orifice, surrounded by au apparatus of spinous teeth ; and

a ventral sucker is visible, situated upon the inferior surface of its body
;

while internally traces of viscera are discernible.

(359.) The swimming movement of these Cercaria) is vei-y charac-

teristic : in performing it, the animal curves its body together into a ball,

by which the head is brought

near to the caudal extremity,

and at the same time the elon-

gated tail strikes out right and

left into various sigmoid flex-

ures. In this way they may
be seen swarming about the

water-snails in great numbers.

After swimming about the

snails for some time, they affix

themselves, by means of their

suckers, to the slimy integu-

ment of those animals, and all

their movements upon it are

readily perceived with a good

glass. On examining, with a

sufficient magnifying-power, a

portion of the skin of the snail

with several of the Cercariae

adhering to it, it will be seen

that all the efforts of these

creatures are directed to the inserting of themselves deeper into the

mucous integument, while their tail, which is no longer of any use to

them as an organ of locomotion, disaj)pears ; and the now tailless animal

assumes the appearance of a Distoma or fluke. However, it undergoes

a further remarkable transformation before it becomes a true Entozoon

in the common acceptation of the word.

(360.) In various Cercariae, a copious mucous secretion is observable

on the surface of the body even before the loss of the tail ; and this

secretion apparently increases during the efforts of the animal to cast off

this appendage. As soon as the tail has been got rid of, the Cercaria

begins, by extending and contracting its body, to turn itself round and

round in the same spot. By this sort of movement it makes for itself a

circular cavity within the mucus, which gradually hardens, and forms a

tough, nearly transparent case around it. This is the noted^wpa-state

of the CercarijE, observed first by Nitzsch*, and afterwards by Siebold.

The tailless CercariaB remain concealed under their transparent case,

which is arched over them like a small closely shut watch-glass (fig. 110, 2).

* Beitrag zar Infusorienkundo, oder Naturbeschreibung dor Zorcnricn und Bacil-

larien. Halle, 1817.

1. Cercaria echinata ? ot Bieholi. 2. Distoma-pupa,

or Cercaria in the pupa state after it has cast off its

tail and enclosed itself in a mucoid case. 3. The
animal proceeding from the pupa, a true Distoma,

which has penetrated for a short distance into the

body of the snail. 4. A "mirse" containing fully-

developed Ceroarice: v, the stomach. 5. A "parent

nurse" filled with partially-developed "nurses:" v,

the stomach. (After Steenstrup.)
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In this condition they remain some months in a quiescent and inactive

state, when they present themselves with all the characters of real Flukes

(fig. 110, 3), and may be found under this form lodged in the liver or

appropriate viscus in the interior of the snail.

(361.) Having thus seen that the Gercaria becomes an actual Flnhe,

it next remains to inquire what is the origin of the Cercaria. The

Fluke deposits ova, from which, either within the body of the parent,

or external to it, oval-shaped young proceed, which move about briskly

in the fluid contained in the interior of the snail or in the surrounding

water, and bear no resemblance to their parent.

(362.) The free-swimming Cercarise, afterwards converted into pupae,

as above described, have been proved, by the observations of Bojanus, to

be produced from little worms of a bright yellow colour (fig. 110, 4)

(" konigsgelbe Wiirmer "), described by him, and which occur in

great numbers in the interior of snails, especially of Limnceus stagnalis

and Paludina vivipara. It is consequently in these yellow worms,

which are about 2 lines long, that the Cercarige, which are the larvae of

the actual Flukes, are developed ; and since we now know that the

Flukes are perfect animals, which themselves undergo no transforma-

tion and are propagated by ova, we are reduced to the conclusion that

the progeny is indebted for its origin and development to creatures

which, in external form, and partly in internal organization, differ from

the animals into which that progeny is afterwards developed ; in other

words, it may be said that we here meet with a generation of nurses, and

that the yellow cylindrical worms of Bojanus, which inhabit the snail,

are the imrses {sporocysts) of the Gercarise and Distomata*.

(363.) The " nurses " usually present the appearance of the figure

given above (fig. 110, 4). The body is cylindrical, and is furnished in

most instances with a spherical contracted head, which includes an oral

cavity with very muscular walls and a small circular mouth. At some

distance posterior to the middle of the body are situated the two cha-

racteristic oblique processes, which, as well as the part of the trunk

posterior to them, are simply local dilatations of the cavity of the body.

Of internal organs, there is only to be seen an undivided sacculated

stomach (y), very small in proportion to the size of the animal.

The whole remainder of the very large body is fidled with the brood

of Cercarice. In the instance figured above (fig. 110, 4), all the embryos

have simultaneously reached their full development, which is but seldom

* That the Cercaria} are actually developed in the above-mentioned yellow worms,

any one may bo easily convinced who will take a dozen large specimens otLimnmus
stagnalis from small stagnant pools tbat have boon exposed to the sun ; the worms
will be very readily found. They are situated not so much in the viscera themselves

(the liver and reproductive organs) as in the membranes covering them ; and tlieir

long bodies will be found half-floating as it were in the fluid which occupies the

apace between the organs.
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the case, since, in the same individual, Cercarice are found in all stages

of growth.

(364.) Some doubt exists as to the mode in which the Gercarim quit

their " nurses" since it has been observed, under the microscope, that

there are two places where they come away, viz. from each side of the

body, at a depression under the collar, and from the abdominal surface,

between the two oblique processes : but they escape from the latter

situation only when the animal has been slightly compressed between

the glasses, and from the former when no pressure at all has been

employed.

(365.) It next remains to trace the origin of the " nurses " them-

selves. Siebold (who did not regard these as independent animals, but

only as living organs of generation, " germ-sacs ") expresses his surprise

at seeing them developed from germs which are always contained in

other creatures having the same outward appearance as themselves

;

and Steenstrup saw, with like astonishment, that it constantly occurred,

in some of the snails taken from the same places as the others, that

they harboured only Entozoa which had the outward form of the

" nurses," but which, instead of Cercariae, contained a progeny consist-

ing of actual " nurses " in all stages of development. This was the case

only in some, and those rather young snails, whilst all the others were

inhabited by " nurses " whose progeny were true Cercarice ; it cannot,

therefore, be doubted that it is normal for the " nurses " to originate in

creatures of similar appearance to themselves, and which are thus the

" nurses" of " nurses." These "parent nurses," however (fig, 110, s),

notwithstanding their great resemblance, are easily distinguished from

the others ; the stomach, for instance, in the fuU-grown " parent

nurses " is longer and wider than in any even of the youngest " nurses."

(Compare fig. 110, 4, with fig. 110, 5.)

(366.) We have thus followed the Distoma to its third stage of

ascent, and, as no more stages in the generations of these animals have

been detected, are not in a condition to trace the origin of the Distoma

further back. Steenstrup, however, entertains the not unfounded sup-

position that the " parent nurses " are not produced from other similar

creatures, but that tliey proceed originally from ova derived from the

fuU-grown Fluke,—a supposition which derives additional importance

from observations made upon the development of other Entozoa belong-

ing to the Trematode group.

(367.) In Monostomum mutabile*, for example, which inhabits the

cranial cavities lined with mucous membrane in certain water-birds, the

young embryo is frequently hatched before or just as the ovum is ex-

pelled. The newly hatched young (fig. Ill, i) are of elongate-oval

shape, and furnished at their anterior extremity with some short lobes,

which the animal is able to protrude and retract ; and its whole surface

* Fide Wiegmann's Arcliiv fiir Nftturgeschichte, 18;i6.
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Fig. 111.

is covered with vibratile cilia, by the aid of which it moves readily in

the water. In the anterior part of the body are two quadrangular spots,

which can scarcely be regarded as any thing but eyes. The posterior

two-thirds of the trunk are occupied by

a slightly transparent whitish body {g),

which it might be supposed was one of

the viscera, as Siebold thought it to be,

if it were not that after a time, and

some rather ^^gorous motions, it becomes

detached, ruptures the body of its pa-

rent, and presents itself under an en-

tirely different appearance from that in

which it lay concealed and was deve-

loped (fig. Ill, 2, 3). Briefly to recapi-

tulate the above somewhat intricate but

most interesting series of phenomena, we
find that only the mature Distoma (i'^Zw/^e)

lays eggs, that from each egg issues a

ciliated larva, which, by internal gem-
mation, produces a "nurse" or sporocyst;

this latter, by the same process, produces

at the same time both new sporocysts and

cercarice, that is to say, generations whose

development is sometimes less and some-

times more advanced.

(368.) Besides this, each cercaria passes

through phases of growth comparable to those which occur during the

metamorphosis of an insect. Pirst, it is free and moveable like the

larva of a fly : like the latter it becomes encysted, and by a very analo-

gous process becomes motionless, thus passing into the chrysalis- or pupa-
state. It next undergoes a complete organic regeneration, comparable
in all respects to what occurs during the metamorphosis of the chrysalis

of a Dipterous insect into its imago. Lastly, in both cases the termina-
tion of this series of changes announces itself by the development of
sexual organs, which inaugurate oviparous reproduction.

If we now apply to these trematode worms the nomenclature applied
to the Taenia above described, we might say :—the ciliated larva is the
scolex of the Distoma

; the sporocyst is its strohila. Each cercaria is a
Xyrorjlottis

; but in this case the proglottis, before arriving at the condition
of a perfect Distoma, undergoes a series of real metamorphoses resem-
bling that which occurs in insects, more particularly among those of the
Dipterous order.

(369.) Another circumstance still further complicates the already com-
plex history of these parasites

;
they are continually passing from one ani-

mal to another,—as, for instance, the egg of a Distoma, having fallen on the

1. First stage in the development of
Monostomum mutabile, after it has quit-
ted the egg and is swimming about at
liberty: g, internal embryo of "-parent
nurse." 2, 3. The same after its meta-
morphosis from an active form into an
inactive sluggish creature, which is not
itself a mother, but which nourishes
within it a progeny from which, in the
third generation, a parent animal pro-
ceeds. (After Siebold.)



102 IIELMTNTHOZOA.

-lit/

loaf of somo aquatic plant, is swallowed

by a Limnajus or other freshwater snail

;

in the interior of the snail it engenders a

scolex {ciliated larva), which in turn pro- . ^ .

.

duces in the same locality a strobila (spo-

rocyst). From this last are born several

proglottides (cercarice), which for some

time swim about around the animal in

which they were born. When the time

for theirmetamorphosis arrives, those that

have attached themselves to stones or other

foreign objects speedily perish; never-

theless there are always some which,

having met with moUusks adapted to

their wants, have succeeded in piercing

their skin, and thus managed to place

themselves in conditions favourable for

development. There they remain till

their temporary host is in turn swal-

lowed by some other animal, in which

the Distoma acquires its distinctive cha-

racters and becomes completely orga-

nized*.

(370.) The AcANTHocEPHALAf, called

likewise EcHiNOKnYNcmJ, constitute a

distinct group of Helminthozoa, distin-

guished by the remarkable armature of

their oral apparatus, as well as by the

peculiarities of their internal organiza-

tion.

(371.) The Echinorhynchi inhabit the

intestinal canal of various animals, to the

walls of which they fasten themselves by

a singular contrivance. In the Echino-

Anatomy of Echinorhynchus gigas, female (after Clo-

quet). 1. a, proboaciB; b,c, ovarian apparatus; d,d,

lemnisci; e, e, retractor musolcs of the proboscis;/,/,

alimentary tubes; h, external opening of the female

generative system. 2. Anatomy of male Echinorhyn-

chus: a, proboscis; d, lemnisci; /, g, testes; h, vasa

deferentia, uniting together at i; k, vesiculre scminales

;

/, I, retractor, and n, n, protruding muscles of the penis
; *-|

m, their point of insertion into o, the penis; p, gene-

ra'tive aperture. 3. Mechanism of the proboscis: a, its extremity covered

b c, its protractile sheath; d, c, retractor muscles; /.lemniscus; g, ovary.

(I

with

* M. cle Quatrefages, op. cit.

t Cloquet, 'Anatoraie dos Vers intestinaux :' Paris, 1824. dKav9

Kcij>a\ri, the head :=having the head armed with spines.

\ ex'ivos, rough, spiny; pvyxos, aboak or proboscis: —having a spniy
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•h)/ncht(s (jit/as, which is fonnd in the intestines of

(he hog, the head (a, fig. 112, i, 2, ;*) is represented

by a reti'actile proboscis, armed externally with

four circlets of sharp reciirvcd hooks, which, when
plunged into the coats of the intestine, serve as

secure anchors whereby the creature retains itself

in a position favourable to the absorption of food.

In fig. 112, 1, 2, this aculeated proboscis is repre-

sented of its natural size, relative to the body of

the Entozoon, as it aj)pears when fully protnidcd
;

but when not in use, the spinous part is retracted,

and concealed by the mechanism of which an en-

larged view is given at fig. 112, 3. When extended,

the position of the organ is indicated by the dotted

lines ; but in the drawing the whole organ is re-

presented as drawn inwards and lodged in a de-

pression formed by the inversion of the integu-

ment, so as completely to hide it within the body.

This inversion is produced by the contraction of

two muscular bands, d, e, which arise from the

inner walls of the body, and are inserted into the

root of the proboscis around the oesophagus*; two
other muscles, 6, 6, antagonistic to the former, arise

near the spines themselves ; and these, aided by the
contractions of the walls of the body, are the agents

by which the protrusion of the head is effected.

Although the teeth or spines which render this

organ so formidable are merely epidermic appen-
dages, they are raised or depressed at the will of the

creature ; and it is therefore probable that, minute
as they are, they have muscular fibres connected

with them, serving for their independent motions.

These spines, moreover, are not always confined

to the head, but in many acanthocephalic worms
are found on various parts of the body, wherever
their oflBce as instruments of attachment is by
circumstances rendered needful (figs. 114, 115),

(372.) The digestive system of the Echinorhyn-
chus is extremely simple. The mouth is a minute
pore, placed at the extremity of the proboscis,

which communicates with two slender canals,//,

at first of great tenuity, but near the middle of the

body assuming something of a sacculated appear-
ance. Towards the tail these vessels gradually

* These musclcB are seen of their natiaral size in lig. 1 J2

Fig. 1]3.

A portion of intestine,

showing numerousEchino-
rhynohi with their heads
imbedded in the mucous
membrane.

Fig. 114.

ICchinorhynchus, sliowiiig

th(! spiny proboscis.

1 , at n, c.

M 2
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Fig. 115.

JSchinorhpicAiis with spines exten-

sively distributed over the surface of

its body.

diminish in size, until they are no longer distinguishable ; but they have

not been seen to give off any branches, or to communicate with each other.

(373.) Near the origin of these nutrient tubes are two large cajca,

nearly an inch in length, called lemnisci (fig. 112, i&2,d, d), which are

probably connected with the digestive function.

(374.) The female Echinorhynchus, as is usually the case in Dioe-

cious Entozoa, is considerably larger than

the male, as may be seen ia the figure.

In the former (fig. 112, i), the ovary, c,

is a capacious organ, occupying the cen-

tre of the body, and extending along its

entire legnth. When minutely examined,

it isfound to consist of two compartments,

or distinct sacs, one occupying the dorsal,

the other the ventral aspect—the two

tubes being separated by a septum. The

dorsal ovary commences near the tail, at

g, by a cul-de-sac, and, enlarging as it

runs forwards, terminates near the point

c, by uniting with the ventral portion.

The anterior part of the canal, h, is com-

mon to both divisions of the ovary ; and

from this the ventral tube runs backwards to the posterior end of the

body, where it terminates in a narrow duct, which opens externally at7i.

It would seem, therefore, that the last-mentioned opening is the only

excretory passage from the ovarium,—the connexion apparent m the

figure, between the common sac, I, and the root of the proboscis, bemg

merely of a ligamentous character.

(375.) In the female of some of the Acanthocephali, according to

Siebold* there are neither proper ovaries nor a uterus, but on their

place are' found numerous oval or round flattened bodies of considerable

size, which float freely in the anterior of the cavity of the body
;
they

have regularly defined borders, and are composed of a vesicular, gra-

nular substance : in these the eggs seem to be formed ;
so that they may

be regarded as so many loose ovaries. When the eggs have reached a

certain size, they fall from the ovaries into the cavity of the body, where

they continue to increase in size, and become enclosed m additional

envelopes. When mature, the ova escape through a muscular canal,

which terminates immediately at the vulva, the latter being a simple

aperture, situated at the posterior extremity of the worm. The muscular

canal, through which the eggs escape, is of a campanulate or intunm-

buliform shape, opening intemaUy by an aperture whose borders ttoat

freely in the cavity of the body; and thus the whole apparatus might m

compared to a Fallopian tube. .

(376.) The generative system of the male Echinorhynchus is rcprc-

* Siebold and Stonniu8, Comp. Anat. p. 124.
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sented in fig. 112,3. The orgaus which secrete the fecundating fluid

are two cylintbical vesicles {f, g), attached at one extremity by minute

fihimcnts to the walls of the body : from each of these arises a duct (7i)

;

and the two, uniting at i, form a common excretory canal. This canal

speedily dilates into a number of sacculated receptacles^ in which the

secretion of the testes accumulates ; and from them a duct leads to the

root of the penis (m). The penis or organ of copulation, when extended,

protrudes through the aperture (jj) placed at the anal extremity of the

body; but when retracted, it is folded up and lodged iu a conical

sheath (o). The protrusion and retraction of this part of the male appa-

ratus is effected by a very simple mechanism : two muscles (I I), arising

from the inner walls of the body, are inserted into the base of the

sheath (m), and serve to draw it inwards ; and two others (n n), in-

serted at the same point, but arising from the posterior extremity of the

animal, by their contraction force outwards the copulatory organ—an

arrangement precisely corresponding with that by which the movements
of the proboscis are provided for.

(377.) An extensive race of parasitical IIelminthozoa,even more formi-

Fig. 116.

dably armed than any we have as yet encountered, has been appointed to
reside upon the exterior of living animals, and thus to occupy a pasturage
far too fertile to bo left without appropriate inhabitants. The gills of
fishes and of many other water-breathing animals, covered with copious
supplies of mucus and permeated by streams of highly vitalized blood,
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aro able to afford au abundance of nutriment and an aggregate extent

of surface by no means neglected by the economy of nature ; the skin

of fishes lubricated with unctuous material offers a supply of food too

valuable to be thrown away; nay, even their eyes are infested by
countless forms of parasites, happily minute in their dimensions, as

they are formidable from the perfection of their armature.

(378.) A glance at the accompanying figure of a Gyrodactylus will

convince us that it has the general structure of a fluke (Distoma) ; but

it is a fluke presenting a more elaborate organization than the intestinal

species. Living upon the external surface of fishes, it is furnished

with eyes simple in their structure, yet, doubtless, suf&ciently perfect

to appreciate and perhaps to render useful the presence of light
;
while,

instead of the simple suctorial disks, it is provided with an apparatus

of hooks and fangs, indicating at once the tenacity of its grasp and the

security of its anchorage. Parasites of this description are found under

innumerable specific forms upon the giUs or on the fins of freshwater

fishes : each fish seems to have its appropriate parasite ; indeed sometimes

two or three different kinds are to be met with on the same fish.

The tremendous holding-apparatus of the Gyrodactylus is in many

genera replaced by numerous suckers, variable in

their number and in their disposition, whereby the

creature maintains an efficient grasp upon any

smooth surface. In Octobothrium, for example

(fig. 117), eight prehensile instruments of this de-

scription are appended to the hinder part of the

fluke-like body, while at the opposite extremity a

suctorial mouth enables the creature to fill its arbo-

rescent alimentary canal with the liquid nutri-

ment upon which it lives.

(379.) The TFEBELLAniiE *, constituting another

important group of the Helminthozoa, are mainly

characterized by having the exterior of their bodies

densely covered with vibratile cilia, by the agency

of which they swim freely about. They are not

parasitical in their habits, and are met with under Octobothrium. a, natural

various forms, both in the sea and in fresh water.

They may be divided into two families, the PLANABiiE and the Nemer-

TLAN Worms.

(380.) The PLANARiiE, although they do not inhabit the interior of

other animals, are nearly aUied in every part of their organization with

the Elukes (Distoma); so that their history cannot be more appropriately

given than in this place. The Planarioe are common in ponds and other

stagnant waters
;
they are generally found creeping upon the stems of

plants, or amongst the healthy confervao which abound in such situa-

* From iurba, a clisfcurbance ; from the commotion produced by their cilia.
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tions, aud wage perpetual war with a variety of animals inhabiting the

same localities. The body of one of these minute creatures appears to

be entirely gelatinous, without any trace of muscular fibre*"; yet its

motions are exceedingly active, and it glides along the plane upon

which it moves with a rapid and equable pace—of which the observer

would scarcely expect so simple a being to be capable,— or, by means of

two terminal suckers, progresses in the manner of a leech.

(381.) Many of the larger marine species are able to swim freely in

the sea by the aid of violent flappings of the broad margins of their

bodies, whereby they beat the water much in the same way as the broad

fins of a skate—movements which it would be difficult to explain, except

by admitting the existence of a subcutaneous plane of muscular fibres,

such as is described by M. de Quatrefages as being recognizable in some

species.

(382.) Although the existence of a nervous system in the Planarite

has been doubted by some observers, the researches of M. de Quatrefages

assure us of its presence in many species. It consists of two ganglions,

more or less intimately united, which are situated in the mesial line

near the anterior part of the body. This double ganglion, which may

be called the brain, and which is sometimes visible to the naked eye, is

lodged in a special lacuna or cavity, recognizable from its transparent

outline, and is seen to give off nervous filaments in various directions to

different parts of the body.

(383.) M. Elanchardf, in dissecting a large individual belonging to

this group, not only found the two cerebroid nervous centres, above

aUuded to, closely approximated, but observed that they gave origin to

two long cords, which exhibited at regular intervals a series of minute

ganglia, thus clearly approximating to the type of structure that charac-

terizes the lower forms of the annulose worms.

(384.) Many species of Planarise possess two red specks upon the

anterior part of the body, which, as in other cases, have been unhesi-

tatingly pronounced to be eyes, although their claim to such an appella-

tion is not only unsubstantiated by any proofs derivable from their

structure, but completely negatived by experiments, which go to prove

that, in the pursuit of prey, no power of detecting the proximity of their

food, by the exercise of sight, is possessed by any of them.

(385.) The phenomena which have been observed, connected with the

multiplication of the Planaria! by division, are analogous to those which

we have witnessed in other acrite animals ; for it has been proved that,

if an individual be cut to pieces, every portion continues to live a,nd feel,

from whatever part of the body it may be taken
;
and, what is not a

little remarkable, each piece, even it be the end of the tail, as soon

as the first moment of pain and irritation has passed, begins to move in

* Duges, Ann. dcs Sc. Nat. 1828.

t Sur rOrganiaatiou dcs Vers, Ann. dcs Sc. Nut. 1847.
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the samo direction as that in wliich the entire animal was advancing, as

if the body was actuated throughout by the same impulse
;
and, more-

over, every division, even if it is not more than the eighth or tenth part
of the creature, will become complete and perfect in all its organs.

(386.) The mouth, in a few species of Planarias, is placed at the
anterior extremity of the body, but generally it is found to occupy the
middle part of the ventral surface. Its structure is quite pecuhar, and
admirably adapted to the exigences of the creature ; it consists of a
wide, trumpet-shaped

proboscis (fig. 118, 3 & 4),
Kg- 118.

which can be protruded

at pleasure, and applied

to the surface of such

larvae or red-blooded

worms as may come with-

in reach, so as to suck

from them the juices

which they contain ; or if

the prey be small, such

as animalcules and mi-

nute Crustacea, they are

seized by it and conveyed

into the digestive canals.

The internal organs ap-

propriated to nutrition

resemble in all essential

points those of the Di-

stoma
;
they consist of a

multitude of bhnd tubes,

ramifying in the paren-

chyma of the body, which,

when distended with co-

loured substances, are

sufficiently distinct. The

principal trunk (fig. 118,

1), which communicates with the proboscidiform mouth, soon divides

into three primary branches, one of which rims along the median line

towards the anterior extremity, whilst the other two are directed back-

wards towards the tail. Prom these central canals secondary ones are

given off, which permeate all parts of the creature. There is no anal

aperture ; so that, of course, the residue of digestion is expelled through

the mouth ; but the nature of the process by which defecation is thus

effected is curious : the Planaria, slightly bending itself, is seen to pump

up through its proboscis a quantity of water, with which all the branches

of the alimentary ramifications are filled ; the creature then contracts.

structure of Planaria (after Dugfes). 1. Eamiflcationa of

alimentary canal. 2. Vascular system. 3. Proboscis un-

folded. 4 represents a Planaria devouring a Nais, showing

the action of the proboscis. 5. Generative system: a, male

apparatus ; 6, female ditto. 6. Two Planarioe in the act of

copulation.
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and, forcibly ejecting th.o contained fluid, expels with it all efFeto or

useless matter.

(387.) In the larger marine species, M. do Quatrefages * recognizes

the existence of an internal general or visceral cavity, which he invari-

ably found filled with a transparent fluid kept in continual agitation by

the various movements of the animal. The flux and reflux of this fluid

are rendered conspicuous by the movements hither and thither of nu-

merous round diaphanous corpuscles which enter as morphotic elements

into its composition and render indisputable its identity of character

with the chylaqueous fluid of the more highly organized worms, in which

the internal viscera are freely suspended, their parietes being merely

kept in situ by delicate membranous frena.

(388.) Besides the arborescent tubes in which digestion is accom-

plished, a rudimentary vascular system is distinctly visible, whereby
the nutritive juices are dispersed through the system. This consists of

a delicate network of vessels, arising from three large trunks, one placed

in the centre of the dorsal aspect, and the other two running along the

sides of the animal (fig. 118, 2).

(389.) The Planariae are perfectly androgynous, as each individual

possesses a distinct male and female generative system ; but they are

not, apparently, self-impregnating, seeing that the cooperation of two
individuals has been found needful for the mutual fertilization of their

ova. In every one of these animals two distinct apertures exist upon
the ventral surface, at a little distance behind the root of the proboscis,

the anterior of which gives issue to the male organ, while the posterior
leads to the ovigerous or female parts.

(390.) In Planaria tremellaris, the penis, which during copulation is

protruded from the anterior orifice (fig. 118, e), is a white contractHe
body, enclosed, when in a retracted state, in a small oval pouch ; it is

perforated with a minute canal, and receives near its root two flexuous
tubes, which gradually decrease in size as they diverge from each other
until they can no longer be traced. These are the seminiferous vessels
(fig. 118, 5, a). The posterior genital orifice, which leads to the female
organs, communicates with a small pouch, or uterus, as it might be
termed (fig. 118, 5, h) ; into this open two lateral oviducts, which run on
each side of the male apparatus and of the proboscis ; these are very
transparent, and only recognizable under certain circumstances by the
ova which they contain. In Planaria lactea the oviduct opens into the
uterine cavity by a single tube, which, passing backwards, divides into
two equal branches

; and both of these, again subdividing, ramify ex-
tensively among the caca derived from the stomach. We likewise find
in this species two accessory vesicles, which pour their secretions into
the terminal sac.

(391.) The Nemerxean HELMiKTHozoi. are marine animals, frequently
* Ann. des Sc. Nat. 1845.
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found lurking beneath stones, or in clefts of rock, on shores loft by

the retreating tide. In their external appearance they have some re-

semblance to Taeniae, and, like them, are occasionally met with of pro-

digious length. In their anatomical structure, however, they differ

widely from the Tape worms, as wiU bo immediately evident from the

following details.

(392.) The body is covered with a sort of semifluid varnish, the whole

surface of which is densely clothed with extremely delicate and closely

set vibratile cilia, so minute as to be perceived with difficulty, except in

the vicinity of the head, where, at certain points, they present more con-

spicuous dimensions (fig. 119, 6 b).

(393.) The alimentary apparatus presents a remarkable uniformity

Fig. 119.

Anterior portion of Borlasia eamillea.

«, buccal orifice, b b, cephalic fossa, pro-

vided with vibratile cilia ; c, e, lobes of the

brain, brought into commmiicatiou vrith

each other by means of a broad suboeso-

phageal commissiu-e, and av>parently com-

posed of several ganglia conjoined; d, d, lon-

gitudinal nervous trunks, vphence branches

are derived which supply the muscles and

internal viscera : e, e, e,e, cephalic nerves

;

/,/, groups of eye-like specks ; gg, cephalic

loop of the vascular system ; 1 1, medio-

dorsal vessel, which, on entering the ce-

phalic cavity, bifurcates to form the trunks,

k k, tliat encircle the brain, and afterwards,

at h h, become continuous vrith the lateral

vessels, i, i ; m m,m «i.,horizontal diaphragm

,

forming a sheath, in which is lodged the

anterior portion of the proboscis, oo;n, n,

the ovaria (testes in the male), furnished

with cfBca that float freely in the lateral

chambers of the body. The space com-

prised between the septa, to which the ge-

nerative organs are attached, forms the

central longitudinal cavity wherein is

lodged the digestive apparatus.

of arrangement, and, for the purpose of description, maybe divided into

the mouth, the proboscis, the oesophagus, and the intestine.
^

There do

not appear to bo either salivary or hepatic glands ; neither is the in-

testinal canal provided with an anal outlet. The mouth is a minulc

orifice, situate at the anterior extremity of the body (fig. 119, and



NEMERTEAN IIELMINTHOZOA. 171.

Fig. 120.

geucrally surrounded with cilia of largo dimensions, from which a mus-
cular canal is prolonged for some distance backwards, at the posterior

extremity of which may be seen, folded up in the interior of the body,

a powerful proboscis, which is protrusible at the will of the animal, and,

like that of the Planaria described above, is a most efficient instrument

for seizing prey. Immediately behind the proboscis is situated a very

remarkable apparatus in the shape of an extremely muscular oesophagus,

"wherein is lodged a weapon of most extraordinary character, consisting

of a solid transparent spieulum, lodged in a ca-

vity, formed in the thickness of the oesophageal

parietes, wherein is contained a glandular mass,

by which the calcareous spieulum is apparently

secreted (fig. 120, g). Other glandular struc-

tures (7i h), probably destined for the elimina-

tion of some venomous secretion, are in com-
munication with the styliferous cavity ; so that

the dagger-Hke spieulum, being constantly

bathed with the secretion thus furnished, be-
comes an instrument of a very deadly character.

The dagger-Hke weapon, together with its

immediate appendages, is capable of being pro-
truded by the aid of muscular bands in con-
nexion with the styliferous cavity, which at the
same time, by compressing the glands, readily

cause the emission of their secretion. On
each side of the formidable apparatus above
described, there are, moreover, two other cavi-

ties, apparently of an auxiliary character (fig.

120, i i), in which a secretion of supernumerary
spicula is perpetually in progress, apparently
destined to replace the original one if lost or
broken,

(394.) The intestine (fig. 120, h\ properly so

called, succeeds immediately to this strangely
organized oesophagus, and is continued back-
wards, floating in the central compartment of
the body, to which it is loosely attached by
membranous bridles for about three-fourths of
the length of the worm, at which point its calibre rapidly diminishes

;

and Its cavity soon becomes obliterated, so that it terminates under the
aspect of a simple cord.

(395.) The Nemertean Helminthozoa are possessed of a very complete
circulatory system of vessels enclosed in proper waUs. These consist of
three prijicipfil trunks, two of which run along the sides of the ventral
aspect of the body (fig. 119, i i), while the third occupies the middle of

styliferous apparatus efFolia
mandilla: a, portion of pro-
boscis; 6, portion of the intes-
tine

; c, first cesophageal dilata-
tion

; d, second ceaophageal di-
latation ; e e, cssophageal canal,
presenting sundi-y dilatations
and contractions; /, cavity in
which is lodged the spieulum, i/

;

h, h, poison (?)-gland8 in con-
nexion with the spieulum, .9; i, i,

cavities enclosing incomijletely
formed spicula.
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the dorsal surface (fig. 119, 1 1) : those three vcbscIs become considerably

increased in size as they approach the posterior extremity of the worm,

and ultimately are conjoined.

(39G.) The median vascular trunk, throughout the greater part of its

course, is situate immediately beneath the subcutaneous muscular layers

;

but when it arrives at the sheath of the proboscis it becomes enclosed

in a special canal, and thus penetrates into the cephalic region, where

it bifurcates to form the two lateral trunks, Jc Ic, wliich, after forming

almost a complete circle around the cerebral ganglia, anastomose Avith

the lateral vessels, %, i.

(397.) The vessels of the body thus becoming conjoined at the points

Ji 7i, form a loop, g g, which surrounds the cephalic region, and is of

considerably greater calibre than the trunks from which it is derived.

(398.) The fluid contained in the vascular system above described is

generally colourless, but sometimes of a reddish or yellowish tinge ; it

is, however, completely devoid of blood-corpuscles, resembling, in this

respect, the blood of the Annelidans, which will be described on a future

occasion.

(399.) In these worms, the central or abdominal space is separated

from the two lateral cavities by vertical septa, to which the reproduc-

tive organs are attached. The latter consist of a series of caeca (fig. 119,

n n), which are so exactly alike in the two sexes, that it is impossible to

distinguish the male from the female, except by their contents. These

ciBca are apparently formed of several layers of cells, and are covered

externally with vibratile cilia. Except during the period of reproduc-

tion, they contain, in both sexes, nothing but an opaline fluid ; but when

called into action, the ovaria in the female are found to be filled with a

liquid wherein corpuscles of various shapes are seen to be suspended.

Some of these have the appearance of perfectly diaphanous spheres,

which are sometimes isolated, at others surrounded by granulations;

and likewise oil-drops of a beautiful golden colour may be detected : but

the ovaria never seem to contain perfectly developed ova ; these are only

met with in the lateral cavities of the body, where they may frequently be

seen, in different stages of development, floating about between the coeca.

The vitellus and Purkinjean vesicle are always more or less apparent.

When these eggs have acquired their full growth, they stufi', so to speak,

the whole body of the worm, pressing upon the alimentary canal to such

a degree that it seems in danger of becoming atrophied, and almost

completely effacing the median abdominal cavity
;
nay, so closely are

they squeezed against each other, that they lose their spherical form

and become polygonal. The number of these eggs is prodigious ; and

M. de Quatrefages estimates seven or eight thousand to be a moderate

complement for a middle-sized worm of this description.

(400.) The male Nemerteans present phenomena very similar to those

just described as occurring in the female. At the period of reproduc-
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tion, the testicular cseca become filled with granulations of various sizes,

sometimes isolated, sometimes grouped together in round masses ; but

these do not contain spermatozoids. The latter seem only to occur in

the lateral cavities of the body ; and even there they are found in various

stages of development, from granular masses, such as are met with in the

ovaria, to aggregations of spermatozoids provided with tails and subse-

quently isolated. At length the body of the male Nemertean appears to

be as completely stulfed with spermatozoids as that of the female is with

eggs, and they are ultimately expelled, in prodigious numbers, into the

surrounding water.

(401.) The CcELELMMTHA*, or cavitary intestinal worms of Cuvier,

evidently present a much higher type of structure than any of the pre-

ceding. The Ascaris lumbricoides, as its name imports, so strongly

resembles some of the Annelida in its external configuration, that the

zoologist who should confine his attention to outward form alone, might

be tempted to imagine the affinities connecting them much stronger than

a comparison of their anatomical relations would sanction. This Entozoon

is found in the intestines of many animals, and is endowed with some

considerable capability of locomotion, adapted to the circumstances under

which it lives ; for in this case the worm, instead of being closely im-

prisoned in a circumscribed space, may traverse the entire length of the

intestines in search of a convenient locality and suitable food.

(402.) In accordance with such an enlarged sphere of existence, we
observe muscular fibre distinctly recognizable in the tissues that com-

pose the walls of the body—not as yet, indeed, exhibiting the complete

characteristics of muscle as it is found in higher animals, but arranged

in bundles of contractile filaments, running in determined directions,

and thus capable of acting with greater energy and efi'ect in producing

a variety of movements.

(403.) In this rudimentary state, the muscular fibre does not possess

the density and firmness which it acquires when completely developed
;

it has, when seen under the microscope, a soft, gelatinous appearance,

apparently resulting from a deficiency of fibrin in its composition ; the

transverse striae, usually regarded as characteristic of the muscular

tissue of the more perfect animals, are not yet distinguishable ; and the

individual threads are short, passing over a very small space before they

terminate. On examining the arrangement of these fasciculi, they are

seen to be disposed in two layers, in each of which they assume a dif-

ferent course
;
thus, in the outer layer they are principally arranged in

a longitudinal direction, while the inner stratum of fibres is placed trans-

versely, affecting a 'spiral course, so as to encircle the viscera. From
this simple structure various movements result : by the action of the

longitudinal fasciculi the whole body is shortened
; by the contractions

* (coIXos, hollow
; eX/iti/s, gX/«iv0os, an intestinal worm : having a visceral cavity,

=:ver8 intesiinaux cavitaires of Cuvier,
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of the spiral layer an opposite effect is pro- Fig. 121.

duced ; or by the exertion of circumscribed

portions of the muscular integument, lateral

flexions of the body are effected in any given

direction. These motions in the living worm
are vigorous, and easily excited by stimuli

;

they are therefore abundantly sufficient for

the purpose of progression in such situations

as those in which the creature lives, and
enable it to change its place in the intestines

with faciKty.

(404.) Around the mouth or anterior part

of the cesophagTis there appears to be a

delicate nervous ring, probably specially con-

nected with the association of such move-
ments of the oral extremity as are essential

to the imbibition of nouiishment. From
this oral ring proceed two long nervous fila-

ments (fig. 121, e, e), one of which runs

backwards along the dorsal aspect of the

body, while the other occupies a similar

position upon the ventral surface. The last^

named filament is described by Cloquet as

dividing, in the female Ascaris, at the

point where the termination of the organs

of generation issues from the body (fig. 121,

1, m), so as to enclose the termination of the

vagina in a nervous circle.

(405.) The digestive apparatus in this

order of intestinal worms is very simple.

In Ascaris lumhricoides the aperture of the

mouth (fig. 121, a) is surrounded by three

minute rounded tubercles; into each of \\f^^
these, fasciculi, derived from the longitu- -ili^lw
dinal muscles of the body, are inserted in

such a manner as to cause the separation of

the tubercles and consequent opening of

the mouth, which is again closed by a

sphincter muscle provided for the purpose.
J 11 ^

To the mouth succeeds a short oesophagus c7\ i

(fig. 121, 1 & 2, 6), which is separated by a

constriction from the rest of the alimentary

canal, and woidd seem, from the muscularity

Anatomy of Ascarie lumhricoides. 1. Female Ascaris: n, oral orifice; h, muscular ojsophagus;

c, alimentary canal ; d, termination of ditto at the posterior extremity ofthe body ; e, nervous filn-

ments ;
Ic, convolutions of the two ovigorous canals ; I, uterine rooeptaole. 2. Male Ascaris

:

a, b, c, d, 0, ns above ; /, convolutions of the testes ; g, their terminal dilatation, ending in t, the penis.

1
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of its walls, to be an agent employed in sucking-in tho liquid food

upon which the creature lives. The true digestive cavity (fig. 121,

1 & 2, c c) is a simple and extremely delicate tube, which arises from

the oesophagus, and, without presenting any appearance indicative of

separation into stomach and intestine, gradually enlarges as it proceeds

backwards, until it terminates at the hiader extremity of the body by a

narrow aperture (fig. 121, i & 2, d).

(406). It would seem that the food of these Entozoa, being already

animalized by having undergone a previous digestion, requires little

further preparation ; and we are not surprised at finding, in the gene-

rality of the Ccelelmintha , no accessory glandular apparatus appended

to the digestive canal for the purpose of furnishing auxiliary secretions.

In two species only have tributary secreting organs been detected. In

one example, Gnatliostoma aculeatum (Owen), found in the stomach of

the tiger, and which is remarkable as possessing a pair of rudimentary

jaws, four elongated cseca are appended to the mouth, into which they

pour a fluid, analogous, no doubt, to that of the salivary glands * ; in a

species of Ascaris, found in the stomach of the dugong. Professor Owen
likewise discovered a caecal appendage opening into the alimentary tube,

at some distance from the mouth, and which, without much stretch of

imagination, might be regarded as the first and simplest rudiment of a

biliary system f.

(407.) In further prosecuting our inquiries concerning the process of
nutrition in these Entozoa, we must now speak of a peculiar structure,

first noticed by Cloquet J, and apparently intimately connected with the
assimilation of nutriment. Projecting from the inner siu'face of the
abdominal cavity, especially in the dorsal and ventral regions, there are

a great number of gelatinous, spongy processes {appendices nourriciers),

which, although they have no apparent central cavity, would seem to

be appended to vascular canals seen upon the lateral aspects of the
body :

it is probable, therefore, that their office is to absorb the nutri-
tive juices that exude through the delicate walls of the intestine
and convey them into the circulatory apparatus; or they may be
reservoirs for nourishment, analogous to the adipose tissue of higher
animals.

(408.) In the Ccelelmintha the sexes are separate ; and the generative
organs, both of the male and female, exhibit great simpHcity of struc-
ture. In the female Ascaris, the aperture communicating with the
ovigerous apparatus is placed upon the ventral aspect of the body, a
Uttle anterior to the middle of the worm (fig. 121, i, m). This opening
leads to a wide canal (Z), usually called the uterus ; and from the last-
mentioned organ arise two long and undulating tubes, which, dimi-

* Owen, Proceedings of the Zoological Society, Nov. 1836.

t Preparation No. 429 A, Mus. Coll. Surg., Phys. Catalogue, p. 121.

t Anatomic des Vers intestinaux. Paris, 1824.
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nishing in size, run towards the posterior extremity, where they become
completely filiform, and, turning back upon themselves, are wound in

innumerable tortuous convolutions around the posterior portion of the

alimentary canal, until the termination of each becomes nearly imper-

ceptible, from its extreme tenuity. In these tubes, which, when unra-

velled, are upwards of 4 feet in length, the ova are formed in great

numbers, and are found to advance in maturity as they approach the

dilated terminal receptacle common to both oviducts (I), from which

they are ultimately expelled.

(409.) The attenuated commencements of the genital tubes in the

female Ascaris may be regarded as representing the ovary, wherein

may be discovered numerous small round cells, which, as they advance

forward, begin to be surrounded by a granular vitelline substance,

wherein the primitive nucleated cells are still visible : these cells, there-

fore, ought perhaps to be regarded as germinal vesicles. StiU further

onward the eggs are of a discoidal shape, and are arranged in a row, or

are grouped closely around a rachis that traverses the axis of the ovary.

In that portion of the genital canal which may be considered to re-

present the Pallopian tube the ova become more mature, and subse-

quently, surrounded by a double colourless envelope, pass into the base of

the uterus. This last is the widest portion of the genital tubes, and is

distinguished in the living animal by its well-marked peristaltic action.

The vagina, distinguishable from the uterus by its narrowness and its

muscular walls, opens into the vulva—a narrow transverse fissure, some-

times surrounded by a very remarkable fleshy swelling, generally situ-

ated either in front of or near the middle of the body, but in some cases

in the vicinity of the anus. The sperm is usually accumulated in the

bottom of the uterus to such an extent as to render it probable that this

is the locality where the fecundation of the ova takes place*.

(410). The male Ascaris -p- -^22.

lumhricoides is considerably

smaller than the female, and

the structure of its genera-

tive system remarkably similar

to what has been just described

in the other sex. The testis

or gland, which secretes the

impregnating fluid, is a single,

delicate, tubular filament (fig.

121, 2, /), which, when un-

ravelled, is found to be nearly

3 feet in length, and is seen

winding, in close and almost Trichina spiralis,

inextricable folds, around the middle and hinder parts of the intestine.

* SiobolcT, loc. cit.
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The termination of this tuhe, g, may be traced to the tail or anal ex-

tremity of the worm, where it ends in a filamentary retractile penis, i,

in which the microscope exhibits a minute receptacle, wherein the

seminal fluid accumulates preparatory to its expulsion. During copu-
lation the penis of the male is introduced into the vulva of the female,

by which it is firmly embraced, and the different positions which the

external parts occupy in the two sexes is evidently an arrangement
favourable to their intercourse.

(411.) The TncMna spiralis (fig. 122) is an Entozoon found in im-
mense numbers imbedded in the cellular intervals between the mus-
cular fibres ; and in some instances all the voluntary muscles seem full

of these creatures, exhibiting, when viewed with the naked eye, an
appearance imitated in figure 122, c. On examining the white specks

attentively under the microscope, every one of them is seen to be a
flask-shaped vesicle, apparently formed of condensed cellular mem-
brane, in which the minute animal is lodged ; and when this outer
covering is ruptured, as at a, the worm escapes. A magnified view
of the Entozoon is given at h, coiled up in the position in which it is

seen prior to the destruction of the sac that enclosed it. The body
seems to be filled with granular matter, which escapes when the worm
is torn asunder {d) ; but whether it possesses a true alimentary tube
is not as yet satisfactorily determined.

CHAPTER VIII.

ECHINODEEMATA* (Cuv.).

(412.) The next class of beings which presents itself for our con-
sideration seems, upon a partial survey, to be completely insulated and
distinct from aU other forms of living creatures ; so peculiar is the
external appearance and even the internal organization of the families
composing it. The casual observer who should, for the first time, exa-
mine a starfish or a sea-urchin, two of the most famHiar examples of
the ECHINODEEMATA met with upon our shores, would, indeed, find it a
difficult task to associate them, either to the simpler animals we have
akeady described, or to more perfect forms of existence hereafter to be
mentioned

;
they seem to stand alone in creation, without appearing

to form any portion of that series of relationships which we have
hitherto been able to trace so continuously.

(413.) But this apparent want of conformity to the general laws of
affinity vanishes on more attentive examination ; so that wo may

* exri/os, n hedgehog
; Sepua, the skin.
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not only follow the steps by which every family of this extensive class
merges insensibly into another, but perceive that, at the two opposite
points of the series, the Echinodeemata are intimately in relation with
the Polyps on one hand, while on the other they as obviously approxi-
mate the Annulose animals, to which the most perfectly organized
amongst them bear a striking resemblance.

(414.) It would be impossible within our present limits to do more
than lay before the reader the most important types of structure

Fig. 123.

Series of forms illustrative of the transition effected by the Eehinoderms from the radiate to the
annulose type.

exhibited by the Echinodermata ; it must nevertheless be understood

that innumerable intermediate genera connect the different families ; so

that, however dissimilar the examples we have selected for the purpose

of elucidating their general habits and economy may appear, the grada-

tions leading from one to another are easily discoverable.

(415.) Ceinoid^.—"We have already found that many tribes of Polyps

secrete calcareous matter in large quantities, constructing for themselves

solid skeletons or polyparies, which generally seem to be placed ex-

ternal to their soft and irritable bodies, but occasionally, as in Pen-
natula, within the living substance. Let us for a moment suppose a

polyp supported upon a prolonged stem, and that, instead of depositing

the earthy particles externally, they should be lodged in the substance

of the polyp itself, so as to fill the pedicle, the body, the tentacula

around the mouth, and aU the appendages belonging to the animal with

solid pieces, of definite form ; such pieces, being connected together bj'-

the soft parts, and surrounded on all sides with irritable matter, would

thus form a complete internal skeleton, giving strength and support to

the entire animal, and at the same time allowing flexure in every
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direction. A polyp so constituted would obviously, when dried, present

Fig. 124.
an appearance similar to what is

depicted in the annexed engraving

(fig. 124), representing an Encri-

noid Echinoderm in its perfect con-

dition. That animals thus allied

to polyps in their outward form

have, in former times, existed in

great numbers upon the surface of

our planet is abundantly testified

by the immense quantities of their

remains met with in various calca-

reous strata ; but their occurrence

in a living state is at present ex-

tremely rare : one minute species

only has been detected in our own
seas * ; while specimens of larger

growth, such as that represented

in the engraving, derived from

tropical climates, are so seldom

met with, that it is fortunate one

or two examples have been found,

to reveal to us the real structure

of a race of animals once so

common, but now almost com-
pletely extinct. The body of the

Encrinus (fig. 124, a) (or pelvis, as the central portion of the animal is

termed by geological writers) is composed of numerous calcareous
pieces, varying in shape and arrangement, so as to become important
guides to the identification of fossil species. From this central part
arise the large rays (6, 6), each furnished with a double row of articulated
appendages, which, as weU as the arms, are no doubt instruments for
seizing prey and conveying it to the mouth, situated in the centre of
the body, near the point a. This part of the animal, when found in a
fossil state, from its resemblance to a flower, has received the common
name of a " lily stone."

(416.) The body above described, with the rays proceeding from it is
supported upon a long pedicle (e), divided into countless segments; and
upon the sides of the stem, simHarly constructed filamentary branches
{d, d) are fixed at equal intervals. The skeleton of an Encrinite consists,
therefore, of thousands of regularly shaped masses of calcareous earthi
kept together by the Hving and irritable flesh in which they are im-
bedded

;
and it is to the contractions of this living investment that the

1827^4to"^^'"'
concerning the Pentacrinus eiiropcBUs. Cork,

EncrinuB.

N 2
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movemonts of the animal are due ; hut after the death of the creature,

Pig. 125.

Fossil Enorinite—showing on a larger scale fragments of the stem, named " Trochi " and " St
Cuthbert's beads."

and the consequent destruction of its soft parts, the iDieces of the earthy-

framework hecome separated and fall asunder, forming the fossil remains

Fig. 126.

Encrimu evropteus: a, magnifled; b, natural size.

called "l^rochi," and known in the northern districts of our own island,

where they are very abundant, as " St. Cuthbei'i's beads."

(417.) Of the internal structure of the Encrinitos nothing is satisfac-
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torily known. That they possessed a distinct mouth and anal aperture

is evident from the structure of the plates of the body ; but this is the

extent of our information concerning them*.

(418.) AsTERiD^.—In order to convert an Encrinus into an animal

capable of locomotion and able to crawl about at the bottom of the sea,

little further would be requisite than to separate the body and arms
from the fixed pedicle upon which they are supported ; we should then
have a creature resembling in every particular the Starfishes. The
Comatula, for example (fig. 127), one of the lowest of the asteroid Echino-

dermata, might be looked upon as an animal thus detached. The
central part, or body, which contains the viscera, is made up of nume-
rous calcareous plates, having in its centre a steUiform mouth ; and near
this is a tubular orifice, probably to be regarded as an anus. Around
the margin of the central disk alrise five stunted arms ; but these imme-
diately divide into a variable number of long radiating branches, com-
posed, like those of the Encrinus, of innumerable articulated earthy
pieces enveloped in a living and irritable integument. We find, more-

Fig. 127.

Comatiila.

over, issmng from the sides of every one of the prolonged rays, a double
row of secondary filaments, each containing an internal jointed skeleton
and capable of independent motion. The complicated arms of the
Comatula, therefore, are not, like those of the Polyp, merely adapted to

» For a detailccl account of the fossil Encrinites, the reader is referred to 'A NaturalHistory of the Cr.no.dea, or Lily-shaped Animals,' by J. S. Miller. 4to, BristouS
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seize prey, but, from their superior firrauees, may be used as so many
legs, enabling the animal to travel from place to place.

Setting out from this point to trace the gradual development of orga-

nization in the Echiuodermata, we shall observe a progressive concen-

tration of their entire structure. The central part, or visceral cavity, so

small in the Comatula when compared with the complicated rays derived

from it, enlarges in its proportional dimensions as the viscera contained

within it become more perfect in their arrangement, whilst, on the

other hand, the radiating or polyp form, so visible in Encrinus and
Comatula, becomes obliterated by degrees, until, at length, almost all

vestiges of it are lost, or but obscurely recognizable.

In the Oorgonoceplidlus (fig. 128), the proportionate size of the rays,

when compared with that of the central disk, stiU preponderates very

considerably, although even here some concentration is manifest. The

Fig. 128.

Gorgonocephalus.

secondary articulated filaments appended to the rays of Comatula are no

longer recognizable, their place being supplied by the continual division

and subdivision of the rays themselves : the same end, however, is

obtained in both cases ; for the numerous jointed and flexible rays of

OorgonocepMlus stiU form so many legs, enabling the creature to

drag itself along the bottom of the sea, or to entwine itself among

submarine plants, as well as supplying the office of tcntacula in

securing food.

(419.) Continuing our progress towards more perfect forms of these
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remaa-kable animals, we at length arrive at genera in which the rays

become divested of all elongated appendages, either in the shape of arti-

culated lateral filaments or dichotomous ramifications. In OpJdurus,

for instance (fig. 129), the rays are long and simple, resembling the tails

of so many serpents—a circumstance from which the name of the

family is derived ; nevertheless on each side of every ray we still trace

moveable lateral spines, which, although but mere rudiments of what

we have seen in Oomatula, may yet assist in locomotion, or perhaps may
contribute to retain prey more firmly when seized by the arms. The

Fig. 129.

Ophiurus.

rays themselves are composed of many pieces curiously imbricated
and joined together by ligaments, so that they are, from their length
and tenuity, extremely flexible in all directions, and serve not only for
legs, adapted to crawl upon the ground, but aro occasionally serviceable
as fins—able to support the animal in the water for a short distance by
a kind of undulatory movement. The body, or central disk, is beauti-
fuUy constructed, being made up of innumerable pieces accurately fitted
together. The mouth occupies the centre of the ventral surface, and is
surrounded by radiating furrows, in which arc seen minute apertures
that give passage to a set of remarkable prehensile organs, to be de-
scribed hereafter: these are calculated to act as suckers, and so disposed
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as either to fix the body of the animal, or to retain food during the
process of deglutition.

(420.) Leaving the OpMuri, we are led through a long series of
almost imperceptible gradations to the Starfishes {Asterias) (fig. 130);
in these, from the increased size of the body, the rays are united at
their origiii, and become so much dilated as to contain prolongations of
the viscera lodged in their interior—an arrangement not met with in

OpJiiuri and other slender-rayed Asteridce. The dilatation of the central
part proceeds, and in the same proportion the rays become obliterated

;

so that by degrees the asteroid shape becomes totally lost by the pro-
gressive filling up of the interspaces betvs^een the rays, and we arrive

ultimately at completely pentagonal forms, the sides of the pentagon
being perfectly straight lines.

(421.) It is extremely interesting to observe the changes which occur

Fig. 130.

Aaterias, common Starfish.

in the nature of the locomotive organs during these diversifications of

external figure. "We have seen that, in the lower Echinodermata, pos-

sessing long and flexible rays, such organs were fully adequate to per-

form all movements needful for progression ; but as the mobility of

these parts is diminished by their gradual curtailment and the filling

up of the spaces between them, some compensating contrivance becomes

indispensably necessary; and accordingly we find an apparatus gradually

developed, well calculated to meet the exigences of the case. In Ophi-

urus we have already mentioned the existence of jirotrusible suckers

around the opening of the mouth, well adapted, from their position, to

take firm hold of food seized by the animal ; and it is by increasing the
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number of such organs that ample compensation is made for the loss of

motion in the rays themselves. On examining the lower surface of an

Ast&rias, even in those forms which most approximate to a right-lined

pentagon in their marginal contour, the number of rays will stiU be

found to bo distinctly indicated by as many furrows radiating from the

mouth, and indicating the centre of each division of the body. These

" amhulacml fiirroius," as they are termed, exhibit, when examined in

a dried specimen, innumerable orifices arranged in parallel rows, through

each of which, when alive, the animal could protrude a prehensile

sucker, capable of being securely attached to any smooth surface

(fig. 135).

No verbal description can at all do justice to this wonderful mecha-

nism, even leaving out of the question the means by which each indi-

vidual sucker is wielded (of this we shall speak hereafter); but let any

of our readers, when opportunity offers, pick up from the beach one

of these animals, the common Starfish of our coast, which, as it Hes

upon the sand, left by the retiring waves, appears so incapable of move-
ment, so utterly helpless and inanimate ; let him place it in a large

glass jar filled with its native element, and watch the admirable spec-

tacle which it then presents. Slowly its tapering rays expand to

their full stretch ; hundreds of feet are gradually protruded through the

ambulacral apertures ; and each, apparently possessed of independent

action, fixes itself to the sides of the vessel as the animal begins its

march. The numerous suckers are soon all employed, fixing and de-

taching themselves alternately, some remaining firmly adherent, while
others change their position ; and thus, by an equable gliding move-
ment, the Starfish climbs the sides of the glass in which it is confined,

or scales the perpendicular surface of the submarine rock.

It is not only as agents in locomotion that the ambulacral suckers are

used ; for, helpless as these creatures appear to be, they are among the
most voracious inmates of the deep, as will be readily admitted by any
one who watches them in the act of devouring prey. When seizing its

food, the rays of the Asterias are bent towards the ventral aspect, so as
to form a kind of cup, in the centre of which is the opening of the
mouth. The cup thus formed will, to a certain extent, lay hold of a
passing victim; but, without other means of securing it, the grasp would
scarcely be very formidable to animals possessed of any strength : armed,
however, as the rays have been found to be, with hundreds of tenacious
suckers, escape is almost impossible ; for prey, once seized, is secured by
every part of its surface, and, in spite of its utmost efforts, is speedily
dragged into the mouth, and engulfed in the capacious stomach, where
its soft parts are soon dissolved.

But to continue our survey of the class before us. Having arrived
at the point at which, by the diminution of the rays and consequent
extension of the central part, the body lias assumed a pentagonal out-
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line, we may now advance in an equally gradual manner to those

globular species of which the Echinus or Sea-Urclun is the tyjje or most
perfect example.

(422.) EcHii^n)^.—In the JScutellce (fig. 131), we have a flat and
shield-like body, in which even the angles of the margin are lost, and
the whole circumference acquires a circular form; but still the five

radiating ambulacra are visible upon the centre of the disk, although

evidently imperfectly developed when compared with those of the Aste-

rid® above-mentioned. The nature of the integument has, in fact, be-

come so changed, that another modification of the locomotive organs is

now imperatively caUed for; and the means of progression are therefore

proportionately altered. In the Asteridse, the integuments, especially

upon the dorsal aspect, are always more or less composed of a coriaceoucs

material, or, at least, of solid pieces so articulated together as to permit

Fig. 131

Scutella.

of considerable flexibility : but in the Echinida) the nature of the ex-

ternal covering is very different ; for these creatures seem completely

encased in a dense calcareous shell, composed ofnumerous angular pieces

accurately fitted together and incapable of movement. The Scutellw,

moreover, bury themselves beneath the surface of the sand—a situation

in which suckers would be of little use, but for which these animals

are admirably adapted by a contrivance not less calculated to excite the

admiration of the observer. The exterior of the shell is entirely covered

with minute appendages resembling, when seen with the naked eye,

delicate hairs ; but these, when examined under a microscope, are found

to be spines of most elaborate structure, as is evident from the mag-

nified view of one represented in the annexed figure (fig. 131). Innu-
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merable as these spines are, every one of them is articulated to the shell

by a kind of ball-and-socket joint, and susceptible of being moved in all

directions ; so that by their combined efforts the Scutella can speedily bury

itself, either for the purpose of procuring food, or of eluding observation.

(423.) From the flat Scutellce-, the passage to the globose Echinidae

is uninterrupted ; and a beautiful series of connecting forms (many still

existing as living species, but a still greater number found only in a

fossil state) demonstrate the progressive expansion of the shell, and

its conversion into the spherical figure seen in the Echinus esculentus

(fig. 132). The Echinus in shape resembles an orange, its dense calca-

reous crust enclosing the viscera within its cavity, while the locomotive

apparatus is placed upon the external surface. The mouth is a simple

orifice in the shell, placed at one extremity of its axis ; and through it,

as delineated in the figure, the points of five singular teeth project

externally ; while the anal aperture is situated at the opposite pole of

the sphere. The instruments of locomotion occupy the entire superficies

of the shell, and represent two distinct sets of organs adapted to dififerent

uses. The first represent of a multitude of sharp purple spines, every one

of which is articulated to a distinct and prominent tubercle, whereon it

Fig. 132.

Echinus esoulentus.

moves. These numerous spines, therefore, which are essentially similar

in their office to those we have already described in Scutella, differing

only in proportionate size, arc so many inflexible legs, upon which the
Echinus rolls itself from place to place ; or by their assistance it can
bury itself in the sand with the greatest facility. But these wonder-
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fully constructed animals arc by no means confined to this mode of
progression

;
for, impossible as it might appear from their outward ap-

pearance, they are able to climb rocks in search of food, and thus destroy

the corallines and shell-fish upon which they principally feed. In order

to eifect this, we find the shell perforated with ten rows of small orifices,

so disposed as to form five pairs of ambulacra extending from one pole to

the other : through these apertures a system of long suckers is made to

issue, which, protruding (as shown in fig. 132) beyond the points of

the spines, can be firmly fixed to any smooth surface, and, like the

suckers of Asterias, become locomotive agents.

(424.) HoLOTHFRiD^.—Having traced the development of the Echino-

dermata from the polypiform Bncrinite to the globular Echinus, we now
shall find them perceptibly approximate an annulose or worm-like form.

In the Holothuria (fig. 123), the commencement of this change is per-

ceptible : instead of being composed of hard, calcareous pieces, the in-

teguments of the body now become soft and irritable, a few thin laminae

of earthy matter around the mouth being the only vestiges uf the shell,

and the spines, of course,, are no longer met with ; the suckers, however,

remain, and, when protruded through innumerable apertures distributed

over the surface of the body, they still form the principal instruments

of progression.

(425.) FisTuiAKn)^.—At length, in the last division of the class, even

the locomotive suckers are lost, and the only external resemblance left

between the now worm-like body and the forms above enumerated, is

met with in the radiating tentacula that surround the mouth. The

apodous Echinodermata (" Echinodermes sans pieds " of Cuvier) have

indeed been expunged from the list of radiated animals by some modem
writers ; but in every point of their internal structure we shall find

them ofi'er too many points of similarity to permit of their expulsion

from the class under consideration, although they evidently form the

connecting link between the Radiata and the lowest families of the

Annulose division of the animal kingdom. The genus Fistulana

(fig. 133) strikingly exhibits an approximation to the outward form of

the Annelida ; and the anatomy of these creatures, which we shall

presently consider, equally indicates the afiinities that unite them.

(426.) "We have already, when speaking of the general division of the

Echinodebmata, put the reader in possession of all that is satisfactorily

known concerning the structure of the Crinoid* genera,—our knowledge

of those singular animals being entirely derived from the exterior con-

formation of a few recent species, and from the mutilated skeletons of

fossil Encrinites, which exist in such abundance in the limestone strata

of our own country.

(427.) Commencing, therefore, with the AsTERicjit, we shall now

* Kpivov, a lily
;

elJos, likeness.

t Tho name of tbis family and of its typical genus arc ilorivod from oarj/p, n star.
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enter at once upon tho consideration of the anatomy of such species as

have been most carefully examined, and merely notice incidentally the

modifications which occur in the disposition

of various organs in kindred genera.

(428.) On examining a living Asterias,

the outer covering of its body is found to be

composed of a dense coriaceous substance,

in which numerous calcareous pieces are

apparently imbedded. The coriaceous in-

tegument is generally coloured externally

with lively tints, and is evidently possessed

of considerable irritability, as it readily

shrinks under the knife, or upon the appli-

cation of various stimuli. When cut into,

it has a semicartilaginous hardness ; and
fibrous bands, almost resembling tendon in

their aspect, may be seen to radiate from
the centre of the body towards the extre-

mities ofthe rays. There is no doubt that the

movements of the rays are effected by the

contractions of this fibrous membrane, and
that, especially in the most polyp-like forms,

as in Comatula and Gorgomceplialus, the

irritable skin is the principal agent in effect-,

ing locomotion.

(429.) Besides the calcareous matter de-

posited in its interior, this outer covering

of the Starfish appears to furnish several

secretions of different descriptions. The
colouring-matter upon its surface is no
doubt one of these—as is a reddish fluid

which exudes from the integument of A.
rubens, and is of so caustic a quality as occa-

sionally tp produce great irritation of the
skin in persons by whom individuals of this

species are incautiously handled : moreover
in A. aurantiaca the whole animal is coated
with a thick mucus, so dense and filamen-
tous that it may be raised in thin films re-
sembling a cobweb, and might easily be
taken for a cuticular covering.

(430.) The exterior of the body is generally rendered rough and un-
even by various structures, either imbedded in the substance of the
coriaceous skin or projecting from its external surface. We have
already described the articulated pieces attached to the rays of Ooma

Fistularia.
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tula and others, which seem to be the most perfectly developed forms
of these cutaneous appendages. In the common .Starfishes of our
coast, similar spinous processes, but composed of only one calcareous
piece, are attached to the inferior margins of each ray, sometimes in

several rows
; and, being still moveable, they may be useful in seizing

prey, or even as assisting in progression. Upon the dorsal aspect of
the body are other calcareous projections, exhibiting a great variety of
forms, so as to render the entire surface of the animal uneven and
tuberculated.

(431.) But the most remarkable appendages to the integument of

the Asterias are minute bodies which have been named by authors

Pedicellarice, and have been looked upon by many naturalists as distinct

animals, allied to Polyps in structure, and living parasitically upon Star-

fishes and other Echinodermata. Each of these curious processes con-

sists of a short stem, fixed by one extremity to the skin of the Asterias,

and terminating at the opposite end in two or three points resembling,

in some respects, the prongs of a fork : the stem itself does not seem
to be perforated by any canal; nevertheless the terminating points

are found to be highly irritable, and quickly seize hold of any minute

body placed between them. Some writers regard these bodies as organs

of prehension, used under certain circumstances for fixing the animals

that possess them
;
but, from their small size and general appearance,

they seem but ill adapted to such an ofl3.ce.

(432.) The skeleton or calcareous framework imbedded in the skin of

the Asteridae is by no means the least remarkable part of their structure.

This consists of several hundred pieces, variously disposed, and for the

most part fitted together with great accuracy, being either firmly sol-

dered to each other, as we have seen them to be in the formation of the

calcareous box that constitutes the central portion of Ophiurm, or united

by ligaments, so as to allow a considerable degree of motion to take

place between them, as in the rays of Ophiurm, GorgonocepTialus, and

other Asteroid forms.

(433.) In the generality of Starfishes the arrangement, and indeed

the entire character, of the calcareous plates diflPers materially in dif-

ferent parts of the body ; and even in the same species considerable

modifications are observable. In the coriaceous integument forming

the dorsal parietes of the animal, the pieces in many cases seem rather

to be represented by calcareous granules disseminated through the in-

terior of the skin ; in other cases they are arranged in lines anasto-

mosing with each other in aU directions, so as to represent, when the

skin is dried, a rude network of solid particles, upon the exterior of

which the various cutaneous appendages already noticed are sustained.

(434.) It is, however, upon the ventral aspect of the Asterias that

the skeleton assumes its most perfect development. The floor of every

ray is made up of a continuous series of detached pieces, or vertehrcv,
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as thoy ai-e generally called, fitted to each other and united by a strong
ligamentous substance, so as to form a succession of joints, upon which
the flexibility of the ray depends. The pieces around the mouth con-
stitute a strong circular framework enclosing the oral aperture, from
which, as from the centre, the rest of the skeleton radiates. The joints
forming the floor of the ray succeed to this ; these are represented in
fig. 134, where, the soft parts having been removed from the ray, their
general arrangement is displayed.

(435.) The vertebrae, as they are called, when thus exposed are found
to be individually composed of several pieces, and each is articulated by
obliqne facets to those which precede and follow it,—a kind of union

Kg. 134.

bi;iorrcL?'*'"^'°''^'~'
starfish (^,.«Ha,„.J.„.): a, vertebral plates ; 6,axn-

that admits of considerable motion, and provides for the flexibility of the
ray, so as to render it capable of executing the movements requisite for
the purpose of progression, or of seizing prey. The connexion of the
vertebrje is effected in such a manner, that between each pair of calca
reous plates minute orifices are left, which in the entire state of the ray
are seen to be arranged in a quadruple series; these holes give passage
0 the locomotive suckers, and from this circumstance have been namedthe amhulacral holes, while the furrows seen upon the ventral surface

into which they open, are designated the amhulacral grooves

hrough the ambulacral apertures, forming the principal agents wh'eby
loconao1.on IS eifected, next require our notice. InL annexed figurl

bevond tL "TJ""^^ ^''^'''^^ distancebeyond the margins of the ambulacral grooves that occupy the middleof each ray every one of them being furnished at its extremity with Isucking-disk, adapted to take firm hold upon any smooth surface. Thlmechanism whereby these suckers (or feet, as they are usuaUy called)are extended from the body and again retracted is very simple Thaportion of each foot which is external to the shell is a muscular tube
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closed at one extremity, namely that whoreunto the sucker is apiiended

;

whilst by the opposite it communicates, through the corresponding

ambulacral hole, with a globular contractile vesicle situated within the

Fig. 135.

Under surface of Asterias {Goniaster reticulata), showing the ambulacral grooves and pro-

truded suckers.

body of the animal. Both the tubular foot and the vesicle appended

to it are endowed with a power of independent action ; so that, if the

vesicle contracts, the fluid within it is forced into the external tubular

portion of the organ, which thus becomes distended and rendered erect

;

but if, on the other hand, the muscular tube shrinks in turn, the con-

tained fluid is forced back again into the internal vesicle, and the whole

foot collapses. The arrangement referred to will be easily inteUigible

on reference to the annexed rough diagram, which represents a lon-

gitudinal section of one of the rays of the Asterias depicted above.

The internal vesicles (fig. 136, i, h) occupy the floor of each segment of

the body ; and when viewed from above (fig. 138), the entire series

resembles a necklace of transparent beads placed above the rows of am-

bulacral apertures, through which they communicate with the tubular
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feet (fig. 136, i, g). In fig. 136, 2, three of these organs are represented
m different states of extension, and their whole structure is displayed.
The foot d is shown protruded to its full extent ; the vesicle, much
contracted, has forced the fluid which it contained into the external
tube (i), whereby it is rendered tense and prominent. The muscular
coats that invest the exterior of the protruded portion are likewise de-
picted

; the internal layer (Jc), immediately in contact with the mem-
branous canal continued from the vesicle, is made up of longitudinal
bands passing from the root of the organ towards the sucker at its ex-

Fig. 136.

1. Diagrammatic section of a starfish • a monUi • ;> =f«^o„i, . • u. i.- -u
Burf^e; e, ambula^ral plates; /. ovarTum rtubuia; tT *

— ^
dorsal

trennty,_while the outer layer (I) consists of circular fibres,-an arrange-

"^Tl-^Jl T^ 1 '^^''^ *° performance of aU required movements.
(437.) The other portions of this diagram represent the feet in dif-

ferent stages of protrusion: in fig. 136, 2, c, the vesicle being partiaUy

tained fl^;-d / .
" ' ''^^ ^^^^ state, the con:

dZ! wt '^'^'^P^'*'^^ expeHedfrom the muscular tube and

JZ\ t ^hich is distended to the utmost.
(438.) The fluid that thus fills the suckers, and performs so import-

ant a part m causing aH their movements, is not secreted by tho vesicles
in which It IS contained, but is conveyed into them by a special vas-cular apparatus (fig. 136, .,,/), from which branches are given off toeach tube. The nature of the fluid, however, and the arrangemen

heerftr ^--d

0



194 ECniNODEEMATA.

(439.) The whole inner surface of the elaborately constructed box

that forms the skeletoa as well as the integuments of the Starfish is

lined by a thin membrane, aptly enough called the peritoneum
;
for, like

the serous tunic so named in higher animals, it not only spreads over

the walls of the body, but is reflected therefrom upon the contained

viscera, so that they are completely invested by it, each viscus having a

distinct mesenteric fold whereby it is supported and retained in situ.

(440.) The mouth of the Asterias occupies the centre of the lower

surface of the body (fig. 136, i, a). It is usually described as being a

simple orifice, entirely destitute of teeth, although it is not improbable

that the osseous ring around it, and the articulated spines thereunto

attached, may, to a certain extent, perform the office of a dental appa-

ratus.

(441.) The oesophagus is very muscular, and susceptible of great

dilatation, its parietes being gathered into deep longitudinal folds. The

stomach (fig. 136, i, 6) is a wide, sacculated bag, occupying the central

portion of the body, and, like the oesophagus, is evidently calculated to

undergo considerable distention. There is no anal orifice ; and conse-

quently, as in the Polyps, the indigestible parts of the food are again

expelled through the mouth. The walls of the stomach, as well as those

of the oesophagus, contain muscular fibres, aud are further strengthened

by fibrous bands, apparently of a ligamentous character, derived from

the peritoneal covering that spreads over its outer surface. Ten narrow

canals open by as many distinct orifices into the sides of the stomach,

each of which, after a short course, expands into a voluminous caecum

(fig. 136, 1, c).

(442.) The whole of the digestive apparatus is displayed in fig. 137:

every one of the five rays contains two of the csecal prolongations derived

from the stomach or central bag (a) ; and in the rays marked c, d, e

these organs are represented in situ ; but at / they are seen raised from

their natural position and carefully unravelled, so as to display more

distinctly their complicated structure. When thus unfolded, the cceca

present an arborescent appearance, the central canal being dilated into

numerous lateral sacculi, from which, in turn, secondary pouches are

given off ; and in this manner innumerable ramifications are formed, so

that the extent of internal surface is enormously increased, as may be

seen in the ray g, wherein, the upper walls of the caeca having been

removed, their sacculated internal structure is rendered visible.

(443.) With respect to the exact office of these capacious appendages

to the stomach, there exists some diversity of opinion. It is scarcely

possible that they can be at all instrumental in the digestion of food,

the passages whereby they communicate with the central cavity being

too narrow to admit any solid substance into their interior ; the digestive

process would therefore seem to be entirely accomplished by the re-

ceptacle into which the food is first introduced.
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(444.) But thero is every evidouce to prove that, although they can
have Httle part in digestion, the caeca are intimately connected with the
absorption of nutriment; and thus, although possessing no excretory
onfice, they must be looked upon as strictly analogous in function to the
intestinal canal of other

animals; the great extent

of surface which they

present internally would
alone lead to this suppo-

sition, even did not the

nature of the material

usually found in them,

namely a pultaceous

creamy fluid, evidently a

product of digestion,

abundantly confirm this

view of their nature.

The matter seems, how-
ever, to be put beyond
a doubt by the arrange-

ment of the vascular

system connected with
these organs, as the

Digestive apparatus o{ Asferias: a, stomach; b, hepatic (?)
glands; c,d, e caeoal appendages in situ;/, the same unraveUed

;

g, the same laid open, showing their sacculated interior.

veins ttiat ramify so extensively through their walls are here as in
other Echinodermata, the only agents by which the absorption of chvle
can be_ effected: this wiU be evident when we examine the organs
subservient to the circulation of the nutritious fluids.

(445.) Those physiologists who have adopted a different view of the
nature of the caecal appendages to the stomach, consider them to beadapted to the secretion of some fluid, and probably representing abihary apparatus. Their enormous extent, however, would alone leadus to dissent from such a conclusion, more especiaUy as another organ^s been pointed out to which the functions of a liver have been assigned.Tins IS situated upon the base of the stomach (fig. 137, b) and is aye low or greenish-yeUow racemose sacculus, whfch opens "to hebottom of the digestive sac by a free apertiire ; the contents of thi!organ moreover, resemble bile both in taste and Colour*
(446.) In the slender-rayed genera, such as Onhiura, the caecalappendages are not met with

; but their deficiency appears to be sup-phed by the phcated walls of the stomach itself, tL numerous folds ofwhich resemble lateral leaflets attached to the central cavity We artunacquainted with the precise organization of the aUmentary canalT
Corructula; but, from the orifices visible in the shell, it would aj^

* Delle Chinje.

0 2
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that in this genus, as well as in some Crinoid species, the digestive tube

was furnished with an anal aperture.

(447.) The Starfishes, grossly considered, might be regarded as mere
walking stomachs, and the office assigned to them in the economy of

nature that of devouring all sorts of garbage and offal that would

otherwise accumulate upon our shores. But, as wo have already seen,

their diet is by no means exclusively limited to such materials, since

crustaceans, shell-fish of various kinds, and even small fishes, easily

fall victims to their voracity. Dello Chiaje found a human molar tooth

in the stomach of an individual which, he examined. Neither is the

size of the prey whereon they feed so diminutive as we might suppose

from a mere inspection of the orifice representing the mouth ; for not

only is this extremely dilatable, but, as we have foim.d to be the case in

the Actiniae, the stomach is occasionally partially inverted, in order

more completely to embrace substances about to be devoured. Shell-

fishes are frequently swallowed whole ; and a living specimen of Cluima

antiquata, Linn., has been taken entire from the digestive cavity of

an Asterias. It appears, moreover, that it is not necessary for testa-

ceous mollusca to be absolutely swallowed, shells and aU., to enable the

Asteridse to obtain possession of the enclosed animal, as they would

seem to have the power of attacking large oysters, to which they are

generally believed to be peculiarly destructive, and of eating them out

of their shells. The ancients believed that, in order to accomplish this,

the stai-fish, on finding an oyster partially open, cunningly inserted

one of its rays between the valves, and thus, gradually insinuating

itself, destroyed its victim*. Modern observations do not, as far as we

are aware, fully bear out the above opinion of our ancestors as to the

mode in which starfishes attack oysters, although the destruction that

they cause is pretty generally acknowledged. The observations re-

corded by M. Eudes Deslongchamps upon this subject are exceedingly

curious t. As the waves had receded from the shore, so as to leave only

one or two inches of water upon the sand, he saw numbers of Asterias

rubens rolling in bunches, five or six being fastened together into a sort

of ball by the interlacement of their rays. He examined a great

number of such balls, and constantly found in the centre a bivalve

* This may be gathered from Aldrovandus, who writes as follows :
" Alii ostrc-

arum hostes sunt Stellse marinas moUi orusta intoctic, vero tam crudeliter (ut ^lianus,

lib. ix. cap. 22, ait) inimica> ut ha; ipsas exedant et conficiunt. Eatio insidiarum

quas eis moliuntur ejusmodi est. Cvim testacea suas patefaciant conchas, ciim vel

refrigoratione egent, vel ut aliquid pertinens nd victum incidat ; ea;, uno do suis sivo

cruribus siyo radiis intra tcstas ostroaj hiantis insito eas claudi prohibento, came

implentur " (Testae, lib. iii. p. 487). Thus likewise Oppian :—
" Sic struit insidias, sic subdola fraudes

Stella marina parat, sed nuUo adjuta lapillo

Nititur, et pedibus scabris disjungit hiantcs."

t Bulletin des Sciences do M. le Baron Fd'russac, vol. x. p. 296.
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mollusk {Mactra stultorum, Linn.) of an inch and a half in length.

The valves were invariably opened to the extent of 2 or 3 lines
;
and

the stai'fishes were always ranged with their mouths in contact with

the edges of the valves.

(448.) On detaching them from the shell which they thus impri-

soned, he found that they had introduced between the valves large

rounded vesicles with very thin walls, and filled with a transparent

fluid. Each Asterias had five of these vesicles ranged around its mouth

:

but they were of very unequal size ;
generally there were two larger

than the rest, equal in size to large filberts, whUe the other three were

not bigger than small peas. These vesicles appeared to be attached to

the Asterias by short pedicles ; and at the opposite end of each was a

round open aperture, through which the fluid contained in the vesicle

flowed out, drop by drop. No sooner was the animal detached from the

shell that it was thus sucking, than the vesicles collapsed and became

no longer distinguishable. The Mactrce were all found to be more or

less devoured, some having only their adductor muscles left ; but, how-

ever little they had been injured, all had lost the power of closing their

valves, and were apparently dead : nevertheless there was nothing to

lead to the supposition that only dead shell-fishes were attacked; so that

it is difficult to imagine how the delicate vesicles above described

escaped injury from the closing of the valves. M. Deslongchamps

thinks that probably the Asterias pours into the shell a torpifying

secretion, and thus ensures the death of its victim.

(449.) The absorption of the nutritious portions of the food in the

Echinodermata is entirely accomplished by the veins distributed upon

the coats of the digestive cavities, so that the chyle resulting from

digestion is at once introduced into the vessels appropriated to cir-

culation,

(450.) In Asterias the intestinal veins form a fine vascular network,

covering the stomach and the ten digestive cceca. The venous trunks

derived from aU these sources unite to form a circular vessel (fig. 138, e),

which likewise receives branches derived from the ovaria and other

sources.

(451.) The circular vein thus formed, which seems to bo the common
trunk of the venous system, communicates with another vascular circle

I)laced around the mouth (s), by means of a dilated vertical tube of

communication (/), which, from its muscular appearance and great

irritability, Tiedemann regards as being equivalent in function to a

heart. The circle around the mouth (s) would seem to be arterial in

its character ; and branches are derived from it which supply the various

viscera of the body.

(452). But, besides the vessels above described, apparently so dis-

posed as to collect and distribute the nutrient fluids, there is another set

of canals appropriated to the supply of the numerous vesicles connected
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with the locomotive suckers (§ 438); these Tiedemann regards as being

totally unconnected with the vascular system properly so called, and

considers the fluid contained in them to bo of a quite different nature.

Delle Chiaje, on the contrary, asserts that the two sets of vessels are

derived from each other, and describes a peculiar apparatus connected

with them as performing an important part in effecting the protrusion

of the suckers. p. jgg
(453.) The circular

vessel around the

mouth, which forms the

central receptacle of the

vascular system, resem-

bles a sinus analogous

to those of the dura

mater in man, and is

lodged in a gToove be-

tween the oral circle of

vertebrae and the pieces

of the skeleton articu-

lated therewith. Con-

nected with the sinus

above mentioned, and

placed regularly in the

interspaces between the

rays, are several oval

vesicles (fig. 138, h Tc),

filled with a reddish-

coloured transparent

fluid. These vesicles,

which in AsteriaS au- ^simasoMraniiacaopened, from above: a, dorsal panetes

. , reflected; 6, c, ti, floor of the rays, exhibiting the ambiilacral
rantiaca are seventeen yesioles ; e, dorsai circular vessel ; /, heart; s, circular vessel

in number, COmmuni- surrounding the mouth ; i,fc,ampullcePolianffi.

eate by distinct ducts with the central sinus, and are regarded by Delle

Chiaje as reservoirs wherein the nutritive fluids accumulate until

expelled by the contraction of the vesicles. Besides the arteries above

described as arising from the vascular circle around the mouth, accord-

ing to the author last mentioned, vessels are given off that communi-

cate with the ampullar connected with the ambulacral suckers, appa-

rently for the purpose of supplying to them the fluid which they con-

tain. These vessels are seen to run along the floor of each ray, and to

give off lateral branches communicating with every vesicle, as repre-

sented in the enlarged sketch (fig. 136, 2, g). By this arrangement it

would seem that the contractile organs (fig. 136, 2, e) appended to the

vascular sinus (/) are in reality antagonistic to the tubular structure of

the feet, and serve as receptacles for fluid, which, by their contraction.
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they can force into the whole system of locomotive suckers whenever the

feet are brought into action.

(454.) Tlie above ^dew of the arrangment of the vascular system of

Asterias, however, is by no means universally admitted to be correct.

Professor Sharpey agrees with Tiedemann in the opinion that the vessels

of the feet form a system perfectly distinct from that of the blood-vessels,

and even supposes that the fluid by which the ambulacral tubes become

distended is neither more nor less than pure sea-water.

(455.) In the Echinodermata therefore there are :—1st, the cavity of

the body (i. e. the spacious interval which separates the digestive from

the tegumentary system), filled with a fluid designated chylaqueous

;

2nd, the protrusile suctorial feet, occupied by another class of fluid

(this system constitutes the water-vascular system of Tiedemann and

Miiller)
;
3rd, the blood-vascular system of Tiedemann, Delle Chiaje,

Valentin, Agassiz, Dr. Sharpey, and Miiller. These three systems are

generally regarded as distinct and independent.

(456.) The mass of fluid occupying the visceral cavity of the Echino-

derms (bounded on one side by the digestive system, on the other by the

integuments) has been generally described as consisting purely of sea-

water admitted directly from without, through the skin, for the exclusive

purpose of aerating the blood proper, said to circulate in a capillary

system of vessels wrought in the solid parietes circumscribing the

cavity. In the Asteridse, Echinidse, Ophiuridfe, and Ophiocomidae it

cannot be denied that the cavity itself is the anatomical homologue of a

real perigastric cavity; while in the Holothuridan and Sipunculidan

genera it presents itself as a chamber filled with a chylaqueous com-

pound, under the form of a thickly corpusculated milky fluid organized

in a high degree ; and in Sipunculus it would seem that the cephalic

appendages, as well as the whole tegumentary system, are organized with

especial reference to the aeration of this fluid.

(457.) The skin is fenestrated ; that is, at regular intervals the mus-
cular layer disappears, and an interval results, of elliptical figure, covered

by only a single layer of epidermis. It is a simple musculo-membranous
partition intervening between the chylaqueous fluid within and the

surrounding element without; and through this veil the two divided

fluids interchange their gases. The tentacles are merely hoUow musculo-
membranous appendages, lined within and without by a ciliated epithe-

lium. A few proper blood-vessels roach their bases from the circular

vessel ; but no trace whatever of a vascular plexus in the structure of

these parts can be detected. The inference is that the tentacles are

designed for the oxygenization of the chylaqueous fluid. To the genus
Holothuria the same observations are strictly api)licable ; but although

attenuated at regular points, with a view to approximate as closely as

possible the chylaqueous fluid to the external medium, no open perfora-

tion anywhere exists in the tentacular or tegiimcntary processes. The
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surrounding fluid, therefore, cannot penetrate directly from without into

the peritoneal cavity ; it is introduced through the mouth and digestive

system.

(458.) Before quitting this part of our suhject, we must briefly men-
tion a singular organ, apparently intimately connected with the circular

vessel around the mouth, and called by Tiedemann the sand-canal.

This organ is represented in fig, 138, enclosed in the same sheath as the

dilated vessel, /, upon the right side of which it is placed ; it communi-
cates by one extremity with an isolated calcareous mass, of a rounded

figure, called the madreporic plate, seen upon the exterior of the dorsal

surface of the Starfish, while by its opposite extremity it opens into

the circular sinus that surrounds the mouth. The tube itselfDr. Sharpey

describes* as being about the thickness of a surgeon's probe, and com-
posed of rings of calcareous substance connected by a membrane ; so

that, viewed externally, it is not unlike the wiadpipeof a small animal.

On cutting it across, it is found to contain two convoluted laminas, of

the same nature as its calcareous parietes, which are roUed upon them-

selves in a longitudinal direction, in the same manner as the inferior

turbinated bones of an ox. The convoluted arrangement becomes more

complete towards the upper end of the tube, where the internal laminae,

as well as the external articulated portion, join the dorsal disk, appear-

ing gradually to become continuous with its substance. The use of this

curious organ is quite unknown, although a variety of conjectures have

been hazarded upon the subject. The most probable appears to be that

of Dr. Sharpey, who suggests that, should the fluid which distends the

feet, and the vessels connected with them, be indeed sea-water, it may be

introduced, and perhaps again discharged, thi'ough the pores of the disk,

by means of the calcareous tube, which will thus serve as a sort of filter

to exclude impurities.

(459.) Apparently with a view to ensure a continual circulation of

aerated fluids through all parts of the system, the entire surface of the

membrane that lines the shell, as well as that which forms the external

tunic of the digestive organs, has been found to be covered with multi-

tudes of minute cilia, destined by their ceaseless action to produce

currents passing over the vascular membranes, and thus to keep up a

perpetual supply of oxygenated water to every partf. But it is not

only on the peritoneal surfaces that the existence of cilia has been

detected ;
they are found to be extensively distributed over the external

surface of the body, within the cavities of the tubular feet, and even

over the whole internal lining of the stomach and ca3ca.

(460.) " In Asterias rubens," says Dr. Williams, "it can be distinctly

demonstrated that no open perforations exist in any part of the integu-

* Cyclopedia of Anatomy and Physiology, art. " Eciiinodermata."

t See the article " Cilta," by Dr. Sharpey, in the ' Cyclopaedia of Anatomy and

Physiology.'
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mentary parietes. The membranous processes communicating with the

visceral cavity can be proved, by injection, to be csecal at their distal

extremities. It is easy to repeat and confirm the observation of Dr.

Sharpey, that the corpuscles of the visceral fluid advance to the distal

end of these processes, and then return, under the impulse of ciliary

agency. Nevertheless, although an injection so thick as size will not

escape through these membranous processes, a thinner fluid, such as

coloured water, will slowly ooze through ; it is therefore not impro-

bable that an interchange of the fluids may to some extent occur through

endosmose. The microscope renders it certain that the hoUow mem-

branous processes filled by the fluid of the visceral cavity, in Asterias,

bear in their parietes no trace of true blood-vessels : they are lined

within and without by vibratile epithelium, and composed only of in-

terlacing elastic fibres ; and consequently their only office seems to be

that of exposing the chylaqueous fluid to the renovating influence of

the surrounding medium. In Asterias this fluid approaches simple sea-

water closely in its physical properties. It is, however, in reality a

dilute, albuminous, opalescent solution. It is charged scantily with im-

perfectly formed corpuscles, always the same in the same species ; and

the proposition may now be confidently affirmed, that in the Echinoder-

mata the chylaqueous fluid (i. e. the contents of the visceral cavity) is

itself first aerated, and that by means of a machinery of soft parts it

then aerates the blood proper."

(461.) The organs belonging to the reproductive system in the Aste-

ndce exhibit the greatest possible simplicity of structure. The ovaria

(fig. 136, 1, /) are slender cseca, arranged in bunches around the oeso-

phagus, two distinct groups being lodged at the origin of each ray. In

Asterias aurantiaca (fig. 138) the excretory ducts are not easily seen

;

but in the Twelve-rayed Starfish, especially if examined when these

organs are in a gravid state, each ovary may be observed to communi-

cate externally by a wide aperture that perforates the osseous circle

encompassing the mouth.

(462.) The generative organs of the male individuals exactly resemble

those of the female, and are only distinguishable by the presence of

spermatozoa in their interior. The process of reproduction* usually

occurs during the spring months, at which period the ovaria of the

females are found distended with eggs, wherein the vesicles of Purkinjc

and of Wagner are distinctly recognizable. These ova are found in the

ovaria in different stages of development, and are laid in successive

batches at different intervals.

(463.) The newly -laid ova consist of a chorion enclosing the vitollus

and a small quantity of albumen ; but the yitellus soon undergoes the

usual process of segmentation, whereby it is broken up into a granular

mass (fig. 139, 4, 5, 6, 7, s). When first deposited, the ova of the Star-

* M6moire sur Ic D6velopponient des Ast6rics, par M. Sars, Aun. dos Sc. Nat. 1844.
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fishes are not at once abandoned by the parent animals, but are retained

in a kind of cavity formed by incurving the body and rays of the mother

until they form a sort of chamber, beneath which the eggs are protected

during the earlier part of their development (fig. 139, 2). The vitellus

of the ovum is entirely employed in the construction of the foetus, which

latter, at the moment of its escape from the egg, is of an ovoid or sub-

spherical shape (fig. 139, 9), completely unprovided with external mem-
bers, but enabled to swim vivaciously about in the surrounding water

by means of the cilia with which its body is profusely covered, giving

Fig. 139.

Development of Starfish. 1. Echinaster sanguinolentus, seen from below. 2. The same in pro-

file : a, madreporic plate. 3. Ovarian receptacle containing ova in different states of advancement.

4, 5, 6, 7, 8. Ova exhibiting the progressive segmentation of the yelk. 9. Embryo on its first

escape from the egg. 10, 11, 12. Further progress of embryo : o, a, club-shaped processes ; b, cen-

tral protuberance. 13, 14, 15, 16, show the gradual development of the ambulatory suckers and

the assumption of the radiate form.

it exactly the appearance of an infusorial animalcule ; indeed this may

be called the first, or infusorial condition of the young Asterias.

(464.) After the lapse of a few days certain appendages begin to

make their appearance, sprouting, as it were, from the anterior part

of the body, and ultimately appearing as four club-shaped processes

(fig. 139, 10, 11, 12, 13, a a) surrounding a fifth prominent protuberance,

b, whereby the little creature fixes itself to the sides of the incubatory

cavity. The body of the little Starfish now becomes gradually flat-

tened into a minute circular disk, upon one surface of which (hence at

once distinguishable as the ventral) the rudiments of tcntacula begin

to be apparent, under the form of minute globular protuberances, dis-

posed in ten concentric rows (fig. 139, i4, 16, c c).

(465.) If in this condition the little being is detached from the spot
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where it has fixed itself, it is stUl able to swim about in the surround-

ing water by means of its ciliated surface, always keeping the organs

of attachment directed forwards ; but if left undisturbed, it remains

perfectly still and motionless, presenting what M. Sars denominates the

crinoid state of development. At this stage, the body of the young

Starfish may still be said to be bilateral ; for in aU its movements

the organs of attachment are directed forwards, and both sides of the

body correspond exactly to each other (fig. 139, 12). But by degrees this

bUateral condition is converted into the radiated form that charac-

terizes the third or perfect condition of the Asterias : the body gradu-

ally assumes a pentagonal outline, from the angles of which short blunt

rays begin to project (fig. 139, le) ; and the tentacula, now presenting

the form of retractile cylinders, and completely furnished with their

terminal suckers, become efficient instruments of locomotion. The red

spots, regarded by Ehrenberg as the eyes, are visible at the extremities

of the nascent rays ; the mouth shows itself in the centre of the ven-

tral aspect of the body ; and numerous spines make their appearance.

Lastly, the apparatus for attachment begins to diminish in size, and

soon completely disappears, so that the young Asterias, having attained

its perfect form, is ready to enter upon the duties of its station.

(466.) According to the observations of Agassiz, the eggs of the Star-

fish, after they are laid, are taken up by the parent animal and kept

between its tubes below the mouth. The Starfish bends itself around

them, surrounds the eggs with its suckers, and moves about with them.

When the eggs have been removed to some distance from the animal,

it has been observed to go towards them, take them up again, and move
off with them,—showing that these creatures, so low in structure and
apparently deprived of all instinct, reaUy watch over their young. As
the growth of the embryo commences, the external crust of the germ
becomes more transparent, consisting of somewhat looser and larger

granules, and the internal mass assumes a darker colour, so that two
layers become distinct, between which a third is developed. On one
side of the germ a protuberance now becomes visible, and the promi-
nent portion separates more and more from the spherical mass, assuming
by degrees the form of a peduncle. At this period there is not any
organ formed—only changes of substance have taken place ; but now
little swcUings appear in five points on the sides, and the spherical
portion of the germ becomes flattened by lateral dilatation.

(467.) The minute animal has grown to a more hemispherical shape
;

and from this time there is an upper and a lower surface to its um-
brella-like disk, and a tubular part and a swoUeu portion to the
peduncle. As soon as the peripheric part of the disk begins to
spread, five small tubercles may be observed forming underneath

; and
into these tubercles the peculiar aspect of the middle one extends.
Soon other prominent swellings appear, two to each of the former ones
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and subsequently two more. While this is going on, calcareous nets

are formed by the accumulation of crystals in the cells of the germ.

At first there are simply isolated crystals, formed as nuclei in the cells
;

then several close together will unite and form a little irregular mass
;

and they will at last combine, so as to constitute a network of solid

substance, arranged very regularly, and gradually becoming more and

more numerous, marking out more and more distinctly the rays of the

embryo Starfish. The tubercles of the lower surface, growing more
prominent and elongated, are finally transformed into the suckers, or

ambulacral tubes. With the addition ofnew calcareous nets, these latter

become more numerous, and form, finally, rows of tentacles. Other

changes have also taken place. The cells within the peduncle have under-

gone alteration : some have become moveable, and a kind of circulation

is going on in them. The internal space along each ray has become

more transparent ; the ambulacral tubes have become hollow ; and from

that time there seems to be a communication between the external

water and the internal structure. What remains of the yelk is more

distinctly circumscribed in the centre of the animal, extending as a

star-shaped disk into the rays. The radial portion becomes, finally,

distinct from the central one ; and we have at last an internal cavity,

which is the stomach, from which the caecal appendages of the rays,

with their liver-like organ, will be developed.

(468.) The peduncle is reduced to a mere vesicle ; a hole is formed

in the centre of the lower surface, constituting the mouth ; around this

a circular thread becomes visible, answering to the nervous system,

from which other threads extend towards the extremity of the rays

;

and by the time the young Starfish has attained the size of about a

line in diameter, it has thus assumed the form and structure of a per-

fect animal.

(469.) Among the most interesting contributions to our knowledge

of this group are the researches of Professor MiiUer* relative to the

embryonic condition of the OpMuridoi, from which it has been ascer-

tained that, during the progress from the egg to the mature condition,

the individuals belonging to that family undergo a series of changes

that are truly surprising in their character.

(470.) The young Ophiurus on leaving the egg presents itself under

a most grotesque form, in which condition it has long been known to

naturalists, and described under the name of Pluteus, or Easel Animal-

cule, from its resemblance to a painter's easel.

(471.) The Pluteus paradoxus (fig. 140) is exceedingly minute, being

not more than | of a line in length. When highly magnified, its body

is seen to be somewhat of a conical shape, terminating above in a point,

but dividing inferiorly into eight long processes or appendages of various

* Ucbor dio Larvcn und Metamorphoso der Ophiuron und Seeigel. Berlin

Trans. 1846.
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dimensions, to which it owes its peculiar figure (fig. 140, i, a, b, c, d).

Each of these processes is supported by an internal calcareous frame-

work derived from the interior of the body (fig. 140, 1 , /), which,

branching out in diff'orent directions, forms a basis whereon the soft

parts are spread out. The whole animal is perfectly transparent, its

Fig. 140.

1. Fluteusparadoxus. A, A, lateral arms; B, B,inferiorditto; C, c, anterior ditto; D, D, posterior
ditto

;
a, mouth

;
a', oesophagus

; 6, stomach ; c, granular bodies, the nature of which is uncertain
;

d, caeciform appendages, which make their appearance around the oesophagus and stomach, and
which are the first indications of the development of the Starfish ; e, ciliated bands ; /, calcareous
framework of the skeleton; ^r.zone of cilia surrounding the apex of the body; x, nervous system.
2. Further development of the caeciform appendages, d ; they begin to exhibit the appearance of
the body or central disk of an Ophiurus. (After Miiller.)

substance resembling dull glass, the apex of the body and the ex-
tremities of the arms or processes being slightly tinged with orange.

(472.) These singularly formed larvce—for such they are—are found
abundantly during the month of August and September, crowding the
surface of the sea in rich profusion, swimming freely about by the aid of
rows of cilia (e), with which their arms and the apex of their bodies (g)
aro plentifuUy furnished. They possess, moreover, a distinct nervous
system, consisting of two Httle gangHa(a;) situated just beneath the oral
aperture, from which delicate nervous threads may be traced in dif-
ferent directions.

(473.) The first appearance that presents itself, indicating the com-
mencement of metamorphosis, is the development of a number of
caecal appendages around the stomach and oesophagus of the Pluteus
(fig. 140, 1, d), which soon increase so much in number that they form
a series of rows surrounding the stomachal cavity. At first these rows
of cffica do not extend beyond the body of the Pluteus, remaining, as it
were, concealed beneath its disk ; but soon, acquiring greater develop-
ment, they make their appearance extemaUy, graduaUy assume some
regularity of arrangement (fig. 140, 2), in which the rudimentary
form of the starfish begins to bo perceptible, and the points whence
the arms are to proceed become apparent.
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(474.) In carrying out this part of the proceeding, it will bo ob-

served that the original arms or processes of the Pluteus (fig. 140, i, a, b,

c, d) have had no share. The Pluteus, in fact, stands just in the same
relation to the young Ophiurus as the frame does to a piece of embroi-

dery ; neither has the structure of its arms any thing in common with

that of the rays of the future starfish which lies, as it were, protected

beneath their shelter. As soon as the ca^cal appendages have arrived

at this state of development and assumed so much regularity of

arrangement, calcareous earth begins to be deposited in an arborescent

form, which accumulates rapidly until a kind of treUis-work is formed,

spreading over the entire surface of the young Echinoderm. As the

cseciform appendages thus become arranged into a regular figure, the

place where the mouth of the Pluteus was becomes distorted and, as

it were, forcibly pushed upwards, until it remains no longer visible, its

place being occupied by the central mouth of the newly-formed star-

fish (fig. 141, 2).

(475.) In the condition which it has now attained, the young star-

fish is still much smaller than the rest of the Pluteus ; but from

this point, as its growth continues, the body and processes of the latter

assume more and more the appearance of being only appendages to

the newly-developed animal, until by degrees they entirely disappear,

the only part of the Pluteus remaining as a part of the young Ophiurus

being the stomach.

(476.) Before, however, the arms of the Pluteus have entirely dis-

appeared, the feet, or retractile suckers, have begun to show themselves,

arranged in a circle around the circumference of the shield (fig. 141, i, 2),

so that it is able to creep freely about the sea.

(477.) Shortly before the disappearance of the last remnants of the

Pluteus, the arms or rays of the Ophiurus are already visible, projecting

prominently from the margin of the shield (fig, 141, 1, 2), but consisting

as yet only of the outer or terminaljoint of the future ray; the moveable

spines likewise begin to show themselves, and the characters of the future

Echinoderm begin to be recognizable (fig. 141, 1). Ultimately new seg-

ments begin to be added to the rays, making their appearance between

the primitive segment and the margin of the disk, the original segment

retaining its size and figure unaltered, while the succeeding ones differ

in their shape, assuming a polygonal form, which varies in different

species. The places where all new segments are formed are in the shield

itself, at points situated upon the ventral aspect, between the intcrradial

spaces ; and each successive segment produced, being at the base of the

ray, is of course larger than aU that preceded it (fig. 141, 3, 4).

(478.) In order to complete the history of the Asteridce, we have yet

to mention the nervous apparatus wherewith they are furnished. This

consists of a simple circular cord that runs around the mouth of the

animal ; from this ring, three delicate filaments are given off opposite to
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each ray, one of which, according to Tiodemann, runs along tho centre of

the ambulacral groove upon the under surface of the body, and gives off

minute twigs to the locomotive suckers placed on each side of its course

;

the other two filaments pass into the visceral cavity, and are probably

Eig. 141.

1. Ophiurua in a. stiU more advanced stage of development, showing the larva portion (Pluteus)
in great part obhterated

:
first appearance of the mouth and tentacles. 2. The larva has entirelv

disappeared, and the feet and spines of the Ophiurus begin to develope themselves. 3 shows the

""u tl^<-°n
"""^ ^ ' ""^'^ t^'-'^"^! °' primitive segment is easily recognizable, towhich the foUowing segments succeed in the order of their formation. (After Miiller )

distributed to the internal organs. There are no ganglia developed on
any part of this nervous apparatus ; or if, as some writers assert
ganglionic enlargements are visible at the points whence the radiating
nerves are given off, they are so extremely minute as not in any degree
to merit the appellation of nervous centres,

(479.) Such an arrangement can only be looked upon as serving to
associate the movements performed by tho various parts of tho animal

;
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for no portion of these simple nervous threads can bo regarded as being
peculiarly the seat of sensation or perception. Nor is this inference

merely doducible from an inspection of the anatomical character of the

nerves ; it is based upon actual experiment. Wo have frequently, when
examining these animals in a living state (that is when, with their

feet fully developed, they were crawling upon the sides of the vessels

in which they were confined), cut off with scissors successive portions

of the dorsal covering of the body, so as to expose the visceral cavity

;

but, so far from the rest of the animal appearing to be conscious of the

mutilation, not the slightest evidence of suffering was visible: the

suckers placed immediately beneath the injured part were invariably

retracted ; but all the rest, even in the same ray, still continued their

action, as though perfectly devoid of participation in any suffering

caused by the injury inflicted. Such apathy would indeed seem to be

a necessary consequence resulting from the deficiency of any central

seat of perception whereunto sensations could be communicated. Never-

theless Ehrenberg insists upon the existence of eyes in some species of

Starfish, attributing the function of visual organs to certain minute

red spots, visible at the extremity of each ray, behind each of which he

describes the end of the long nerve that runs along the ambulacral

groove as expanding into a minute bulb. "We must confess that the

proofs adduced in support of such a view of the nature of the spots

appear to us to be any thing but satisfactory. The general sense of

touch in the Asteridse is extremely delicate, serving not only to enable

them to seize and secure prey, but even to recognize its presence at some

little distance, and thus direct these animals to their food. Any person

who has been in the habit of fishing with a Kne in the shallow bays

frequented by starfishes, and observed how frequently a bait is taken

and devoured by them, will be disposed to admit this
;

yet, to what are

we to attribute this power of perceiving external objects ? It would

seem most probably due to some modification of the general sensibility

of the body, allowing of the perception of impressions, in some degree

allied to the sense of smell in higher animals, and related in character

to the kind of sensation whereby we have already seen the Actiniae and

other polyps are able to appreciate the presence of light, although ab-

solutely deprived of visual organs.

(480.) The Echini, however they may appear to differ in outward

form from the Astericlce, will be found to present so many points of re-

semblance in their general structure, that the detailed account we have

given above of the organization of the last-mentioned family wiU throw

considerable light upon the stiU more elaborately constructed animals

that now present themselves to our notice.

(481.) The Echinidce, as we have already observed, differ from the

star-shaped Echinodermata in the nature of the integument that encloses

their visceral cavity, as well as in the more or less circular or spheri-
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Fis. 142.

cal form of their bodies; so that the locomotive apparatus with which
they are furnished is necessarily modified in its character and arrange-

ment.

(482.) The shell of an

Echinus (fig. 142, i) is

composed of innume-
rable pieces accurately

joined together, so as to

form a globular box

enclosing the internal

parts of the animal, but

perforated at each ex-

tremity of its axis by
two large openings, one

of which represents the

mouth, and the other

the anus.

(483.) The calcareous

plates entering into the

composition of this ex-

traordinary shell may be

divided into two distinct

sets, differing materially

in shape, as weU as in

the uses to which they

are subservient. The
larger pieces are recognizable in the figure by hemispherical tuber-
cles of considerable size attached to their external surface, adapted, as
we shaU afterwards see, to articulate with the moveable locomotive
spines. Each of these larger plates has somewhat of a pentagonal
form—those that are situated in the neighbourhood of the mouth and
anal aperture being considerably the smallest, and every succeeding
.plate becoming progressively larger as they approximate the central
portion of the sheU

: the entire series of pieces in each row resembles in
figure the shape of the space included between two of the lines mark-
ing the degrees of longitude on a terrestrial globe-broad at the equator,
but gradually narrowing as it approaches the poles,—an arrangement,
of course, rendered necessary by the spherical form of the creature.
There are ten rows of these tuberculated plates ; but as they are dis-
posed in pairs, each row of large pieces being united by a zigzag suture
with another of a similar description, there are in reality only five large
segments of the shell, each supporting a double row of tubercles.

(484.) The reader must not, however, conclude that the great central
tubercles above mentioned are the only parts of the shell to which spines
are affixed; hundreds of smaUer elevations arc disseminated over the

1. Shell of Cidaris denuded of its spines. 2. A spine arti-
culated with its corresponding tubercle : a, section of tuber-
cle; 6 6, capsular ligament; c, base of spine.
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surface, wherennto smaller spicula are appended—although, from their
diminutive size, these are of secondary importance in locomotion.

(485.) The five large double segments that thus form the greater

Fig. 143.

I

Oral half of the shell of Echinus esculenliis, showing the different kinds of plates that enter into
the composition of its shell: a, large plates; 6, perforated plates. In the centre the "lantern of
Aristotle " is represented in sHu.

portion of the calcareous shell are separated from each other by the

interposition of ten rows of perforated plates, likewise disposed in pairs,

and composed of much smaller pieces than those which support the

tubercles ; innumerable foramina,

piercing these ambulacral bands,

give passage to as many tubular feet

or protrusible suckers, in every re-

spect resembling those of Asterias,

and distended by a similar appa-

ratus,

(486.) It is impossible, by any

verbal description at all commen-

surate with the limits of our present

undertaking, adequately to explain

the more minute contrivances

visible in the disposition of every

portion of these wonderfully con-

structed coverings : it is sufficient for our present purpose to observe

that the globular crust of an Echinus is made up of several liundrcd poly-

gonal pieces, of different sizes, and, although presenting every variety of

Fig. 144.

!Fossil Echinus, sho\Wng the plates of the

shell similarly arranged, hut presenting n con-

siderable variation as regards the size of the

difl'ercnt pieces.
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outline, generally approximating more or less to a pentagonal form

—

that these pieces are so accurately and completely fitted to each other,

that the lines uniting them are scarcely to be distinguished, even

upon the most minute examination—and that from the union of so

many distinct and dissimilar plates results a firm, compact, and beauti-

ful box, similar to that represented in the figure. The first question

that naturally suggests itself, on examining a shell of this description,

is concerning the object to be attained by such remarkable complexity
;

it would appear, indeed, at first sight, that a simple calcareous crust,

had it been allowed to exude from the entire surface of the Echinus,

would gradually have moulded itself upon the body of the creature,

and thus have formed a globular shell without suture, answering every

purpose connected either with support or defence.

(487.) A very little investigation, however, will sufiice to show the

necessity for the elaborate arrangement to which we have alluded. In

the first place, as we shall immediately see, the earthy matter is not

deposited upon the surface of the body, but within the soft external

integument whereby it is secreted—the interior of the shell being filled

with sea-water, in which the viscera are loosely suspended. But a

second and more important reason for the employment of so many pieces

in the construction of the shell of an Echinus is to be derived from
examining the mode in which the animal grows. Were it to retain the

same dimensions throughout the whole period of its life, or could it, at

stated intervals, cast off its old investment and secrete a new and more
capacious covering as growth rendered the change necessary, a simple

earthy crust would have been sufficient, without the presence of such an
immense number of sutures and joinings. The calcareous plates of the

Echinus, it must be remembered, are merely secreted from the soft

parts, having no vital action going' on within them whereby, as in the
bones forming the skeletons of vertebrate animals, a continual depo-
sition of fresh particles could be effected, allowing of extension by inter-

stitial deposit. How, therefore, could the growth of the Echinus be
provided for ? How is the gradual expansion of the entire shell, thus
composed of a dense and extravascular crust, to be effected—and that
without ever deranging the proportions of the whole fabric, or necessi-
tating a loosening of its parts ? No other contrivance could apparently
have been adequate to the purpose : nevertheless we sec how admi-
rably, by the structure adopted, the growth of these creatures proceeds
in all directions

; for the living and vascular membrane that covers the
whole external surface of the body dips down between the edges of the
various calcareous pieces, and continually deposits, around the margin
of each, successive layers of earthy particles, which, assuming a semi-
crystaUine arrangement, progressively increase the dimensions of each
individual plate. But the continual augmentation in size which is thus
going on is attended ^vith no change in the mathematical figure of any

p2
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given piece of the skeleton ; so that, as they still increase in diameter

by the unceasing deposition of earthy matter around the circumference

of every plate, the spherical shell gradually expands, without in any

degree altering its form or relative proportions, until it has acquired the

mature dimensions belonging to its species.

(488.) The tubular suckers or retractile feet, that arc protruded at

the pleasure of the animal from the countless minute apertures seen in

the ten rows of ambulaeral plates, are so similar in aU essential points

to those of Asterias already described, that little further need be said

concerning their structure, or the mechanism whereby their motions

are effected. The tubular part of each foot communicates with the in-

terior of the shell by two branches passing through two apertures ;
and

these branches, in some species (as Echinus saxatilis), receive offsets

from the vessels that run along the centre of each ambulaeral groove,

and convey to the feet the fluid by which their distention is effected.

In Echinus esculentus the feet open into a plexus of vessels, formed in

leaf-like membranes disposed in double rows upon the inner surface

of the ambulaeral pieces*, by the intervention of which they are con-

nected with the canals above mentioned.

(489.) The tubercles upon the external surface of the shell of the

Echini support a corresponding number of long spines, which, as well as

the apparatus of suckers, are employed as locomotive agents. These

spines vary materially in their form and proportionate size, and even in

their internal structure
pjg^ j^g^

and mode of growth, as

may be readily seen by

acomparison of different

species. Thus, in the

flattened forms of Scu-

tellce and allied genera,

they are so minute as to

require the employment

of a microscope for their

investigation ; in Echi-

nus esculentus (fig. 147)

they are sharp, and al-

most of equal length

over the entire surface

of the animal ; while in

the specimen repre-

sented in the annexed
.

fioTire (fig. 145), the shell of which we have already examined when

dWested of these appendages, the length of the spines that are articu-

lated upon the large tubercular plates fuUy equals the transverse dia-

* Cyclopredia of Anatomy and Physiology, art. " Echinodeumata."

Cidaris.

i
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meter of the body of the creature, and in some cases they are even

foimd much more largely developed. Every spine, examined separately,

is seen to be imited with the tubercle upon which it is placed by an

apparatus of muscular and ligamentous bands, forming a Idnd of ball-

and-socket joint, allowing of a considerable extent of motion. The

structure of this articulation is exhibited in fig. 142, 2. The large

tubercle (a) supports upon its apex a smaller rounded and polished

eminence, perforated in the centre by a deep depression ; and the bottom

of the moveable sj)ine (c) is terminated by a smooth hemispherical cavity

accurately fitted to the projecting tubercle, so that the two form com-

plete articular surfaces. The bonds of union connecting the spine with

the sheU are of two kinds : in the first place, there is a stout ligament

(a c), extending from the Kttle pit seen upon the centre of the tubercle,

to a corresponding depression visible upon the articular surface of the

spine, resembling very accurately the round ligament found in the hip-

joint, and obviously a provision for the prevention of dislocation.

(490.) Moreover the whole joint is enclosed in a muscular capsule,

composed of longitudinal fibres (b h) arising from the circumference of

the tubercle, and inserted all around the root of the spine: these

fibres, therefore, which must, in fact, be regarded as merely derived

from the general irritable skin that clothes the shell externally, are the

agents which, acting immediately on the spine, produce all the move-
ments whereof it is capable.

(491.) The next thing to be accounted for in the history of these

Fig. 146.

Diagram iDustrative of the growth and attachment of the ambulaoral spines. 1. Longitudinal
section of a spine: a a a, tcgumentary layer covering the spine, from which it passes on to the
exterior of the shell, enclosing the ball-and-socket joint, internal ligament; p,p, pedioellariio
2 and 3. Transrerse sections of spine.

elaborately constructed animals is the growth of the spines themselves:
these, as we have already seen, are completely detached from the rest of
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the shell, to which they are secured only by the central ligament and
by the muscular capsule enclosing their base. To account, therefore, for
the production of organs so completely insulated as the spines appear to
be, especially when we consider that there is no vascular communication
between them and the body of Echinus, would appear to be a
matter of some difficulty ; and in fact, had we not already seen in the
Polyps the amazing facility with which calcareous matter was secreted
by the living textures of those animals, it would be almost impossible
to conceive by what process their growth is effected. On examining
one of these appendages, taken from a species wherein they are largely

developed, when fresh, before its parts have become dry, every portion
of its surface is seen to be invested with a thin coat of soft membrane,
derived from that which covers and secretes the whole shell, whereof
indeed the muscular capsule enclosing its articulation with the tubercle

is only a thickened portion.

(492.) The living substance of the spine, therefore, lilce the crust

that invests the cortical Polyps, is the secreting organ provided for its

growth, depositing the earthy particles separated from the waters of the

ocean, layer after layer, upon its outer surface, so as to form a succes-

sion of concentric laminge, of which the outer one is always the last

formed. The calcareous matter thus deposited has, more or less com-
pletely, a crystallized appearance ; and on a transverse section of the

organ being made, and the surface polished by grinding, the whole
process of its formation is at once rendered evident. Such sections,

indeed, form extremely beautiful and interesting subjects for micro-

scopical examination, as nothing can exceed the minute accuracy and

mathematical precision with which each particle of every layer com-
posing them appears to have been deposited in its proper place : in fact,

if the zootomist would folly appreciate the minuter details connected

with their organization, it is only by the employment of the microscope

that he will arrive at adequate ideas concerning them ; for it is not in

the number and variety of the pieces entering into the composition of

the skeleton of one of these animals, the extraordinary apparatus of

prehensile suckers with which they are furnished, or the singular

locomotive spines upon the exterior of the shell that he vriU find the

most remarkable features of the history of the Echini ; it is only by a

minute examination of the intimate structure of each of these part-s that

the perfection of the mechanism conspicuous throughout can be properly

understood.

(493.) The calcareous pieces surrounding the mouth of the EcMmis

are not so immoveably consolidated as those composing the rest of the

shell, but, on the contrary, admit of considerable movement, whereby

the prehension of food is materially facilitated. The mouth itself

(fig. 142, i) is a simple orifice, through which the points of five sharp

teeth are seen to protrude. These teeth obviously perform the office of
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incisors, and from their sharpness and extreme density are well calcu-

lated to break the hard substances usually employed as food. The

points of such incisor teeth, although of enamel-like hardness, would

nevertheless be speedily worn away by the constant attrition to which

they are necessarily subjected, were there not some provision made to

ensure their perpetual renewal ; like the incisor teeth of rodent quadfu-

pcds, they are therefore continually growing, and are thus always pre-

served sharp and fit for use. In order to allow of such an arrangement,

as well as to provide for ^. , ,„
Fig. 147.

the movements of the

teeth, jaws are provided

that are situated in the

inteiior of the shell ; and

these jaws, from their

great complexity and

unique structure, form

perhaps the most admi-

rable masticating appa-

ratus met with in the

whole animal kingdom
;

we must therefore entreat

the patience ofthe student

while we describe at some

length the parts con-

nected therewith. The

entire apparatus removed

from the shell is represented in fig. 150, and consists of the following

parts :—There are five long teeth (c, c), each of which is enclosed in a

triangular osseous piece (a a)^

that for the sake of brevity we "^'S"

will call the jaws. The five

jaws are united to each other

by various muscles (k Jc, i i),

so as to form a pentagonal

pyramid, having its apex in

contact with the oral orifice

of the shell, while its base is

connected with several bony

levers by means of numerous

muscles provided for the

movements of the whole.

These parts we must now pro-

ceed to describe seriatim. The teeth (fig. 149, i, a) resemble, at the part
protruded from the mouth, long three-sided prisms, and at this point
they are extremely hard and brittle : each tooth is fixed in a socket

EoHnus esculentus.

"Lantern of Aristotle" complete, and one of the
pyramidal seprments detached : a, a, the proj ecting teeth

;

b h, body of the jaw ; a, a, it, a, roots of the teeth, which
are fibrous, somewhat resembling asbestos.
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passmg through the jaw (fig. 149, 2, e), from which it projects by its

opposite extremity (fig., 149 2, a'), that may be caUed the root of the
tooth, where, instead of being of glassy hardness Hke the point (f>) which
issues from the mouth, it is flexible and soft, resembHng fibres of
asbestos, and is covered by a membrane apparently connected with its

secretion. Thojaws, which thus support and partially enclose these teeth,
are five in number : when examined separately, each is found to resem-
ble in figure a triangular pyramid, the external surface (fig. 149, 2, e)

being smooth and presenting eminences provided for the attachment
of muscles

; while the other two sides (fig. 149, 1, b, b) a.re flat, and
marked with transverse

grooves so as to have ^S- 149.

the appearance of a fine

file. "When the five jaws

are fixed together in

their natural positions,

they form a five-sided

conical mass, aptly

enough compared by

Aristotle to a lantern,

and frequently described

bymodern writers under

the name of " the lan-

tern of Aristotle." "When

thus fitted to each other,

the two flat and striated

sides of each jaw are in

apposition with the cor-

responding surfaces of

two others, so that there are ten grinding-surfaces formed, between

which the food must pass preparatory to its introduction into the

digestive canal. This arrangement will be easily understood by refer-

ring to fig. 149, 1, in which three of these jaws, each containing its

incisor tooth, are represented in situ.

(494.) The five curious jaws described above are fixed together by a

set of muscles (fig. 150, 7c Ic), consisting of short fibres passing between

the external edges of the contiguous segments of the lantern, and

evidently capable of powerfully approximating the grinding-surfaces

and rubbing them upon each other. The jaws, moreover, are provided

with five other osseous pieces {d, d), arranged in a radiating manner

between the bases of the difi'erent segments, with which they are con-

nected by ligaments, and likewise by the pentagonal muscle (i i) tliat

runs from one to the other.

(495.) The above-described parts complete the apparatus required for

connecting the different portions of this remarkable mouth ; but the

Dental system of Echinus. 1. Represents three of the pyra-
midal pieces forming the " lantern of Aristotle " in situ : a, a,

cutting extremities of the incisor teeth, which are of enamel-
like hardness; a', a', a', fibrous roots of the same, resembling
asbestos in their texture ; b, b, opposed flat surfaces of thejaws

;

d, d, arched processes. 2. An isolated pyramid: e, its external
surface. Other letters as in fig. 1.
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movements of the whole are eflfocted by a very complicated set of levers

and muscles which must next be noticed.

(49G.) The levers attached to the jaws are five long and slender pro-

cesses (fig. 149, 1, d, d), each arising from the central extremity of one

of the radiating osseous pieces (c, c), and arching outwards considerably

beyond the base of the lantern, to terminate by a forked extremity.

But there are likewise other processes projecting from the inner surface

of the shell
;
these, two of which are seen in fig. 150, h, h, are also five

in number, and are placed around the orifice of the mouth : they are

generally hollowed out in the centre, so as to resemble so many bony

arches ; and from them, as well as from the spaces which separate them,

numerous muscles derive their origin. Of these muscles, ten (/, /) arise

from the spaces between the arches, two being inserted into the outer

edge of the base of each jaw ; so that the effect produced by their con-

Fig. 150.

Oral apparatus of Eclunus: a, a, a, a, a, pyramidal pieces foi-miiiK the "lantern of Aristotle; "
6, 6, internal projections from the shell; c,c,c,c,c. teeth enclosed in theiV sockets; rf, interposed
osseous pieces; e, curved processes; //, gg, hh,ii,kk, muscular fasciculi for the movements of
liriCJfliWS.

traction, when they aU act in concert, will be to approximate the whole
mass of the mouth to the oral aperture of the shell, and of course cause
the points of the incisor teeth to protrude externally

;
or, if they act

separately, they can draw the base of the lantern in any direction, or
cause the grinding-surfaccs of the jaws to work against each other.

(497.) The antagonists to the muscles last mentioned are ten others

{9> 9), arising from the extremities of the arches themselves, and run-
ning in a radiated manner towards the apex of the lantern, so that the
point of each piece or jaw receives a muscle from two of those pro-
cesses. These fasciculi, from the manner in which the arches project
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or.

Fig. 151.

into the cavity of the shell, will draw inwards the entire mass,
if they act separately upon the jaws whereunto they are individually
fixed, they will produce movements precisely opposite to those caused
by the contractions of the muscles derived from the spaces between the
bony processes

;
or, if both sets should act in concert, they become the

antagonists of the muscles (i i, Tc Jc) that connect the jaws to each other,
and by causing the separation of the different pieces they necessarily
enlarge not only the opening of the mouth, but all the passage leading
to the oesophagus through the axis of the lantern.

(498.) Yet even these are not all the muscles that act upon the
masticating apparatus : ten others (7i, 7i), arising in pairs from the
middle of the interspaces between the arches, are connected with the
bifurcated extremities of the slender curved processes (e, e), each of
these receiving a muscle from two contiguous spaces; and from the
length of the levers upon which these

muscles act we may well conceive the

force wherewith they will influence the
motions of the whole mass of the jaws.

(499.) Such is the complex struc-

ture of themouth oiJEJchinus esculentus

—a piece of mechanism not less re-

markable on account of the singularity

of its construction than as exhibiting

an example of the sudden develop-

ment of a dental system whereof not

a vestige is visible in any of the pre-

ceding Echinoderm families. In

others of the Echinidse, having the

shell much depressed, the dental

lantern is modified in form and pro-

portionately flattened, but the dif-

ferent parts are essentially similar to

those we have described.

(500.) The oesophagus (fig. 151, d)

is continued from the termination of

the central canal that traverses the

axis of the lantern, and, after a short

course, terminates in a much wider

portion of the digestive tube, into

which it opens on the lateral part of

its csecal origin, in a manner precisely

resembKng the communication between the large and small intestines

of man.

(501.) The dilated alimentary tube (c) presents no separation into

stomach and intestine, but is continued in a winding course around the

Alimentary canal of Echinus esculentus:

a, interior of the sheU
; 6, ambulocral fora-

mina; c c, intestinal canal; d, commence-
ment of oesophagus from the base of the

"lantern of Aristotle; " e, heart;^,.^, rascu-

lar trunks following the course of the intes-

tine.



ALIMENTAEY CANAL. CIIYLAQUEOUS SYSTEM. 219

interior of the shell, which it twice encircles, and, becoming slightly

constricted, terminates at the anal orifice (i). The walls of the intestine

are extremely delicate, although they may be distinctly seen to contain

muscular fibres and are covered with innumerable vascular ramifications.

The external tunic of the whole canal is derived from the peritoneum,

that lines the entire shell, invests the dental lantern, and forms sundry

mesenteric folds as it is reflected upon the other viscera.

(502.) The system of vessels provided for the circulation of the blood

has been differently described by different authors—a circumstance by

no meaus surprising when we consider the great difiiculty of tracing

such delicate and extensively distributed canals. According to Delle

Chiaje, the course of the nutritious fluid is as follows :—A large vein

runs along the whole length of the intestine, from the anus to the

oesophagus, where it terminates in a vascular ring surrounding the

mouth, into which, as in Asterias, the contractile vesicle, which he

considers to be a receptacle for the nutrient fluid, and the antagonist to

the tubular feet, likewise opens. The intestinal vein he regards as the

great agent in absorbing nourishment from the intestine and conveying

it to the vascular circle around the oesophagus, from which the arteries

are given off to supply the whole body. These arteries are :—1st, a

long vessel to the intestine, which runs along its whole length and

anastomoses freely with the branches of the intestinal vein
;

2ndly,

five arteries to the parts connected vdth the mouth
;

Srdly, five dorsal

arteries that run along the interior of the shell between the ambulacral

rows as far as the anal orifice, at which point each dorsal artery leaves

the osseous box through an aperture specially provided for its exit, and,

arriving upon the outer surface of the shell, supplies the soft external

membrane, and in some species may be traced back again between the

rows of ambulacral suckers as far as the mouth. These dorsal arteries,

like the corresponding vessels in Asterias, supply the vascular origins of

the innumerable protractile feet.

(503.) The" chylaqueous system of the Echinidse, comprehending a

considerable mass of fluid filling the cavity of the spherical shell, has

been generally regarded as sea-water poured into the visceral cavity

through perforations in certain membranous processes of the shell,

which have received the name of hrancliice and are distributed in groups

around the circumference of the oral membranous disk. The latter,

however, according to Dr. 'Williams, are not connected with the suctorial

or water-vascular system, but are distended by injections thrown into

the open chamber of the shell, being only protruded by the force of the

fluid driven into their interior
;
they are consequently not perforated.

(504.) In addition to the meridional rows of suctorial feet, the shell of

Echinus is perforated by numerous hollow membranous processes lined

within and without by vibratile cilia, and penetrated exclusively by the
fluid of the visceral cavity ; they show no traces of blood-vessels, and
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can only subserve a respiratory purpose on the supposition that the
subject of that process is the chylaqucous fluid. There is, therefore, no
direct evidence to show that the external element enters through open-
ings in the integuments into the peritoneal cavity of the Echinus.

(505.) Nevertheless, besides this diffused respiration, Dclle Chiaje
regards a series of pinnated tentacula in the neighbourhood of the mouth
as being in some degree capable of performing the office of branchiaj.
These organs, which are protruded through a row of distinct orifices

placed around the oral aperture of the shell, are eminently vascular

;

and as they present a large surface to the action of the water and
receive numerous vessels from the circular trunk that surrounds the
mouth, doubtless they may very well contribute to the comi)lete expo-
sure of the blood to the influence of the surrounding medium.

(506.) Little is known concerning the nervous system of the Echini

:

a few delicate filaments have been observed in the neighbourhood of the
oesophagus, apparently of a nervous character, communicating ',vith a

nervous ring placed in that vicinity, resembling that already described

in Asterias.

(507.) The Echini, like the Starfishes, are bisexual, and in the
structure of their reproductive organs display, if possible, greater sim-
pKcity than even the Asteridse above described. The ovaria are five

delicate membranous bags, quite distinct from each other, that open
externally by as many delicate tubes, or oviducts, as we may term them.

The apertures through which the eggs escape are easUy seen upon the

outer surface of the shell, placed around the anus, and are recognizable

not merely by their size, but from the circumstance of each perforation

being placed in the middle of a distinct oval plate of the shell, distin-

guished by zoological writers as the ovarian pieces. The membranous
sacs in which the ova are secreted vary in size in proportion to the

maturity of the eggs contained within them, and at certain times of the

year are enormously distended : it is in this state that the " roe of the

Sea-egg," as the ovaria are commonly called, is used as" an article of

food ; and in some countries, especially upon the shores of the Medi-
terranean, they are eagerly sought after, when in season, by divers

employed to procure them. The corresponding organs in the male sex

are only distinguishable by the spermatozoa contained in their interior

instead of ova. The metamorphoses which accompany the development

of the embryo of these Echinoderms are as remarkable as those of the

young Ophiuri already described (§§ 473-477).

(508.) At the earliest period observed by Miiller, the larval Echinus

(fig. 152, i) had the appearance of a transparent dome-like disk,

hollowed out inferiorly, and having its margin prolonged into long,

slender, diverging processes supported on calcareous pieces deposited in

their substance and giving the whole animal somewhat the appearance
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of a timepiece standing on many legs (a, b, y, a), four of which (f, e)

constitute a sort of framework surrounding the oral apparatus.

(509.) The arrangement of the locomotive apparatus of these larvas

is very peculiar, consisting of four epaulet-like wreaths of long ciha

Fig. 152.

MetamorphoBis of EchinM. 1. A PhUeus with thiiteen arms: A, A, anterior inferior lateral
processes; B, B, posterior inferior processes ; C, C, lateral processes of the vaulted disk; D, ter-
minal process from the apex of the vaulted disk ; E E, anterior, and F F, iiostcrior processes of tlie
framework of the mouth; O, G, posterior processes of the body: «, moutli; baain-like lower
lip; I, cesophagus; d, stomacli; c, calcareous framework of the skeleton. 2. The same in a more
advanced stage of development-the spines of the young Echinus beginning to make their appear-
ance, covered with a transparent skin: a, remnant of the calcareous skeleton of the larva or
Pluleitu, which has now nearly disappeared; b, branched calcareous spicula belonging to the larva
skeleton; c, spines, and d, tentachm of the young Echinus. 3. The echiniform condition almost
completed, only a few calcareous spicula of the larva remaining. (After MiiUer.)

situated upon tlie dome-shaped body of the animal, and of numerous
ciliated fringes spread over the arms and in the vicinity of the oral

organs.
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(510.) Tho moutli is a triangular orifice (fig. 152, i, a) furnifihod with
broad hps, aud leads immediately into the stomach (d), whicli is a cul-
de-sac, situated in the interior of the body.

(511.) In this condition the larvoe are not more than half a line in
length, and move freely about in the water, rowed along by the action
of their cilia, while the marginal processes and other appendages to the
body remain quite passive and motionless. The first appearance of
metamorphosis is indicated by the development of a shield-like plate
(fig. 152, 2, h), which, during the months of August and September,
becomes visible beneath the skin covering tho dome of the body, sloping
as if inclined towards its apex, and not inaptly representing the finger-
plate of the timepiece to which, as to its shape, the creature has been
abeady compared. The round shield-like plate thus formed is divided
by a cinquefoil-shaped figure into five compartments, and constitutes
the^ first rudiment of the future Echinus ; as its size increases, new
divisions make their appearance upon its periphery, indicating the situ-
ations of the future tentacles or feet ; and soon afterwards little round
tubercles begin to develope themselves, which gradually rise up into
cylindrical elevations aud ultimately assume the appearance and texture
of the locomotive spines.

(512.) The shield itself, forming the basis upon which the apparatus
of suckers and spines is supported, is now seen to enclose in its sub-
stance its own proper calcareous skeleton : this consists at first of minute
detached triradiate spicula, which, as they increase in number, arrange
themselves so as to constitute a sort of network in the texture of the
skin, wherein ultimately the polygonal calcareous plates of the shell

make their appearance.

(513.) HoLOTHTOiDJS.—The name applied by naturalists to the ani-

mals composing the next family of Echinodermata is derived from a
Greek word of uncertain application (vXodovpwv). In common language
they are generally known by the appellation of " Sea-cucumbers and
in fact, to a casual observer, the resemblance which they bear to those

productions of the vegetable kingdom, both in shape and general appear-

ance, is sufiiciently striking. The sui-face of these animals is kept moist

by a mucus that continually exudes through innumerable pores and
appears to be secreted by minute follicles imbedded in the substance of

the skin. The integument which covers, or, rather, forms the body, is

entirely destitute of those calcareous pieces that encase the Ecliini and

Starfishes ; it appears to consist of a dense fibrous cutis of consider-

able thickness, covered externally with .a thin epidermic layer. Be-

neath the cutis is another tunic, composed of strata of tendinous fibres

crossing each other in the midst of a tissue of a semicartilaginous

nature, which is capable of very great distention and contraction, and

serves by its elasticity to retain the shape of the body. Within this

dense covering are seen muscular bands running in diflfercnt directions,
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which by their contraction give rise to the various movements of the

creature : of these muscles five strong fasciculi assume a longitudinal

course, passing along the entire length of the animal from the mouth

to the cloaca; and in the interspaces between these, circular and oblique

muscles are readUy distinguishable. The whole of this muscular case

is lined with a delicate membrane or peritoneum, from which processes

pass inwards to support the various viscera,

(514.) But although the calcareous shell of the Echinus is thus totally

Fig. 153.

> Holothuria papillosa.

lost, the locomotive suckers or feet already described are still the prin-

cipal agents employed in progression. In many species, as in that
represented in the annexed figure (fig. 153), these organs are distributed

over the whole surface of the animal, ajid are protruded through count-
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less minute orifices that perforate the integument. In other cases, as
in H. frondosa, they are arranged in five series, resembling the ambu-
lacra of an Echinus

; and in some instances they are only found upon
the middle of the ventral surface of the body, that fonns a flattened
disk upon which the animal creeps, somewhat in the manner of a snail.

The ambulacral feet themselves, represented on an enlarged scale at c,

precisely resemble in all the details of their structure those of the
Asterias

; and their protrusion and retraction are eflFected in the same
manner. But, in addition to these organs, we find in some genera move-
able hooks or spines (fig. 1.53, d), which are likewise retractile, and
most probably assist in locomotion.

(515.) The mouth is a round aperture, as wide as the bore of a goose-
quill, placed in the centre of a raised ring at the anterior extremity of
the body (fig. 153, a). Around the oral orifice is placed a circle of t«n-
tacula, which are apparently extremely sensitive, and serve perhaps not
only as instruments of touch, but as prehensile organs, used for the
capture of prey, or for assisting in deglutition. When the sphincter

muscle that closes the mouth contracts, the tentacles are withdrawn,
and become no longer visible externally ; in this state, on opening the

animal (fig. 154, h), they are found to resemble long caeca appended to

the commencement of the oesophagus, and have been described by some
authors as forming a salivary apparatus.

(516.) The total deficiency of an external skeleton or calcareous

framework precludes, of course, the possibility of the existence of any
complex dental apparatus resembling the "lantern of Aristotle the

only vestige of the complex teeth of the Echinidaj which here remains

is a small circle of calcareous pieces, surrounding the opening of the

mouth. These plates, from their extreme friabihty, have been aptly

enough likened to laminae of dried paste : they may indeed, in some slight

degree, be efficient in bruising food taken into the mouth ; but it is more

probable that they merely form points of insertion for the longitudinal

muscles of the body, which, thus fixed around the circumference of the

oral orifice, wiU. by their contraction powerfully dilate that aperture for

the purpose of taking in nourishment.

(517.) The alimentary canal is of great length, but, like that of the

Echinus, presents no stomachal dilatation ; from the mouth (fig. 154, a),

in which a bristle is placed, it descends to the anal extremity of the body,

where, turning upon itself, it again mounts up towards its commencement,

whence turning back again, and forming numerous convolutions (d d d),

it once more passes backwards, and, becoming constricted near its tenni-

nation, opens into a large membranous cavity (e) that may be called the

cloaca. Throughout the whole of this long course, the ahmentary tube

is surrounded with a membrane derived from the peritoneal hning of

the visceral cavity, which forms delicate mesenteric folds connecting it

to the walla of the body and supporting it through its entire length. The
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whole intestine is generally found distended with sand, wherein may be

detected the debris of corals, algae, fuci, and other marine substances.

(518.) In the structiu-e of the respiratory apparatus, the Holothuridffi

differ materially from the rest of the Echinodermata, and, in fact, from

Pig. 154.

Anatomy of SofcM«m.: a, bristle inserted into the mouth; 6. inverted tentacula; c, ampullaPohana;rf^rf .ntestmal canal; e, cloacal chamber, opening externally by a wide oriC in owhich the bristle/has been passed; g g, "respiratory tree ;" A A, ovariur^Ctestis in the ma^^central vascular trunk; k, intestinal vessels; vessels in relation with the " respiratr;

aU Other animals. In the Holothuria the aeration of the circulating
fluid 18 provided for by aUowing the surrounding element freely to enter
into the internal parts of the creature ; but instead of bathing the sur-
faces of the viscera, the water is confined in a peculiar system of rami-
fying canals, forming a structure of great beauty and, from its singu-
larity, extremely interesting in a physiological point of view. We have
seen that the intestinal canal terminates in a membranous receptacle or
cloaca (fig. 154, e) contained within the cavity of the abdomen, to the
waUs whereof it is attached by delicate fleshy bands: this cloacal cavity
communicates with the exterior of the body by a wide orifice, twice as
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largo as the aperture of the mouth, through which, in the figure, a

bristle (/) has been passed ; and it is by this orifice that the water re-

quired for the purpose of respiration is taken in, and then forced, by the

muscular walls of the cloaca itself, through the whole system of respi-

ratory canals whereby its distribution is eff'ected. The organs of respi-

ration commence at the upper part of the cloaca, near the termination of

the intestine, by a large opening leading to a wide membranous tube,

which immediately divides into two vessels {g, g) forming the main

trunks of the beautiful arborescent branchige ; these extend to the oppo-

site extremity of the body, giving off in their course numerous lateral

branches that divide and subdivide, so as to form what has been not

inaptly termed the " respiratory tree," until they ultimately terminate

in minute vesicular caeca, into which the water derived from the cloaca

of course penetrates. One division of this elegant apparatus is main-

tained in close contact with the walls of the body by a series of dehcate

tendinous bands, whUe the other becomes applied to the convolutions

of the intestines, wherewith it is likewise united. It is this last-men-

tioned division that would ap-

pear to be specially provided

for the oxygenization of the

nutritive fluids.

(519.) The circulation of the

blood in the Holothuria, as in

the Echinus, is still but imper-

fectly understood; and consi-

derable difference of opinion

iipon this subject will be found

in the writings of anatomists.

According to Tiedemann*,

innumerable small veins col-

lect the blood and nutritive

products of digestion from the

intestine and conveythem into

a large central vessel (fig. 154,

i i), from which the circu-

lating fluid passes by other

trunks {I, I), to the respiratory

tree ; hence it is returned by

vessels (partly represented at

m) to the intestinal artery (Jc), Plan of the cii-culation in Hololhuria, according to

, . J . Delle Chiaie.
by which it is again dis-

tributed over the intestinal parietes.

(520.) Delle Chiaje gives a different account of the arrangement of

the vascular system in these creatures, which he seems to have inves-

* Anat. dor Eohren-IIolothurie. Fol., 181G.

Fig. 155.
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tigated with, his usual uutiriug perseverance. According to the last-

mentioned anatomist, the blood is taken up from the intestines by a

complicated system of veins, the main trunks of which are indicated in

the annexed diagram (fig. 155) by the letters c, e, p p, q q; these com-

municate with each other not only by the intervention of numerous

anastomosing branches (cl, d), but likewise by means of delicate vascular

plexuses (a) passing between them. AU these veins terminate in two
large venous canals (o) that convey the blood and nutriment absorbed

from the intestine to a vascular circle {g) placed around the commence-
ment of the oesophagus, which corresponds with the circular vessel around

the mouth of the Echinus. This circle Delle Chiaje regards as the centre

Fig. 166.

Embryology of Holoihuria.

of the arterial system, in communication with which is the contractile
vesicle (/) ;

and this he looks upon as a reservoir for the nutritive fluid
From the circular vessel various arteries are given off: large branches
pass luto the tentacula around the mouth (i) ; so that, besides being in-
struments of touch, these organs, from the extent of surface that they
present and their great vascularity, are most probably important
auxiliaries m respiration. Five other large arteries, derived from the
same source {k k, I), pass backwards to supply the integuments of the
body, and also to communicate by small cross branches with the little
vesicular organs connected with the locomotive suckers, which, in the
opmion of Delle Chiaje, are distended with the same blood as that which
circulates through the rest of the body. The descending arteries, thus

Q 2
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destined to supply the integument and distend the prehensile suckers,

run in the centre of each of the five longitudinal fasciculi of the mus-

cular tunic of the skin as far a3 the cloaca, and exhibit in their distri-

bution a remarkable exception to the usual arrangement of the arterial

system, which is generally found to divide and subdivide continually

into smaller and still smaller canals : in the case before us there

would seem to be no diminution in the size of the main trunks as they

approach their termination ; and the cross branches given off in their

course, instead of ramifying, all end in the minute ambulacral vesicles,

to the injection of which they would appear to be subservient.

(521.) The generative system of the Holothuria is essentially similar

to that found in the Asteridse, consisting of long ovigerous c£eca. The

germs are secreted in slender ramified tubes (fig. 154, h, h) ;
these are

collected into one great bundle, and open externally by a common canal

in the neighbourhood of the mouth—not into the oesophagus, as Cuvier

supposed, but upon the back of the animal. The generative cseca at cer-

tain times of the year become enormously distended, being at least thirty

times as large as when not in a gravid state : if examined at this period,

they are found to contain a whitish, yeUowish, or reddish fluid, in

which, in the female, the ova are suspended. In the male a precisely

similar structure exists ; but instead of ova, the caeca contain a fluid

crowded with spermatozoa during the breeding-season.

(522.) After their escape from the egg, the young Holothurise have

been ascertained to undergo a kind

of metamorphosis scarcely less

wonderful than that observed in

Ophiurus and Ecfiinus. In its first

or Phiteus condition, the little em-

bryo bears no resemblance what-

ever to the future animal, but

swims vigorously about by the

agency of broad membranous-

looking expansions that surround

the margins of its fiattened body,

wherein the stomach and other

viscera are distinguishable (fig.

156, 1, 2). In its second stage of

existence it has somewhat the ap-

pearance of a polype (fig. 156, 3)

;

and this ultimately becomes con-

verted into a larva-Uke being (fig.

156, 4), surrounded with several

Fig. 157.

Young Holothuria.

rows of vibratile cilia, by means of which its progression is accomplished.

In the interior of this larva a set of rudimentary oral tentacula, sur-

rounded at their bases by a circle of calcareous spicula, is developed, an
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alimentary canal makes its appearance, and even the ampuUas Polianae

are distinctly recognizable, surrounding the position of the future mouth.

In its fourth stage of advancement (fig. 157), the Holothurian structure

is no longer doubtful, although the apparatus of vibratile cilia stiU exists

upon the exterior of the body. The alimentary canal (a) may be seen

to terminate in a cloacal chamber, the Polian vesicle (6) is largely in-

creased in size, the calcareous circle (c) around the mouth is much

strengthened, the tentacles (d) have assumed larger proportions, and

even the appearance of the suctorial feet (e) is no longer doubtful ; the

longitudinal muscular fasciculi in the integument progressively acquire

strength, and the little creature is transformed into the shape and attains

the proportions of its parent*.

(523.) The special instruments of touch, the only sense allotted to

these animals, are the branched tentacula around the mouth, which

seem by far the most irritable parts of the body. The nervous system

is so obscurely developed, that even Delle Chiaje was unable to detect

any traces of its existence; nevertheless there is little doubt of the

presence of nervous threads in the muscular envelope of the animal,

although, from the dense tissues wherein they are imbedded, it is next

to impossible to display their course ; most probably, as in the Echinus

and Asterias, these communicate with a circular cord that embraces

the oesophagus. No ganglia have as yet been discovered even in the

Eolotlmridce ; and consequently, although the muscular actions of the

body are no doubt associated by nervous filaments, the movements of

these creatures appear rather to be due to the inherent irritability of the

muscular tissues themselves than to be under the guidance and control

of the animal. In many species, the slightest mechanical irritation

causes such powerful and uncontrollable contractions of the integu-

ment, that the thin membranes of the cloaca, unable to withstand the

pressure, become lacerated, and large portions of the intestine and other

viscera are forced from the anal aperture. So common, indeed, is the

occurrence of this accident, that the older anatomists were induced

to suppose that, by a natural instinct, the animals, when seized, vomited
their own bowels. It is, in fact, extremely difficult to obtain perfect

* M. de Quatrefages remarks that the above facts, simplified and denuded of all

extraneous detail, may be stated as follows. From the ovum of the Echinus is pro-
duced a kind of Infusory animalcule, which is changed by metamorphosis into a
Pluteus

;
and from the interior of the latter organism is produced a creature of totally

different character. We have here two generations, very distinct from each other,

produced by two different processes, although both are derived from the same gei-m.

But the peculiar circumstance in this mode of procedm-o is, that the product of the
second generation borrows largely from the first ; the bud formed by gemmation, aa

it enlarges, encircles organs already formed, and appropriates them to its own use.

As a wliole, the animal exhibits geneagenesis ; but the stomach in Echinus and
Ophiurm, the whole digestive apparatus and other organs in the Holothuridce, only
have to undergo a simple metamorphosis.
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Fig. 158.

specimens of the Holothuridoe, from the constant occurrence of this

accident : but, although annoying to the naturalist, such a phenomenon
affords the physiologist an important lesson, teaching that here, as in

the lower Zoophytes, the muscular system possesses an innate contractile

power, which would seem only to be destroyed by incipient putrefaction

;

but so little is this contractility under command, that, once excited to an

inordinate extent, it becomes totally unmanageable, even though its

continuance inevitably causes the evisceration of the creature.

(524.) PisiuLAEiD^.—In order to complete our account of the organi-

zation of the Echinodermata, we have still to investigate the structure

of the FistularidcB—a group that, from the external appearance of the

individuals composing it, and the total absence of the tubular feet met

with in other families, has been improperly separated by some modem
writers from the class under consideration. Nevertheless we shall find

the position assigned to these animals by Cuvier to be in strict accord-

ance with the character both of their outward form and internal struc-

ture
;
only, instead of placing them with the lowest of the Echinoderms,

they would have been more properly situated at the head of the class,

as most nearly approximating the Annelida in all the details of their

economy. We have already given a description of the outward form of

a Fistularia (§ 425), and seen the completely annulose condition of its

body, although the radiating tentacula around the

mouth are evidently analogous to those of the Ho-
lothuria, already described.

(525.) The Sipunculus (fig. 158), another form

which we shall select to exemplify the anatomy of

these creatures, inhabits shallow seas, concealing

itself at the bottom in holes that it excavates in

the sand. Having once located itself, it is seldom

found to quit its concealment, but, retaining its

hold upon the sides of the retreat which it inhabits,

by dilating the posterior part of its body, it occa-

sionally protrudes its head from the orifice, either

for the purpose of procuring food, or of respiring

more freely the water of the ocean.

(526.) These animals are much sought after by

fishermen, who employ them as baits for their

hooks ; and one species, Sipunculus ecluLis, is used

in China as an article of food.

(527.) The body is covered externally with a

delicate cuticle, easily separable by maceration or

simple immersion in spirit; and when thus detached it forms so loose a

covering, that Linnsous, deceived by the appearance of an animal thus

preserved, applied to it the name of Sijmncidus saccatus.

(528.) The muscular investment, placed beneath the skin, is com-

Sipunoulus.
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posed of strong fasciculi arranged in three distinct layers. The exter-

nal stratum is disposed in circular rings, beneath which spiral fibres

may be observed crossing each other at various angles ;
and, lastly, the

inner coat is made up of about thirty powerful longitudinal bands, ex-

tending from one extremity of the body to the other. Such an arrange-

ment is evidently sufficient for the general movements of progression

;

but, in order to facUitate the retraction of the tentacular apparatus

aroimd the mouth, eight additional muscles surround the oesophagus

;

and by their action the whole of the oral apparatus is completely in-

verted and drawn inwards.

(529.) The tentacula around the oral orifice are the principal agents

employed in seizing and swallowing food, an ofiice to which they are

peculiarly adapted by their great sensitiveness and power of contraction;

but, as we have found to be generally the case among the Echinoder-

mata, sand and fragments of shell form the great bulk of the contents

of the intestine, so that it is by no means easy to state precisely the

nature of the food upon which the Sipuuculi are nourished.

(530.) The structure of the alimentary canal and of the nutrient

apparatus conforms too accurately to what we have already seen in

Holoihuria to permit of a moment's hesitation concerning the relation-

ship that exists between the apodous Echinodermata and the Holo-

thurida3. The oesophagus (fig. 159, h) is narrow, and soon dilates into

a kind of stomachal receptacle (c) ; but although the diameter of the

intestinal tube is at this point perceptibly larger than in any other

part of its course, there is no other peculiarity to distinguish it from

the rest of the intestine. In the Annelida, the digestive apparatus is

invariably straight, traversing the body from one extremity to the other,

—a circumstance that distinguishes them remarkably from the Echino-

derms we are now considering ; for in Sipicnculus we find a digestive

canal six or seven times the length of the animal, within which it is

folded upon itself in vaiious distinct convolutions. Leaving the stomach,

if we may so caU the dilatation above alluded to, it passes down (d d d)

nearly to the tail, where it is reflected upon itself, and mounts up again

as far as the point where it commenced ; here it again turns back, and,

once more reaching the bottom of the tegumentary sac, becomes a

second time directed upwards, and reascends as far as the point e, where

the anus is situated.

(531.) It is easy to account for this extreme length of the intestine

when we consider the nature of the materials used as food, and the

sraaU proportion of nutriment contained among the sand and broken

shells found in the digestive canal : but the remarkable position of the

anal aperture is only explicable by a reference to the peculiar habits of

the creature ; for (living, as it does, in a narrow excavation bored in

the sand, from which it seldom issues), had the excrements been dis-

charged, as in Ilolothuria, through a terminal orifice, their constant ac-
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Fig. 159.

cumulation at the bottom would soon expel the animal from its retreat;

but, by the arrangement adopted, it is only necessary that the anterior
part of the body should be protruded

from its concealment, and the excre-

raentitious matter may be cast out

without inconvenience. The intestine

is retained in situ and supported at all

points by innumerable tendinous

bands, that arise from the interior of

the muscular walls of the body, and
form a kind of mesentery.

(532.) In SipuncuTus, the character

of the circulating system is in all

essential points strictly analogous to

that of the other Echinodermata

;

and moreover, from the superior con-

centration visible in every part, we
have the multiplied organs of the

other families exhibiting so much
simplicity of arrangement, that what-

ever may have appeared obscure or

complicated in our description of

Echinus and Holothuria will receive

elucidation from the diagrammatic

form in which all the vessels connected

with the circulation of the blood are

represented in fig. 159. The intes-

tinal vein (m) may be readily traced

along the entire length of the alimen-

tary canal : commencing near the

anal extremity of the bowel, it follows

all its convolutions, and receives from

every part the minute vessels which

ramify over the intestinal walls.

These venous ramifications undoubt-

edly perform the office assigned to

the lacteals of higher animals, and

imbibe the nutritive particles fur-

nished by digestion, which of course

are conveyed into the great venous trunk (m). Arrived opposite to

the termination of the oesophagus, the intestinal vein divides into two

vessels :—one performing the office of a brancliial artery, by conveying

a part of the blood to the respiratory organs in the neighbourhood

of the mouth ; the other, which we may call the aorta, distributing

the remainder to all parts of the tegumentary system. The branchial

Anatomy of Sipunculus: a, oral tentacles

;

b, cBBophagus; c, stomach; d dd, intestinal

canal ; e, position ofanal orifice ;f,p, OTaria

;

g, external orifloe of ovary ;
h, ampulla Poli-

ana; i, cerebral ganglia; I, heart; m, intes-

tinal vein; n, branchial vessel; o, aortic

trunk.
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vessel (n) runs from the bifurcation of the intestinal vein to the base

of the oral tentacles, vrhere it forms a vascular circle around the

commencement of the oesophagus, analogous to that which we have

seen in HoloihuHa ; and in connexion with this circular vessel we find

the " ampulla Poliana" (Ji), which Delle Chiaje conceives to be here, as

in other cases, a receptacle for the circulating fluid. From the vascular

circle around the mouth, vessels are given off to ramify minutely through

the substance of the tentacula (a) ; so that these appendages may be

regarded as respiratory organs like those of Holoihuria. The other

vessels derived from the oral circle have not been traced ; but we may
conclude from analogy that arteries supplying the mouth and alimen-

tary canal are furnished from this source.

(533.) The aorta (o) is the other large vessel derived from the intes-

tinal vein, and is seen to pass in a flexuous course from its origin to

the posterior extremity of the body, following the median line, and

giving off transverse branches on both sides opposite to every ring of

the muscular integument. At the commencement of the aorta is a

dilated vesicle (Z), which may be looked upon as a heart (auricle, Delle

Chiaje). The vesicle alluded to is of a conical form, the apex of the cone

being directed towards the tail of the animal; and, from the impossibility

of making mercury pass from the aorta through this organ in the di-

rection of the intestinal vein, it is probable that it contains an appa-

ratus of valves so disposed as to prevent any retrograde motion of the

blood. At the termination of the aorta there appears to be a second
enlargement, to which the name of ventricle has been given, and which
is perhaps also capable of contraction, so as to assist in the propulsion
of the circulating fluid. The blood of these animals is of a purple colour
in the veins, but red in the arterial vessels.

(534.) We have seen that the tentacula are, from their vascularity,

well adapted to fulfil the office of a respiratory apparatus ; but it may
be presumed that they are not the only agents by which respiration is

accomplished. Upon the outer surface of the body, in the neighbour-
hood of the anal opening, two apertures are visible, which lead into two
long sacculi (f,p), the entrance being guarded by muscular fibres (g) :

their texture presents transverse and longitudinal striee ; and they con-
tract spontaneously, even after the animal is dead ; internally they are
lined with a mucous membrane. The use of these organs is not pre-
cisely known; Cuvier regarded them as belonging to the generative
system, while Delle Chiaje looks upon them as respiratory organs.

(535.) In this elevated form of the Echinodermata, so nearly allied

to the Homogangliate type, we may naturally expect a more complete
development of nervous ganglia than we have yet met with in the class •

and accordingly we find, upon the anterior part of the ossophagus, two
little nervous tubercles (i) from which nervous filaments issue to bo
distributed to different parts of the body ; one of these, in particular,
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may be traced along the whole length of the intestine, from the mouth
to the anus.

(536.) We are entirely ignorant concerning the mode of reproduction

in these creatures. Nevertheless, at certain seasons of the year, on

opening the visceral cavity it is found to be filled with a fluid of a

reddish tint, in which thousands of minute white bodies resembling

millet-seeds are seen to float : If these are ova, they are probably ex-

pelled through an orifice that exists in the vicinity of the tail.

CHAPTER IX.

HOMOGAIfGLIATA* (Owen).

Articulata (Cuv.). Annulosa (MacLeay).

(537.) The next great division of the animal kingdom includes an

immense number of living beings, adapted by their conformation to

exist under a far greater variety of circumstances than any which we
have hitherto had an opportunity of examining, all of which are ob-

viously only adapted to an aquatic life, and accordingly are invariably

found either to inhabit the waters around us, or to be immersed in the

juices of living animals upon which they subsist. Even the Echino-

dermata are too imperfect in their construction to admit of their en-

joying a terrestrial existence, inasmuch as, possessing no nervous cen-

tres adequate to give force and precision to their movements, they are

incapable of possessing external limbs endowed with sufficient power

and activity for progression upon land ; neither are any of them fur-

nished with the organs of sense that must be indispensable for the

security of creatures exposed to those innumerable accidents to which

the inhabitants of a rarer element are perpetually liable.

(538.) The type of structure met with in the Homogangiiata admits

of far higher attributes and allows the enjoyment of a more extended

sphere of existence : senses become developed proportionate to the in-

creased perfection of the animal; limbs are provided endowed with

strength and energy commensurate with the development of the nervous

ganglia that direct and control their movements ; and instincts are

manifested in relation with the increased capabilities and more exalted

powers of the various classes as they gradually rise above each other in

the scale of animal development.

(539.) The most obvious though not the most constant character

that distinguishes the creatures we are now about to describe is met

with in their external conformation : they are all of them composed of

* 6/i6s, similar ;
yayyXiov, a nervous centre : ^having the ganglionic conti'cs of the

noryous system arranged in symmetrical series.
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a succession of rings or segments (somites) formed by the sldn, or out-

ward integument, which from its hardness constitutes a kind of external

skeleton, supporting the body and giving insertion to the muscles pro-

vided for the movements of the animal. In the lowest forms of the

Articttlata, the body is extremely elongated, and the rings proportion-

ally numerous ; the integument, moreover, is soft and yielding, and,

as a necessary consequence, the limbs appended to the different segments

are feeble and imperfect : such is the structure met with in the Worms,

or Anneiidans, properly so called.

(540.) As we advance, we perceive the tegumentary rings to become

less numerous, and the skin of a denser and firmer texture, adapted to

sustain the action of stronger and more powerful muscles ; the limbs

hkewise become more elaborately formed, their movements more free

and energetic, and the instruments of sight and touch begin to assume

considerable perfection of structure. This state of development we find

in the Myeiopoda, or Centipedes.

Fig. 160.

Sketch of an insect, showing the characteristic divisions of the body, a, head ; b, thorax ; c
abdomen : a, antennte.

(541.) In the Insects, the concentration of the external skeleton is

stiU more remarkable. The integument assumes a hardness and solidity

proportioned to the vigorous movements of which the limbs are now
capable

;
the rings or segments of the body, hitherto distinct, become

more or less firmly soldered together in those parts where great strength
and firmness are necessary, and scarcely any traces are left to indicate
their existence as separate pieces ; so that, instead of exhibiting that
succession of similar segments seen in the Centipede, the body is appa-
rently divided into three distinct portions, viz. :—the head, that contains
the organs of the senses and the parts of tho mouth ; the tJiorax, sus-
taining the limbs, or instruments of progression ; and the abdomen, en-
closing the viscera subservient to nutrition and reproduction.

(542.) In a fourth division of articulated animals, namely the
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Ahachnidans or Spiders, still further consolidation of the external

skeleton is visible
;

for, in them, even the separation between the head
and the thorax is obliterated, and it is in the abdomen only that the

segments of the body are recognizable.

(543.) Lastly, among the Crtjsxacbans we have various modifications

of the outward skeleton, adapted to the habits of the different tribes.

In the least-perfect species, which are all aquatic, the segments of the

skeleton are perfectly distinct and separate, resembling those of the

Myriopoda ; but in the stronger and more predacious tribes, the pieces

of the head and thorax become solidly fixed together ; and in those

forms most adapted to a terrestrial life, namely the Crabs, almost all

traces of distinction between the thoracic segments are lost in the con-

struction of the calcareous shield that covers and protects their whole

body.

(544.) We see, therefore, from the above rapid sketch of the different

classes composing the articulated division of the animal kingdom, that,

as their organization assumes greater perfection, the different segments

of the external skeleton coalesce, and become united together, so as to

give greater strength to those parts more immediately connected with

locomotion or the destruction of prey ; let us next examine the nature

of the nervous apparatus that characterizes the Homogangliata, and

observe the relation which the outward form of the body bears to the

arrangement of this primary system of the animal economy. In the

humblest forms of the Annulosa, it would seem that every ring of the

body contains a complete nervous apparatus, consisting of a pair of

ganglia and a set of nerves destined to supply the particular segment

in which they are lodged. All these different brains, belongiag to the

individual segments, communicate with each other by nervous filaments,

so that a continuous chain is formed, passing along the whole length of

the body. With the exception of the anterior pair of ganglia, or those

contained in the first ring, which we may call the head, the nervous

centres are arranged along the ventral region of the body—that is,

beneath the alimentary canal ; but the anterior pair are invariably

situated upon the dorsal aspect of the animal, and communicate with

the rest by a nervous collar that embraces the commencement of the

oesophagus. The nervous masses placed along the belly preside specially

over the movements of the segments to which they belong, and have

little to do with sensation, or the perception of external objects ; whilst

the anterior or cephalic pair, from the constancy of their communi-

cation with the organs of the senses, appear to be peculiarly in relation

with the perceptive faculties of the creature.

(545.) It may be taken as a general law, that the perfection of the

nervous system of any animal may be estimated by the proportionate

size of the central ganglia, upon the development of which both the

energy of the actions of the body and the completeness of perception
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depend ; and by following out this great principle, we ehajll be easily

able to account for the progressive steps whereby the Articulata become

more and more perfectly organized, as we trace them in the series above

indicated. In proportion as we have found the segments of the body

to become less numerous, the appended limbs stronger, the outward

skeleton more dense, and the muscular powers more energetic, we shall

find the abdominal ganglia to diminish in number by becoming consoli-

dated into larger masses, increasing in size and energy in accordance

with the development of the limbs over which they preside
;
and, in the

same manner, we shall observe the senses assume greater perfection of

structure, and the instincts become more developed, as we find the

cephalic or anterior pair of brains increasing in proportionate bulk.

(546.) Among the Homogangliata are likewise to be detected the

first traces of the sympathetic or splanchnic nervous system. This con-

sists of deKcate filaments which are distributed upon the alimentary

canal, presenting, in their course, ganglionic enlargements, and anasto-

mosing, some with the oesophageal ring, and others with the cerebral or

encephalic ganglia*.

(547.) These observations will suffice to introduce the student to the

Homogangliate division of the animal world, and to direct his attention

to those physiological points connected with the nature of their nervous

system which will be more fully laid before him in the following pages.

CHAPTER X.

ANNELIDA.

(548.) The lowest class of articulated animals comprehends an exten-

sive series of creatures generally grouped together under the common
name of Worms. In the outward form of their bodies many of them
resemble some of the more perfect Entozoa, and we need not therefore

be surprised that, in ordinary language, they are frequently confounded

together. But whatever may be the similarity in outward appearance

between the more perfect intestinal worms and the animals belonging

to the class upon the consideration of which we are now entering, the

examination of their anatomical structure will at once show that they

differ widely from each other, and have thus been properly separated

by a considerable interval in aU the more modern systems of zoological

arrangement.

(549.) The principal characters which serve to distinguish the

Annelida from other forms of the animal world are readily appreciated,

* Vide Brandt, Bemerkungen iiber die Mund-, Magen- oder Eingoweidenerven der

Evertebraten. Leipzig, 1836.
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and, when once pointed out, will bo found sufficient for the guidance of

the most superficial observer. The body is always considerably elon-
gated, and composed of a succession of rings or segments that, with the
exception of the first and last, scarcely differ from each other except in

size. Each ring is generally found to bo furnished with a set of short

spines or setae, calculated to assist in locomotion ; but in no instance are
these animals provided with articulated legs. The first segment of the
body, which may be called the head, contains the mouth, sometimes
provided with a formidable apparatus of jaws; it is also generally

furnished with eyes, and variously shaped tentacula, apparently instru-

ments of touch. The last segment also not unfrequently presents seti-

form appendages, and occasionally a prehensile sucker, used as an organ
of progression.

(550.) Their blood is sometimes remarkable for its red colour, and
circulates in a double system of arteries and veins ; and respiration is

effected either in the general cavity of the body, or by means of arbo-

rescent tufts appended to various parts of their external surface.

(551.) Abranchiata.—This order comprises two distinct tribes, that

differ widely in their habits and external appearance : the first com-
prehends the Leeches (Annelida suctoria), distinguished by the exist-

ence of a prehensile sucker situated at each extremity ; while instru-

ments of attachment are totally wanting in the second, the only external

appendages to the body being a number of minute and almost impercep-

tible bristles, wMch project from the different segments and assist in

progression : such are the Earthworms &c. (Annelida terricola).

(552.) The common Leech (Hirudo medicinalis) affords the most

interesting example of a suctorial Annelid. The outward form of one

of these animals is familiar to every one, and their general habits too

weU known to require more than a brief notice. The body is very

extensible, and divided by a great number of transverse lines into

numerous rings, apparent in the contracted state of the animal, but

nearly imperceptible when the body is elongated. The skin is soft,

being merely a thin cuticular peUicle separable by maceration ; and the

surface is lubricated by a copious secretion of mucus. Beneath the

cuticle is a layer of coloured pigment, upon which the colours of the

animal depend ; but the cutis, or true skin, is so intimately connected

with the muscular integument of the body, that its existence as a

distinct tunic is scarcely demonstrable. The muscular coverings or

walls of the body, which form a kind of contractile bag enclosing the

viscera, are found, upon accurate dissection, to consist of three strata of

fibres running in different directions. The outer layer is composed of

circular bands, passing transversely ; in the second the fibres assume a

spiral arrangement, decussating each other ; while the internal layer is

made up of longitudinal muscles, extending from one end of the creature

towards the opposite. Such an arrangement is evidently adequate to
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the production of all needful movements, and capable of giving rise to

all the motions connected with the elongation, contraction, or lateral

inflexions of the body used in progression.

(553.) At each extremity of the animal, the muscular coat expands

into a flattened fleshy disk, composed of circular and radiating fasciculi,

which, when applied to a smooth surface, perform the oflSce of suckers,

and thus become important instruments of prehension. There are no

vestiges of external limbs ; nevertheless, with the simple mechanism
above described, the Leech is able to crawl wdth considerable rapidity

along the surface of subaquatic plants, or even to swim with much
facility through the water. The first method of locomotion is accom-
plished by means of the terminal suckers. Supposing the posterior disk

to be attached, the animal elongates its body to the utmost, and then
fixes the sucker placed at the opposite extremity ; this done, the hinder
parts are drawn forward and again fixed, preparatory to a repetition of
the process. In swimming, the whole body is elongated, and by some
partial contractions of the muscular integument, not precisely under-
stood, assumes the appearance of a flattened band; in this condition the
Leech makes its way through the element it inhabits by successive undu-
latory movements of the body, performed with much grace and elegance.

(554.) The mouth of the Leech is an exceedingly complete apparatus,
adapted not only to the destruction of the minute aquatic animals that
constitute its usual food, but, as is universally known, admirably fitted
to extract blood from the higher animals—combining, in its operation,
the ofl3.ces both of the cupping-glass and the scarificator.

(555.) The mouth is situated near the centre of the anterior sucker,
so that the oral aperture is firmly appHed to any surface upon which
this part of the animal is fixed. Around the entrance of the oesophagus
are disposed three minute cartilaginous teeth, imbedded in a strong
circle of muscular fibres (fig. 161, a). Each tooth has somewhat of a
semicircular form, and, when accurately examined with a microscope,
is found to have its free margin surmounted with minute denticulations
(fig. 161, B), so as to resemble a small semicircular saw. On watching
a leech attentively during the process of biting, the action of these
teeth IS at once evident

;
for, as the skin to which the sucker is ad-

herent IS rendered quite tense, the sharp serrated edges of the teeth are
pressed firmly against it, and, a sawing movement being given to each
cartilaginous piece by the strong contractions of the muscular fibres
around the neck, these instruments soon pierce the cutis to a consider-
able depth and lay open the cutaneous vessels, whence the creature
sucks the fluid which its instinct prompts it to seek after with so much
voracity. The position of the teeth around the opening of the mouth
as represented in the subjoiner] figure (fig. 161, a), will at once explain
the cause of the triradiate form of the incision that a leech-bite in-
variably exhibits.
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Dental apparatus of the Leech. A, triradiate arrange-

ment of the teeth or saws ; B, a tooth magnified.

(556.) On contemplating this singular dental apparatus found in the

medicinal Leech, and considering the nature of the food upon which it

usually lives, it is difficult „.
,

'.
. , , , Fig. 161.

to avoid arriving at the

conclusion that such a

structure is rather a pro-

vision intended to render

these creatures subservient

to the alleviation ofhuman
suffering than necessary

to supply the wants of the

animals themselves. In

the streams and ponds

where they usually inhabit,

any opportunity of meeting

with a supply of the blood

ofwarm-bloodedvertebrata

must be of rare occurrence

;

so that comparatively few are ever enabled to indulge the instinct that

prompts them to gorge themselves so voraciously when allowed to obtain

it : neither does it appear that the blood which they swallow with so

much avidity is a material properly suited to afford them nourishment

;

for, as is well known, most frequently the death of the Leech is caused

by such inordinate repletion, provided the greater portion of what is

taken into the body is not speedily regurgitated through, the mouth.

(557.) The internal digestive apparatus is evidently adapted, from the

construction of aU its parts, to form a capacious reservoir for the recep-

tion of fluids taken in by suction : the stomach, indeed, with the nume-

rous lateral appendages opening from it on each side, would seem to fill

the whole body ;
and, being extremely dilatable, allows the animal to

distend itself to a wonderful extent, so that it is not unusual to see a

leech, when filled with blood, expanded to five or six times the dimen-

sions natural to it in an empty state.

(558.) The stomach itself (fig. 162, h i) occupies about two-thirds of

the visceral cavity ; on opening it, as represented in the figure, it is

seen to be divided by delicate septa into nine or ten compartments that

communicate freely with each other. In each compartment we observe

two lateral orifices leading into as many wide membranous pouches (/<:),

which, although shrunk and flaccid when in an undistonded condition,

as they are seen in the figure, are easily filled with fluid introduced into

the stomach, and are then sweUed out into very capacious bags. Perhaps

the simplest way of obtaining a correct idea of the relative sizes and

general arrangement of these organs is to make a cast of their internal

cavities when in a state of distention ; this is readily effected by placing

a dead leech in warm water until it is slightly heated: in this state, the
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pipe of a small injecting syringe can be introduced into the oesophagus,

so as to fill the stomach and caeca with common wax injection ; and if

the body be immediately removed into a vessel of diluted muriatic acid,

Fig. 162.
the soft parts will be speedily destroyed,

leaving an exact model of the interior. It

will then be seen that the lateral caeca in-

crease gradually in size as they approximate
the posterior extremity of the body, until the

last pair (cZ) become so large as nearly to fill

up the space intervening between the end of

the stomach and the anal boundary of the

visceral cavity.

(559.) A stratum of round, whitish, glandu-
lar corpuscles exists, imbedded in the coats of

the pharynx and oesophagus, which is looked
upon as representing a salivary apparatus. A
peculiar brown tissue has likewise been de-
tected in connexion with the alimentary canal,

composed of a- congeries of elongated, convo-
luted, and irregularly constricted follicles,

which are united in groups by the confluence
of their ducts into a single excretory tube.

These excretoiy tubes unite with those of

other groups of foUicles, and pour a secretion,

supposed to represent bile, into the intestine.

(660.) The small size of the intestine (e)

when compared with the capacious stomach,
described above, is remarkable. It commences
by a minute orifice at the termination of
the digestive cavity, and, becoming slightly

enlarged, passes in a straight line, lodged be-
tween the two posterior caeca, to the anus,
which is an almost imperceptible aperture
placed at the root of the posterior sucker

:

four smaU and apparently glandular masses
are appended to this short canal ; but their nature is unknown.

(o61.) In the Leech the circulating system is more highly developed
than in any other Annelid* The presence or absence of a heart-like
centre to this system in this class of animals is by no means the true
cntenon of the degree of its evolution ; the amount of blood relatively
to the size of the body, the degree of capiUary subdivision which occms
at the periphciy of the blood-system, and the proportion of the latter
to the peritoneal fluid form far more correct indications. In the Leech

* Williams's Eeport on the British Annelida, in the Eeporta of th^Bntish Association for the Advancement of Science for 1851.
^

Digestive organs of the Leech
{Jlirudo medicinalis) : b, mouth

;

h i, interior of the stomachal
cavity, exhibiting the openings
of the lateral caeca (it); g, flj-st

pair of stomachal cseoa
; d, last

pair, extending backwards on
each side of the intestine e.
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there exists no free space between the intestine and the integument.

Here the chylous fluid, which in nearly all other Annelids occupies the

general cavity of the body (like a cylindrical fluid stratum separating

the intestine from the integument), is transferred into the interior of the

lateral diverticula of the stomach. The peritoneal chamber, being no

longer required, is obliterated by the adhesion of the intestine to the

integument : the union of these parts is effected through the medium of

a dense spongy layer of capillary blood-vessels, the contents of which

are exposed internally to the influence of the fluid contained in the di-

gestive caeca, and externally to that of the surrounding element : hcnco

the mechanism of the respiratory process, and the power enjoyed by this

and other abranchiate Annelids of dispensing with all external breathing

appendages.

(562.) While, however, the vascular system in the Leech exhibits

groat complexity, the main currents of the blood obey two leading

directions. If the body of the worm be longitudinally bisected by an

imaginary horizontal plane into a dorsal and ventral semicylinder,

then the blood in the primary trunks of the dorsal half will move

from the tail towards the head, and in the ventral half from the

head towards the tail. The transverse or circular movement of the

blood is performed by means of branches which run between the main

longitudinal vessels ; so that each segment of the body, under this

arrangement, has its own independent circulation, transverse and longi-

tudinal, and, while the segmental divisions of the general system com-

mnnicate with each other at every part, the longitudinal trunks are

common to all the segments. From this description it is manifestly

impossible that a distinction of venous and arterial blood can exist in

the circulating fluid of this Annelid ; in every part of the circumference

of each ring the blood is being arterialized as it is being rendered venous

;

the two opposite processes proceed simultaneously in the same capillary

system. The blood must be, therefore, as arterial and as venous at one

and the same time in the dorsal as in the ventral tmnks ;
notwith-

standing, the dorsal main is recipient, the ventral distributive of the

blood: aR the secondary currents converge upon the former, and

emanate from the latter ; the blood in both is nevertheless identical in

physiological properties.

(563.) In addition to the main dorsal and ventral trunks, there exist

in the Leech two strong and obvious lateral trunks, one on each side

(fig. 163, e,e).
i

•
- a

(564.) It has been generally considered that, in the abranchiate An-

nelidans, the organs provided for respiration are a series of membranous

pouches, communicating externally by narrow ducts (or spiracles, as they

have been termed), into which aerated water is freely admitted. These

sacculi in the Leech, are about thirty-four in number, seventeen being

visible on each side of the body : they are extremely vascular
;
and in



RESPIRATOEY SYSTEM OP THE LEECH. 243

connexion witli ovory one of them there is a long glandular-looking

appendage, represented in fig. 165, to.

(565.) According to the views of M. Duges, the two lateral vessels in

the Leech are appropriated to the supply of this respiratory system, and
in them the blood moves in a circle quite independent of that formed by
the dorsal artery and ventral vein, although they all communicate freely

by means of cross branches.

those passingfromthe lateral

vessels to the dorsal being

called by M. Duges* dorso-

lateral, while those which

join the lateral trunks to the

ventral canal are the latero-

ahdominal branches of that

observer. The movement of

the blood in the lateral or

respiratory system of vessels

is quite distinct from that

which is accomplished in the

dorsaland ventral or systemic

trunks : sometimes it passes

down one of these vessels

from the head towards the

tail, and in an opposite direc-

tion on the other side of the

body; but in a short time

the movement of the cur-

rents will be seen to become

completely reversed, so that

anundulatory motion, rather

than a complete circulation,

is kept up. By this action

Fig. 163.

Diagram illustrative of the circulatory apparatus in
the Leech (Hirudo medicinalis. (After Dr. Williams.)
a, great dorsal vessel

; c, ventral vessel; d, d, intercom-
municating vessels between dorsal and ventral trunks

;

e, e, lateral abdominal trunks; g, vessels distributed over
the cseDal appendages to the stomach.

of the lateral canals the blood is made perpetually to pass and repass
the respiratory sacculi

;
and, opposite to each of these, branches are

given off which form so many independent vascular circles representing
very closely the minor or pulmonary circulation of higher animals.

(566.) On examining attentively one of the " respiratory pouches,"
according to the same authority, its membranous waUs are seen to be
covered with very fine vascular ramifications (fig. 164,/), derived from
two sources : the latero-abdominal vessel (d) gives off a branch (e),

which is distributed upon the respiratory sacculus ; and there is another
very floxuous vascular loop (b), derived from the lateral vessel itself (a),
which terminates by ramifying upon the vesicle (/) in a similar manner!
The walls of the loop (h) are extremely thick and highly irritable

;

* Ann. dos Sci. Nnfc. vol. xv.

K 2
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but on tearing it across, the internal cavity or canal by which it is per-

forated is seen to be of comparatively small diameter ; so that we are not

surprised that, although such appendages to the respiratory sacs were

detected and well delineated by former anatomists*, their nature. was

unknown, and they were supposed to be glandular bodies appropriated

to some undiscovered use. From the arrangement above described,

M. Duges was led to believe that small circular currents of blood exist,

which are independent, to a certain extent, of the general circulation,

and that opposite to

each membranous bag

a portion of the fluid

contained in the lateral

vessel (a) is given off

through the muscular

tube (b) (which thus re-

sembles a pulmonary

heart) and, after being

distributed over the

walls of the supposed

respiratory vesicle, and

in this manner exposed

to the influence of oxy-

gen, returns into the

general circulation.

These views of M.

Duges, however, have

been very properly con-

tested ; the respiratory

pouches are now con-

sidered to be merely

sacculi formed by an

inward folding of the in-

tegument, representing

Fig. 164.

Eespiratory organs of the Leech, Mcording to M. Dngfcs

:

a, lateral vessel ; 6, pulmonary heart ; c, dorso-lateral branch

;

d, latero-abdominal vessel; e, afferent pvilmonary branch
; /,

respiratory sacculus.

the tracheae of Insects, but in their actual form so rudimentary that

they serve chiefly as mere reservoirs of mucus (secreted by the loop-

like glands), with which the skin of the Leech is abundantly lubri-

cated f.

(567.) The nervous system of the Leech (fig. 165, Jc) consists of a

* Delle Chiaje, op. cit. Moquin-Tandon, Monographie but la famille des Hiru-

dinfes: 4to, Montpellier, 1827.

t Dr. Williams affirms that spermatozoa can always be detected in tbe interior of

these sacs, and regards them as " true yesiculoj seminales." The looped glands are

described by the same gentleman as ovaria, " ovarian utricles." Unfortunately for

Dr. Williams's theory, no observers have hitherto been able to confirm his statements

upon this subject, and they are now looked upon as being altogether fanciful.
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long series of minute ganglia joined by connecting filaments : of these,

about twenty-four are situated along the ventral surface of the body.

The anterior pair, or that immediately beneath the oesophagus, is larger

than the rest, forming a minute heart-shaped mass, which is united,

by a delicate nervous collar embracing the gullet, with two small

nodules of neurine situated upon the dorsal aspect of the mouth. The two
minute ganglia last mentioned form that portion of the nervous system
most intimately connected with sensation

; for, while the nervous fila-

ments given off from the abdominal ganglia are distributed to the

muscular integuments of the body, the nerves which issue from the

supracesophageal pair supply the oral sucker, where the organs of the

senses are situated. In all the Homogangliata, indeed, it is exclusively

from this cephalic pair of ganglia that the nerves appropriated to the

instruments of the senses are derived ; afid we shall therefore not hesi-

tate in the following pages to apply to this part of the neiTOUs system
of the Articulata the name of train, considering it to be strictly analo-
gous, in function at least, to the cerebral masses of more highly
organized beings.

(568.) The splanchnic system in the Leech consists of three small
ganglia, situated in front of the brain, with which they are connected by
delicate nervous filaments. All three send branches to the parts around
the mouth and to the inferior surface of the alimentary apparatus*.

(569.) When, however, we regard the minute size of these as yet
rudimentary nervous centres, we cannot expect to find them associated
with any very perfect apparatus of sensation. The oral sucker, indeed,
seems to possess a more delicate sense of touch than the rest of the
body, adapting it to examine the surface to which it is about to be
fixed

;
and probably the Leech may enjoy, in some measure, perceptions

corresponding with those of taste and smeU. These senses have been
found to exist in many of the animals we have already described j but in
the Hiruclmidcewe have, in addition, distinctly-formed organs of vision,
exhibiting, it is true, the utmost simpHcity of structure, but neverthe-
less corresponding, in the perfection of their development, to the con-
dition of the cerebral masses in relation with them.

(570 ) The eyes of the Leech are eight or ten . in number, and are
easily detected, by the assistance of a lens, under the form of a semi-
circidar row of black points, situated above the mouth, upon the sucking
surface of the oral disk—a position evidently calculated to render them
efficient agents m detecting the presence of food. The structure of
these simple eyes, according to Professor MiiUerf, does not as yet pre-
sent any apparatus of transparent lenses adapted to collect or concen-
trate the rays of light; but each ocellus, or visual speck, would seem
to be merely an expansion of the terminal extremity of a nerve derived
immediately from the brain, spread out beneath a kind of cornea formed

* See Brandt und Katzeburg, Med. Zool. tab. 29. t Ann. d. Sci. Nat. v„l xxii
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by the delicate and transparent cuticle : behind this is a layer of black

pigment, to which the dark colour of each ocular point is due.

(571.) Leeches, hke the generality of the Annelida, are hermaphrodite,

every one possessing two complete systems of generative organs, one

subservient to impregnation, the other to the production of the ova

;

nevertheless these animals are not self-impregnating, but the congress

of two individuals is essential to fecundity.

(572.) Commencing with the male organs, we are not surprised to

find the testes divided into numerous distinct masses, or, rather, repeated

again and again, in conformity with a law to which we have already

alluded. The glands that apparently secrete the seminal fluid are

about eighteen in number (fig. 165, e, f), arranged in pairs upon the

floor of the visceral cavity. Along the external edge of each series

there runs a common canal, or vas de-

ferens, which receives the secretion

furnished by all the testicular masses

placed upon the same side of the mesial

line, and conveys it to a receptacle (d),

where it accumulates. The two reser-

voirs, or vesiculce seminales (d, d), if we
may so call them, communicate with a

muscular bulb (c) situated at the root

of the penis. The penis itself (a) is

frequently found protruded from the

body after death; it is a slender tubidar

filament, which communicates by its

origin with the contractile bulb (c), and,

when retracted, is lodged in a muscular

sheath (6). The male apparatus is thus

complete in all its parts : the fecundating

secretion derived from the double row

of testes is collected by the two vasa

deferentia and lodged in the receptacles

{d, d) ; it is thence conveyed into the

muscular cavity (c) situated at the root

of the male organ of excitement, through

which it is ultimately ejected.

(573.) The ovigerous or female sexual

organs of the Leech are more simple in

their structure than those that constitute

the male system. They open externally

by a small orifice situated immediately behind the aperture from which

the penis is protruded, the two openings being separated by the intor-

vention of about five of the ventral rings of the body. The vulva, or

external canal, loada into a pear-shaped membranous bag (fig. 165, </),
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wliich is usually, but improperly, named the uterus. Appended to the

bottom of this organ is a convoluted canal (7i), that communicates with

two round whitish bodies ; these are the ovaria. The germs which are

formed in the ovarian corpuscles, therefore, escape through the tortuous

duct (7i) into the uterus (g), where they are detained for some time,

prior to their ultimate expulsion from the body. The exact nature of

the uterine sacculus, as it is called, is imperfectly understood : some

regard it as a mere receptacle wherein the seminal fluid of the male is

received and retained until the ova come into contact with it as they pass

out of the body, and thus are subjected to its vivifying influence ; other

physiologists believe that the germs escape from the ovaria in a very

immature condition, and suppose that during their sojourn in this cavity

they attain to more complete development before they are ripe for ex-

clusion; while some writers go so far as to assert that leeches are

strictly viviparous, inasmuch as living young have been detected in the

interior of this viscus : but all these suppositions are easily reconcilable

with each other. There is no doubt that the seminal Uquor is deposited

in this reservoir during the copiilation of two individuals ; neither would
any one dispute that the ova are collected in the same cavity before they

are expelled from the body. As to the discussion whether the young are

born alive or not, or, as it is generally expressed, whether leeches are

oviparous or viviparous, it is in this case merely a question of words
;
for,

in a physiological point of view, it cannot make the slightest difference

whether the ova are expelled as such, or whether, owing to their being
retained by accidental circumstances until they are hatched internally,

the young leeches make their appearance in a living state.

(574.) Leeches are oviparous. The ova remain in the uterus for some
time, where they become invested with a glutinous fluid which remains
attached to them after their expulsion, forming a kind of cocoon, and
serving as a protecting covering after they are deposited in the clay and
holes of the sides of ponds. These cocoons arc generally deposited
from May to the end of September.

^

(575.) Abkanchia teeeicoia.—The species belonging to the second
division of those Annclidans which possess no external organs of respi-
ration are easily distinguishable from the suctorial worms by the dif-
ferent construction of their instruments of locomotion. They live in
general beneath the surface of the ground, either perforating the soU in
all directions, as the Earthworms (Lumbrici), or burying themselves in
the mud of the sea-shore or of freshwater streams, where many of
them, called mides (iVais, Linn.), live a semiaquatic life. In con-
formity with such habits, their entire stracture is adapted to a subterra-
nean existence, and their bodies are so organized as to enable them to
burrow with facility tlirough the dense and unyielding materials wherein
they arc usuaUy found. Whoever has attentively watched the opera-
tions of an Earthworm when busied in burying itself in the earth, must
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have been struck by tbe seeming disproportion between the laborious

employment in which it is perpetually engaged, and the means provided

for enabling it to overcome difficulties apparently insurmountable by any

animal unless provided with limbs of extraordinary construction and

possessed of enormous muscular power. In the Mole and the burrowing

Cricket we at once recognize, in the immense development of the anterior

legs, a provision for digging, admirably adapted to their subterranean

habits, and calculated to throw aside with facility the earth through

which they work their way ; but in the worms before us, deprived as

they appear to be of all external members, feeble and sluggish even to

a proverb, where are we to look for that mechanism whereby they are

enabled to perforate the surface of the ground, and to make for them-

selves, in the hard and trodden mould, the pathways that they traverse

with such astonishing facility and quickness ?

(576.) The structure of the outer fleshy integument of the Earthworm

resembles in every respect that of the Leech, already described, both in

the annular arrangement apparent externally, and the disposition of the

muscular strata. The suctorial disks, however, that in the Leech formed

such important instruments of progression, are here totally wanting

;

and the annular segments of the body, as they approach the anterior

extremity, become gradually diminished in size, so as to terminate, when

the worm is fully stretched out, in a fine point, near the apex of which

is the opening of the mouth. But there is another circumstance wherein

the external anatomy of the terricolous Annelidans differs materially

from what we have seen in the suctorial Abranchia : in the latter, the

tegumentary segments were quite naked upon their outer surface;

but in the Lumbrici, of which we are now speaking, every ring, when

examined attentively, is found to support a series of sharp retractile

spines or prickles
;
these, indeed, are so minute in the Earthworm, that

on passing the hand along the body from the head backwards their pre-

sence is scarcely to be detected by the touch ; but they are easily felt by

rubbing the animal in the opposite direction—a circumstance arising

from their hooked form, and from their points being all turned towards

the tail. These differences between the external structure of the suc-

torial and setigerous Abranchia, minute and trivial as they might seem

to a superficial observer, are, however, all that are required to convert

an aquatic animal into one adapted to a subterranean residence, as will

be evident to any one who observes carefully the manner in which the

Earthworm bores its way through the soil. The attenuated rings in the

neighbourhood of the mouth are first insinuated between the particles of

the earth, which, from their conical shape, they penetrate like a sharp

wedge ; in this position they are firmly retained by the numerous re-

curved spines appended to the different segments : the hinder parts of

the body are then drawn forwards by a longitudinal contraction of the

whole animal—a movement that not only prepares the creature for
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advancing further into the soil, but, by swelling

out the anterior segments, forcibly dilates the

passage into which the head had been already

thrust ; the spines upon the hinder rings then

take a firm hold upon the sides of the hole thus

formed, preventing any retrograde movement,

and the head is again forced forward through

the yielding mould ; so that, by a repetition of

the process, the animal is able to advance with

the greatest apparent ease through substances

which it would at first seem utterly impossible

for so helpless a being to penetrate.

(577.) The alimentary canal of the Earth-

worm is straight and very capacious. Its great

size, indeed, is in accordance with the nature

of the materials employed as food ; for it is

generally found distended with earth ; and by
the older physiologists these creatures were re-

garded as afibrding proof that the nourishment
of animals was not exclusively derived from
animal and vegetable substances, since in this

case they supposed nutriment to be obtained
from matter belonging to the mineral kingdom.
This supposition, however, has long since been
exploded; for it is not from the earth that

nourishment is afforded, but from the decaying
animal and vegetable particles mixed up with
the soil taken into the stomach ; so that the
exception to the general law of nature sup-
posed to exist in the Earthworm has no founda-
tion in trath. The whole intestinal tract of
one of these animals is represented in fig. 166.
It consists of a wide oesophagus which termi-
nates in a crop-like dilatation ; to this succeeds
a muscular gizzard (/<;) and a long sacculated
intestine (Z) that passes in a direct line to the
anus, its walls appearing constricted by the
attachments of the transverse membranous
septa whereby it is fixed at intervals to the
muscular waUs of the body. Attached to the
inner surface of the intestine is a very remark-
able structure. This consists of a long and
slender tube, caUed the typlihsolen," the walls
of which are closed towards the cavity of the
intestine; it is supposed to act as a sort of ^iscn-a oithf Ettrthwom.
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strainer, whereby the chyle is separated from the coarse contents of

the wider intestine.

(578.) In the Earthworm, says Dr. Williams, the chylaqueous fluid is

almost entirely suppressed, and the visceral cavity obliterated. This vulgar

worm, however, does not breathe on the atmospheric, but on the aquatic

principle. It dies rapidly in perfectly dry places. Its cutaneous sur-

face is the scene of a dense plexus of blood-proper vessels. It is always

enveloped in a stratum of viscid fluid, which is remarkable for the pro-

perty of absorbing and dissolving atmospheric air.

This air, brought thus into immediate and inti-

mate contact with the surface ofthe body, operates

directly upon the blood proper circulating in the

cutaneous plexus. The alimentary canal, more-

over, is profusely supplied with a vascular tissue

whose ofiice may be regarded as a species of intes-

tinal respiration.

(579.) The circulation of the blood in the

terricolous Annelidans has been the subject of

much discussion, and until recently was but very

imperfectly understood. In the Earthworm there

are three principal trunks connected with the

vascular system*, the arrangement of which is

represented in the annexed diagram (fig. 167).

First, a dorsal vessel (a) runs along the whole

length of the back, in close contact with the in-

testine (fig. 1 66, 0 o), upon which it lies ;
this

vessel is tortuous, and exhibits constant move-

ments of contraction and dilatation, whereby the

blood is propelled in continuous undulations from

the tail towards the head. Two other large

vessels occupy the ventral region of the body
:
of

these, one (fig. 167, h), which we shall call the

ventral vessel, runs immediately beneath the ali-

mentary tube; while the other (c), that is situated

close under the skin, and consequently beneath

the ventral chain of ganglia composing the ner-

vous system, by which it is separated from the

last, may bo distinguished as the suhcjanxjlionic

vessel. These three great trunks are united by

important branches, and form two distinct systems

—one of which is deeply seated, being distributed to internal viscera;

the other is superficial, giving off innumerable vessels to the integuments

of the body ; and these, by ramifying through the skin, form an extensive

vascular surface adapted to respiration.

* M. Dugcs, Ann. dcs Sci. Nat. vol. xv.

Fig. 167.

Circulation in the Earth-
worm.
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(580.) The ventral vessel (b), like the dorsal (a), may be traced quite

to the anterior extremity of the worm, where numerous small anasto-

mosing branches unite the two trunks ; but these inosculations are of

little consequence in describing the circular movement of the blood—

a

more important communication being established, through which the
blood passes freely from one to the other, by the intervention of seven
or eight pairs of large canals, situated in the immediate neighbourhood
of the generative apparatus, with which indeed they are interwoven.
Each of these voluminous vessels (d) is composed of a series of swellings,

or rounded bead-like vesicles, endowed with considerable contractile

power
; and they form together a kind of heart, of remarkable con-

struction, which propels the blood received from the dorsal trunk into
the ventral tube (6)*.

(581.) Along the rest of the body, the communication between the
dorsal and ventral trunks is repeated at each ring by canals which are
much smaller than the bead-like or moniliform vessels and have no
vesicular arrangement

; they (fig. 167, g and e) run perpendicularly up-
wards, embracing the alimentary canal and giving otF branches at right
angles, which divide into innumerable ramifications so as to cover the
whole intestine with a delicate vascular network ; these may be called
the deep-seated ahdomino-dorsal branches.

(582.) The subganglionic vessel (c) may be looked upon as arising
from^ the termination of the dorsal vessel, with which it is evidently
continuous at the anterior extremity of the body. At the posterior
edge of every segment a deHcate branch is given off from this sub-
gangHonic tube (/), which, running upwards in the same manner as
those derived from the ventral trunk, joins the dorsal, and receives in
its course a large anastomosing branch from the deep abdomino-dorsal
canal that corresponds to it. Prom this system of superficial vessels
arises a cutaneous network, which traverses the skin in all directions.

(583.) Let us now trace the blood in its circulation through this
elaborate system. In the dorsal vessel (a) the sanguineous fluid passes
irom the taU towards the head ; at the anterior extremity of the body
It passes partly into the subganghonic vessel (c), through the anasto-

* The moniliform character which these vessels exhibit is produced by the process

f]^. rrtT" K ' Z ' "''^^"''"^ ""^y- lo°git^<ii"^l dorsal incision is made, andthe two halves be then separated and pinned down, the vessels under such tensionare sure to assume a moniliform outline ; that is, one part will dilate and tlie other
contract, and so on successively throughout the whole length of the vessels : the di-
lated portibn W.1 be filled with blood, and the contracted will be empty, and thebeaded figure wiU be perfect. If, however, a more careful mode of opening theworm be adopted, dividing, by means of fine scissors, the membranous segmental
partitions, and laying gently open the integuments, these vessels will present a per-
fed:ly smooth outlme: if now one of them be seized with the forceps and slightly
puUed, It Will become irregularly knotted, or moniliform. Muscular fibres chieflV

P'^'-''''^"
;

^"-i i« t° ^"leven aotion of these elementsthat the beaded form is attributable.—iJ?-. WilUams.
"ments
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mosing branclios, and partly into the ventral vessel (b), into which it is

forcibly driven by the contractions of the moniliform canals. In both

the ventral and subganglionic trunks, therefore, the course of the blood

is necessarily from the head towards the tail ; and the circulating fluid

is continually returned to the dorsal canal by the deep and superficial

abdomino-dorsal vessels (e, f, g), completing the vascular circle.

(584.) On reviewing the above arrangement, we immediately perceive

that, notwithstanding the similarity observable in the distribution of

the ventral and subganglionic systems of vessels, in a physiological

point of view they are subservient to very different functions—the

former representing the systemic, the latter the pulmonary circulation.

The blood derived from the dorsal trunk by the moniliform hearts (d)

is supplied by the ventral vessel (which may be compared to an aorta)

to the surface of the viscera; and the remnant of this blood, after fur-

nishing materials for nutrition, is returned to the dorsal canal by the

deep vessels (e, g) ; but that portion of the circulating fluid which passes

from the termination of the dorsal tube into the subganglionic trunk

not only serves for the nourishment of the skin and muscular integu-

ment, but at the same time is brought into contact with the air as it

passes through the cutaneous network, and is thus more or less re-

plenished with oxygen before it is again returned to the general circu-

lation. The subganglionic canal is therefore a kind of pulmonary

artery, and the dorsal drives to the moniliform vessels a mixed fluid,

composed partly of venous blood derived from the viscera, and partly of

arterial derived from the superficial or subcutaneous system.

(585.) Few points connected with the history of the Earthworms

have given rise to so much speculation as the manner of their repro-

duction. The generative organs have long been known to be lodged in

the anterior part of the body, their position being indicated externally

by a considerable enlargement or swelling that extends from the seventh

to about the fourteenth segment, counting from that in which the mouth

is situated. On opening this portion of the animal, a variable number of

white masses are found, attached to the sides of the crop and gizzard

(fig. 166, 7i, h, h) ; these have long, by general consent, been looked upon

as forming the reproductive system—some having been regarded as

representing the testes, others the ovaria : yet so delicate are the con-

nexions which unite these glandular masses, and such the difficulty of

tracing the ducts whereby they communicate with the exterior of the

body, that the functions to which they are individually appropriated

have given rise to much discussion. The Lumbrici have been gene-

rally acknowledged to be hermaphrodite—that is, possessed of organs

adapted both to the formation and fertilization of ova ; and it is like-

wise well understood that the congress of two individuals is essential to

the fecundity of both, as, in the earlier summer months, the mode in

which they copulate is a matter of constant observation. At such
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Fig. 168.

times two of these animals are found to come partially out of the ground
from contiguous holes, and applying together

those segments of their bodies in which the

generative glands are situated, are observed

to remain for a considerable time in contact,

joined to each other by a quantity of frothy

spume which is poured out in the neigh-

bourhood of the sexual swellings. No
organs of intromission, however, have ever

been distinguished; nor, until recently,

had the canals communicating between the

sexual orifices and the testicular or ovarian

masses been satisfactorily traced ; so that

Sir Everard Home* was induced to believe

that, in the kind of intercourse above
alluded to, there was no transmission of im-
pregnating fluid from one animal to the

other, but that the excitement produced by
mutual contact caused both the ovaria and
testes to burst, so that the ova escaping into

the cells of the body became there mingled
vfdththe spermatic secretion, and, being thus
fertilized, were hatched internally, and the
young, having been retained for some time
in the cells between the intestine and the
skin, were ultimately ejected through aper-
tures supposed to exist in the vicinity of
the tail.

_
(586.) According to M. Dug^sf, the arrangement of the sexual parts

IS represented in the diagram fig. 169. The testicles (b) are placed
in successive segments of the body from the seventh backwards • thev
vary in number in different individuals, from two to seven ; but whether
this vanety depends upon a difference of species, or is only caused bythe postenor pairs becoming atrophied when not in use, is undeterminedEach testis IS fixed to the bottom of the ring in which it is placed by ashort tubular pedicle that opens externaUy by a veiy minute porehrough which a milky fluid can be squeezed. ^The t^tiXvesic

S

of the same sjde of the body aU communicate by a common canal ; andthe contained fluid, which, like the seminal secretion of other animals
contains spennatozoids can readily be made to pass from one to another'

(587.) The ovana (o) are eight large white masses, of a granulai^
texture, from which anse two delicate tubes or oviducts; these haveno connexion with the testes, but, running backwards, they become dilated into two small vesicles at their termination (d), and open bv two

- Lectures on Comp. Anat. vol. iii. f Ann. des Sci. Nat. vol xv

Plan of the circulation in an
Earthworm. (After Dr. Williams.)
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apertures or vulvro seen externally upon the sixteenth segment of the

body : in these ducts, eggs have been

detected as large as pins' heads.

The following is Dr. Williams's ac-

count of this mysterious apparatus*.

(588.) The generative system of

the Earthworm is situated in the im-

mediate vicinity of a thickened ring

or band, bounded by abrupt limits,

which implicates six or eight of the

annuU of the body. This thickening,

when closely examined, is found to

depend upon an extraordinary de-

velopment of the cutaneous follicles.

On the abdominal aspect of this

thickened portion suctorial cups are

formed, by aid of which, during the

congress of two individuals, mutual

contact is maintained ; but the gene-

rative segments internally have no

relation with this suctorial ring of

integument, nor has this latter part any thing to do with the true

genitalia. It is, like the thumb of the Erog, a mere provision for the

mutual apposition of two individuals. The enlarged follicles of this

cutaneous ring, moreover, discharge another function
;
they supply the

peculiar glutinous secretion which affords a protecting capsule to the

ova as they escape from the body.

(589.) In studying the visceral contents of each ring within the

limits of the generative region, it will be best to proceed from behind

forwards. The dissector thus comes first upon the largest and most

prominent of all the generative masses. They are testes, as may be

proved by a microscopic examination of their contents. They have a

white, glittering, oily colour. In figure they are intestiniform, the coils,

of which there are two or three, being tied together by a kind of

mesentery and enclosed in a membranous capsule.

(590.) The second generative annulus in the order mentioned is ex-

clusively ovarian ; and it is not difficult to see that the mass and the

base of the ciliated tube run together, and become blended into one

structure. The most minute dissection fails to isolate the duct which,

it may be supposed, leads from the ovary. The ovary is considerably

smaller than the testes, its capsule is more dense and vascular, and

its interior structure is much more copiously supplied with blood.

(591.) In the common Earthworm the second, third, and fourth ge-

nerative segments are ovarian, each being anatomically only a repetition

of the other ; all are constructed upon the same plan.

* Phil. Tmn.s. 1858.
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(592.) The fifth segment, from beliind, is again testicular, exactly
resembling the first, so that the first and the last segments in this re-
gion are testicular, the three intermediate ones being ovarian.

(593.) The ovaria of Lumhricus are much more transient in their
duration than the testes ; the latter, in a certain condition, are always
present at eveiy season of the year, the former only in the summer
months. The ova, while yet in the ovaria, are beautifully clear trans-
parent cells. In August and September they seem to consist of nothing
but germinal vesicles

; afterwards appear the germinal spots, and then
the rudimentary vitellus. At a subsequent stage, just before their extru-
sion from the body, they become covered with a cocoon or characteristic
capsule, each capsule containing many ova. This capsule is a compound
of chalk and mucus. In the median line between the ovaria there are
situated two or more glandular bodies, the contents of which, under the
microscope, are found to consist of nothing but carbonate of lime-
doubtless the source of the chalk.

(594.) The eggs, when laid, are said by Duges to be two or three
lines in length. In fig. 170, a, one of them enclosing a mature em-
bryo, is deHneated; its top is seen to be closed by a peculiar valve-Hke
structure adapted to facUitate the escape of the worm, and opening
(fig. 170, b) to permit its egress. Another remarkable circumstance
observable in these eggs is that they very generaUy contain double
yelks, and consequently two germs, so that a couple of young ones are
produced from each.

(595.) It is beHeved by many that the Earthworm may be multiplied
by mechamcal section, the separated portions reproducing such parts as
are removed m the experiment, and again becoming perfect. Careful
experiments, made to ascertain how far the statements of former
authors upon this subject might be substantiated, prove that the assertion
18 not entirely without foundation, although by no means to the extent
indicated in their writings. It would, indeed, be easHy credited that
the removal of the hinder part of the body of an Earthworm would not
necessarily destroy the anterior portion, since no organs absolutely
essential to existence are removed by the operation, and even the course
of the ejaculating fluids would not be materiaUy internipted by themutilation

;
but that the hinder moiety should be able to reproduce hemouth, gizzard Und stomach, the complicated apparatus of moniliform

vessels, and the sexual organs, contained in the anterior segments
could scarcely be deemed possible; and the assertion has beersatis-'
factordy disproved by actual observation. On cutting an Earthworm intwo, the antenor portion is found generally to survive; and the woundcaused by the operation, becoming gradually constricted, is soon con-verged into an anal orifice, rendering tlie animal again complete in aUparts necessary for its existence. This, however, is by no means thecase with the posterior portion

; for, although it will exhibit for a v ly
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Fig. 170.

long period indications of vitality, no signs of reproduction have been

witnessed, and it invariably perishes.

(596.) Nevertheless, although it is thus

proved that the Earthworm cannot be

multiplied by mechanical division, it is

stated to be able to reproduce small por-

tions of its body, the removal of which

does not imphcate organs essential to life.

In the experiments of M. Duges, for

example, it was found that four, or even

eight of the anterior rings might be cut

off with impunity, although the cephalic

pair of ganglia, the mouth, and a part of

the oesophagus were necessarily taken

away. In worms thus mutilated, aftej:

the lapse of from ten to thirty days a

conical vascular protuberance was observed

to sprout from the bottom of the wound ;

and in eight or ten days later this new

part had become so far developed, that not

only all the lost rings were apparent, but

even the upper lip and mouth had assumed

their normal form, and the animal again

began to eat and bury itself in the earth.

(597.) The Little lively Naicles, although

in their terricolous habits like the Earthworm, are very dissimilar in

organization.

(598.) In Nais filiformis, so abundant in the freshwater pools of

this country, the anatomist is presented with a favourable opportunity

of resolving the problem of the circulation. A living specimen placed

between two slips of glass, from the perfect transparency of the integu-

ments, will exhibit to the eye in a perfect manner all the circulating

movements both of the vessels and of the blood. The large dorsal

vessel (fig. 171, a) is first seen travelling wavingly along the dorsum of

the intestine as far as the heart, which corresponds in situation with

the intestinal end of the oesophagus. This vessel is enveloped by the

glandular peritoneal layer of the intestine, while the coats of the ven-

tral vessel are clear and transparent : the dorsal vessel is endowed with

parietes of greater strength and density than the ventral. Each of these

vessels dilates into a fusiform heart (fig. 171, «', h'), situated on either

side of the oesophagus. These hearts, which are joined together by

transverse vessels, pulsate alternately and with exact regularity. In

the dorsal vessel the blood moves forwards from the tail as far as the

dorsal heart ; thence it descends into the ventral heart, by which it is

now propelled, chiefly in a backward direction, partly through the main

Eggs of the Earthworm.
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ventral trunk, and partly through the inferior intestinal. The other

portion of the blood conveyed by the great dorsal vessel into the ventral

heart (b') passes forwards as far as the head. At the oesophageal end
of the body, the two primary trunks, dorsal and ventral, are connected
together by means of a remarkable class of vessels (g, g, ry), which in this

region proceed at successive points from the dorsal. oesophageal, and
which may be traced in long coils, ivitJiout division of the vessel, floating

in the fluid of the peritoneal cavity. Posteriorly to the heart-centre
these vessels emanate from the dorsal intestinal, and correspond pre-
cisely with those branches from the same vessel which in Arenicola
piscatomm proceed to supply the branchial arbuscules (§ 626). In Nais,
therefore, partly from this analogy, but chiefly from their anatomical
relations, bathed by and floating in the chylaqueous contents of the
peritoneal cavity, the physiologist can experience no difiiculty in

Fig. 171.
assigning very definite uses to these coiled

vessels. Pirst, it cannot be doubted that they
absorb from this fluid the elements by which the

blood proper is formed and replenished
; and,

secondly, it is in the strongest degree probable
that the true blood is in great part aerated
through the agency of these vessels. They
constitute the special branchial system (internal

branchiee), while they discharge incidentally an
absorbent function.

(599.) The generative system of the Nais,
as delineated by Duges, presents a very dif-

ferent arrangement from that which exists in the
Earthworm. The swollen part of the body, in
which the sexual organs are placed, occupies a
space of five or six rings, beginning at the
eleventh. On each side of the eleventh seg-
ment is a minute transverse slit (fig. 172, h)
communicating with a sHghtly-flexuous cinal
which terminates in a transparent pyriform
pouch or vesicle. The latter contains a clear
fluid wherein minute vermiform bodies are
seen to float, and most probably represents the
testis. The twelfth segment likewise exhibits
two openings, each placed upon the centre of a
httle nipple (c) : these are the orifices leading to
the female portion of the sexual system. The ...... vv.u.ams

,

ovaria {d e) are composed of four large and several smaller masses ofa granular character; and from them proceed long and to uouso^ducts, winch just before their termination at the Leral op ning
(.), become thick and glandular. These animals most Hkely eoplfe

Plan of the circulation in
Nais. (After Dr. Williams.)
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Fig. 172.

like the Earthworm, and lay their eggs in a similar manner. We have

already seen, in the Lumhricus terrestris, ova

containing two yelks, and consequently

giving birth to two animals ; hut in the

Nais every egg produces ten or a dozen

young ones*; or perhaps we ought rather

to say that what appears to he a simple egg

is in fact merely a capsule enclosing several

distinct ova, from which a numerous progeny

arises. The manner in which these com-

pound eggs are formed is easily understood

when we consider the structure of the

oviduct described above. The granular

germs escape, no doubt, separately from

the ovaria, and remain distinct from each

other as they pass along the tortuous canal

that leads to the external opening ; but at

length, arriving at the thick and glandular

portion (c) of the ovigerous tube, several

of them become enclosed in a common

investment secreted by the walls of the

oviduct, and are expelled from the body

with the outward appearance of a sim-

ple egg.

(600.) DoKSiBEANCHiATA.—In the second

order of the Annelidans the respiratory

apparatus consists of numerous vascular

tufts, a pair of wliich are appended to the

outer surface of every ring of the body, or,

in some cases, only to a few of them. The

organs of locomotion, which are attached to

each segment, assume various forms, but are generaUy composed of

short moveable spines, or packets of retractile bristles, usuaUy destined

to perform the ofRce of oars. In the annexed figure (fig. 173, i), which

represents Laodicea antennata, the general form of these animals is well

seen as is the most usual arrangement of the branchial tufts and loco-

motiVe setce. In fig. 173, 2, showing an imaginary transverse section

of one of the segments, the relative positions of the oars (c, d, e) and of

the branchial appendages (h) are likewise indicated.

(601 ) But the organs of respiration in the Dorsibranchiate Anne-

lidans are not always arborescent ; on the contrary, they are not unfre-

quently spread out into thin membranous lamella, or resemble fleshy

crests or vascular tubercles. Still, whatever their form, their ofiice is the

same ;
and, the vessels spread over them presenting an extensive surface

* Diigos, Ann. des Sci. Nat. vol. xv.

Generative organs of Xfais.

(After Dugfes.)
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with, which the water is brought into contact, the blood is

as it passes through them.

(602.) The second class of

organs to be enumerated as

entering into the composition

of the lateral appendages are

soft, fleshy, and subarticulated

processes called cirri (fig.

173, 2, c, e) ; these are gene-

rally two in number, and

belong one to the ventral and

the other to the dorsal oar

:

their precise office is not well

understood ; but as in some

of the segments, especially in

theneighbourhood of the head,

they assume a tentacular form,

they have, with much proba-

bility, been regarded as in-

struments of touch.

(603.) The setm (fig. 173,

2, d) are, perhaps, the most

efficient agents in progression.

These are long and stitf hairs

disposed in bundles and im-

planted into strong muscular

sheaths. Each packet of

setae can be retracted within

the body to a certain extent,

and again protruded by the

action of the tubular supports

from which they arise ; and

being capable of independent

action, these organs must be

looked upon as so many pow-
erful fins, well calculated to

propel the creature through

the element it inhabits.

(604.) The structure of the

mouth in the Dorsibranchiate

Annelidans is very peculiar.

The first portion of the ali-

mentary canal (or stomach,

as it is erroneously called by
some writers) is muscular

;

Fig. 173.
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and certainly, when Been in a dead Annelid, it might easily be taken

for a digestive cavity. Nevertheless, during life, this part of the

alimentary apparatus is destined to a widely different office ; for it is

so constructed that, at the will
Fig. 174.

B

Mouth of Qoniada clavigera.

of the animal, it can be com-

pletely everted, turned inside

out; and when thus protruded

externally, it forms a very sin-

gular proboscis, used in seizing

food, and frequently armed with

powerful teeth of singular con-

struction. The following figure

(174, a), representing the head

of one of these worms {Goniada d,

chevrons, Milne-Edwards), will

give a good idea of this curious

organ when fully displayed ; and

in fig. 174, B, the mechanism is

exhibited by which its protrusion

and retraction are accomplished.

The whole apparatus is there

seen to consist of two muscular

cylinders, placed one within the

other, but continuous at their

upper margin (b)
;

or, to use a familiar illustration, the proboscis may

be compared to the finger of a glove

partially inverted. It is obvious that,

in this case, if the inner cylinder

be drawn inwards (that is, into the

mouth), the whole structure becomes

shortened, until at last it is entirely re-

tracted into the oral cavity; whereas,

on the contrary, if the outer tube is

made to protrude, it expands at the

expense of the inner one, which is

gradually drawn forwards. The in-

ternal surface of this remarkable

proboscis, moreover, is variously modi-

fied in its structure, so as to adapt it

to the prehension of different kinds

of prey. In AmpMnome, for instance,

the orifice of the mouth is a thick,

fleshy, and callous circle (fig. 179, h,

c, cl); and the surface of the exserted

proboscis (c, d) is covered with delicate transverse ruga), evidently so

Mouth oiPhi/lMuce l<iminoga.
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arranged as to give tenacity to its gripe. In Ooniada it supports two

distinct sets of horny teeth, provided for very different uses : one set,

which is exposed when the proboscis is unrolled to a very small extent,

consists of a series of linear horny ijlates (fig. 174, a, d), and probably

forms a kind of file, or rather a scra-

per, wherewith the animal excavates I^'g- 176.

the subterranean galleries in which it

lives. The other set does not make its

appearance till the proboscis is more

completely expanded, and is evidently

an Lnstniment of prehension, formed by

two horny hooks (fig. 174, b, a, b)

placed upon an elevated ridge near the

entrance of the oesophagus, so as to take

a secure hold of any victim seized by

this curious mouth.

(605.) In Fhyllodoce laminom the

teeth form a circle of semicartilaginous

beads encompassing the extremity of

the proboscis when that organ is pushed

out to its full length (fig. 175, h),—an

arrangement weU adapted to hold and,

perhaps, to crush their prey. jiouth of Nereis.

(606.) But the most formidable jaws

are met with in some of the Nereidiform species, as in Laodicea

antennata, of which a figure is given above (fig. 173). When the

proboscis of one of these creatures is shghtly everted, the extremities

of three pairs of strong homy plates emerge from the mouth : of these,

one pair terminates by forming a powerful hooked forceps, while the

Fig. 177.

• Jaws oi Laodicea antennata.

others present strong denticulated margins (fig. 177, a, a, h, c). The
nature of these teeth will be bettor seen by a ghinco at b in the same
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figure, where they are represented, upon an enlarged scale, as they
appear when detached from their connexions.

(607.) In Nereis (fig. 176) the proboscidian armature emulates in

strength and sharpness the jaws of the ant-lion, or of some of the more
formidably armed coleoptera, to which indeed it

bears a striking resemblance both in position and
structure; while in P/iyZZocZoce maxillosa (fig, 178)
the fangs of the tiger would seem to be conjoined

with the cutting teeth of the shark, presenting

such a model of carnivorous dentition as is per-

haps unrivalled in the animal creation.

(608.) The alimentary canal of the Dorsibran-

chiate Annelidans offers little which requires special

notice. It invariably passes in a direct line from

the termination of the proboscis to the anal ex-

tremity of the body. In the Nereidce it is provided

with numerous lateral pouches, somewhat resem-

bling those of the Leech. In Aphrodite these

lateral cseca are very long, slender, and branched

at their extremities, so that they have been thought

by some to be secreting organs, representing the

liver. In Arenicola we find, at the termination
P%^'«<^<«'« maxiUosa.

of the oesophagus (fig. 186, /), two large esecal appendages (e), of un-
known office, while the rest of the tube {6) is entirely covered with
minute saceuli, the walls of which are decidedly glandular and secrete

a fluid of a greenish-yeUow colour.

(609.) " In the majority of the Annelids," observes Dr. "Williams, "the

alimentary system constitutes a cylindrical tube, which bears a general

resemblance of outline to the integumentary—this latter forming, with

respect to the former, an exterior concentric or embracing cylinder.

These two cylinders are in no instance in agglutinated contact : a space

intervenes, varying in capacity in different species, to designate which

the term ' peritoneal,' or splanchnic, may be used with perfect propriety.

This space is occupied by a vital or organized fluid charged with cor-

puscles, which exhibit, under the microscope, characters distinctive of

species. Independently of its physiological uses, this chylaqueous fluid

enacts mechanical functions indispensable to the well-being of the

animal : on it, as upon a pivot, the vermicular motions of the intestinal

cylinder are performed."

(610.) Although, as a whole, forming a cylinder, in no instance does

the alimentary canal of the Annelida present the figure of a smooth-

walled tube. The parietes are invariably sacculated, and often super-

ficially multiplied in the most elaborate manner. In the Lumbriciform

species, each segment of the body has its own independent stomach.

Those of contiguous segments communicate through an opening con-
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siderably more contracted in diameter than that portion of the intes-

tine from which it leads. Thus the intestine of the Errant Annelids,

especially, may be compared to a line of pears, the apex of each suc-

cessive pear being applied to the base of its predecessor in the series :

if these bases were prolonged on each side, the form of stomach met

with in the Leech would be the result.

(611.) By watching small transparent Annelidans under the micro-

scope, the whole digestive process may be readily witnessed. Alimentary

substances are frequently conveyed into their mouth by the action of

vibratile cilia situated in the vicinity of the oral orifice. When a

sufScient quantity has thus accumulated, it rapidly passes into the in-

testine, always accompanied by, relatively speaking, a considerable

quantity of water. In this act of deglutition the ciKa lining the

oesophagus play an important part. Having arrived in the intestine,

the aliment passes from pouch to pouch of its different compartments,

remaining for a short time in each of them, forming little masses that

are kept in constant movement by the ciHa lining the intestinal walls,

and which gradually become quite disintegrated. Arrived in the an-

tepenultimate segment, the alimentary particles are detained there for

some time, always being kept in movement by ciliary action until their

final expulsion. No traces are visible either of chyliferous or lymphatic
vessels ; these two systems are evidently represented by the general

perivisceral cavity, which is the recipient of whatever products of di-

gestion are not taken up by the veins ramifying upon the intestine.

The nutrition of the animal, indeed, frequently devolves entirely upon
the chylaqueous fluid ; and it always performs a very considerable
part in the development of the generative products, whether ova or
spermatozoa.

(612.) The course of the principal trunks of the circulating system
in the Dorsibranchiata bears a general resemblance to what we have
already seen in the Abranchiate order, modified, of course, by the
variable position of the branchial tufts. The annexed figure (179) of
an elaborate dissection of an Amphinome (A. capillata), copied from
one of the beautiful drawings contained in the Hunterian Collection*,
affords an example of a circulating system in which the propulsion of
the blood is effected entirely by vessels, without the intervention of any
muscular cavities or heart. In this animal the respiratory organs are
penniform appendages placed along the back; and these external
vascular tufts communicate with delicate plexuses of vessels, situated
in the interior of the body, caUed the branchial plexuses. In the
figure the branchial plexuses of the left side only are represented

(S'j ?) ;
and of these, one, marked j', has been turned aside. The blood

and nutritious fluids derived from the whole alimentary track are col-

* Descriptive and Illustrated Catalogue of the Physiological Series of Compara
tiTe Anatomy in the Mus. Eoy. Coll. Surg, of England, vol ii. pi. 14.
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lected by the large

ventral intestinal

vein {n n n) and

conveyed to the

branch-ial plexuses

through the nume-

rous vessels (0,0,0),

some of which (0',

0', 0') are displaced

in the drawing in

'order that their

connexions may be

better seen. Be-

sides the blood and

nutriment thus de-

rived from the in-

testine, the bran-

chial plexuses re-

ceive the circu-

lating fluid from

all the segments of

the muscular en-

velope by separate

veins (j?, p) ; and

thus the blood

from all parts is

brought to the

respiratory appa-

ratus and exposed

to the influence of

oxygen.

(613.) After un-

dergoing respira-

tion, the blood is

collected from the

branchial plexuses

by the lateral veins

(r, r, r),from which,

through commu-

nicating vessels

(.s-, s, s), it passes

into the aorta or

great dorsal vessel

(^ / t) to be dis-

-Fig. 179.

Cii'oulatory system of Atnphinome capilMa.

tributcd through the body. From the aorta large trunks {v, >') aro
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given off to form the intestinal artery (lu iv), which, ramifying over

the intestine, communicates with the

intestinal vein (n n) and thus completes

the vascular circle*.

(614.) In Eunice sangumea the cir-

culatory apparatus consists of a short

but capacious dorsal vessel (fig. 180, V),

which rests upon the pharyngeal portion

of the digestive tube, without, however,

being adherent thereunto, and commu-

nicates posteriorly with a vascular circle

that surrounds the stomach and receives

the blood from the intestinal parietes

through two longitudinal trunks (fig.

180, Z) situated upon the dorsal aspect

of the alimentary tube.

(615.) In its course towards the head,

the single dorsal vessel (Z'), which is a

continuation of the intestinal veins (Z),

receives several branches, some derived

from the digestive canal, others pro-

ceeding from the muscles and integu-

ments of the neighbouring part of the

back. These last-named branches com-

municate with a slender cutaneous me-

dio-dorsal vessel that runs along the

entire length of the body and receives

from each segment numerous cutaneous

ramusculi {x). Lastly, the dorsal vessel

gives off from its anterior extremity

various branches to the cephalic segments,

as well as others which are directed out-

wards.

(616.) The ventral vessel (fig. 180, ^')

gives origin, opposite each segment, to a

pair of lateral branches ; but the confor-

mation of these branches, as well as the

functions to which they are destined, are

very different. Immediately after its

origin, each lateral branch becomes considerably dilated and bends back

* The parts indicated in the drawing by letters not referred to in the text are the

following :

—

a a, the ventral surface oi' the segments of the body ; c, c, the ventral oars,

or packets of bristles ; /, /*, the ventral cirri, or feelers
; g, the anal cirri

;
h, the anus

;

i i, Jc k, the bases of tlio dorsal and ventral oars, with their surrounding muscles

;

I, I, the dorsal longitudinal muscular bands
;
m, m, the ventral longitudinal muscular

bands.

Circulatory and respiratory appara-

tus of Eunice saiiguinea: a, b, c, the

antennae ; e, the first segment of the

body ; J", lateral appendages, or rudi-

mentary feet; g, pharynx ; g', mandi-
bular muscles; t, intestine; Z', vessel

performing the functions of an aortic

or systemic heart ; I, superior intesti-

nal vessels; «, their lateral branches
(or branchial veins) ; q', ventral vessel

;

f, its lateral branches ; contractile

ampuUoe, performing the functions of
branchial hearts ; », Ijranchice ; x, sub-

cutaneous vessels of the back. (After
Milne-Edwards

.

)
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suddenly upon itself, so as to resemble, when superficially examined an
OYOid vesicle, or ampulla

; it then runs outwards, furnishing an ascend-
ing branch to the alimentary canal, and on arriving at the base of the
feet, or locomotive appendages, gives off several smaU anastomosing
branches, forming a sort of vascular network, whence vessels are supplied
to the corresponding branchial filaments.

(617.) The blood, after being subjected to the influence of oxygen in
the branchial appendages, is returned by other transverse vessels which
run along the interannular septa to the aHmentary canal, where they
ultimately discharge themselves into the large median trunks (I) situ-
ated upon the dorsal aspect of the intestine*

(618.) A general survey of the circulation in Mtnice will suffice to
satisfy the physiologist that no part of the system contains pure arterial,
and no part pure venous blood. Into the double dorsal tnink arterial
blood is poured from the branchiae ; but to the same trunk the intestinal
branches contribute venous blood : the mingling of these two classes of
currents in the same trunk must result in blood of an intermediate
quality. It is, then, manifest that the great subneural trunk, which in
this worm is both systemic and branchial, must distribute blood of com-
position intermediate between venous and arterial. No part of the
circulatory apparatus, therefore, contains pure arterial blood, except the
efferent branches of the branchise.

(619.) In some of these Annelidans we stiU find that gemmation
performs a very important part in the reproductive process. The mul-
tiplication of the individual segments of the body depends entirely

upon this mode of increase ; but this is not all : it not unfrequently
happens that when these animals have attained their full growth, a
constriction becomes apparent near the posterior extremity, immediately
behind which a proboscis and eyes are developed, forming the head
of a new animal subsequently to become separated by spontaneous

fission (figs. 181 & 182) ; and even as many as six of these strangely

formed offsets have been counted by Milne-Edwards in continuity with

* Tho following axioms may be laid down relative to the circulation of the

blood :

—

Ist. In all Annelids, the blood flows in the great dorsal trunk from the tail towards
the head.

2nd. In all Annelids, the blood flows in the great ventral trunk from tlie head
towards the tail.

3rd. In the whole integumentary system of vessels, the blood moves from the great

ventral towards the great dorsal trunk : this movement constitutes the annidar or

transverse circulation. The main current of the blood in the ventral trunk pursues

a longitudinal course until exhausted by successive lateral deviations.

4th. In Annelids the intestinal system of vessels consists of four longitudinal

trunks :—one dorsal, which may be called dorso-intestinal ; one ventral, which may
be distinguished as the subintestinal ; and two lateral. Tliose several trunks are

joined together by circularly disposed branches connected by a dense capillai-y

system.
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Fig. 181.

each other*. The process of division as it occurs in GirrJiatula is

represented in fig. 181 : the hinder part of the worm, inchiding about

seventeen segments, is seen to be gradu-

ally separated from the anterior or larger

portion ; and moreover, at the point of

separation, a new head, with eyes and

tentacular cirri, is distinctly formed.

" In one case," says MiiUer, " I found a

mother to which three foetuses of dif-

ferent ages adhered in one length. The

mother had thirty pedate segments : the

youngest daughter, or that nearest the

mother, had eleven ; but the head was
not yet developed. The most remote

had seventeen rings, with both head and

eyes, and, moreover, the tail of the mo-
ther ; the middle one had seventeen seg-

ments and a head."

(620.) Similar phenomena present

themselves during the development of

other Annelidans. In the J^ais, for ex-

ample, as represented in the subjoined

figure (fig. 182), four individuals have

been observed organically connected with

each other, the posterior three of which

(6, c, d) have evidently been derived from
the hinder part of the original worm (a).

The posterior of these is fully formed,

and even the proboscis and eyes are as perfect as those of the parent

animal ; but the two intermediate offsprouts (c and d) are as yet in a

Fig. 182.

Gemmiparous reproduction of

Cirrhatula,

Pissiparous reproduction oiNais.

very incomplete condition, that nearest the parent being evidently the
youngest and last formed.

(621.) This mode of reproduction has long been known under the name
oifissiparous generation, or simply fissiparity. In most cases the fission

* The phenomena of fissiparous generation in these Annelidans will be better un-
derstood by reference to Mr. Newport's important discoveries relative to the growth
of the Myriopoda.— Vide^^os^, § 732.
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takes place without any apparent preparation,

and each portion reproduces the parts abstracted

by a process resembling the budding of a plant.

During a succession of several generations, the

individuals produced in this manner may be
called neuters, inasmuch as they have no sexual

apparatus; but in the last-formed offsprout

sexuality again shows itself, and the species is

once more propagated by eggs. Thus, in the

case represented in fig. 181, the original ani-

mal buds forth a new animal from between the

last and the penultimate segments of its body;

it is, however, only the animal last formed
that is provided with sexual organs ; that from
which it originated remains asexual,—as

though the egg of a butterfly gave birth to a

single caterpillar which, by spontaneous di-

vision, produced other caterpillars as unfertile

as itself, untU the individual last budded forth,

instead of being a barren larva, became deve-

loped into a sexual and fruitful butterfly.

(622.) In the Lug-worm, Arcnicola pisccito-

rum, (fig. 183), met with abundantly upon our

own coasts, and eargerly sought after as a bait

by fishermen, who dig it from the holes that it

excavates in the sand, the branchiae (b) are

confined to the central portion of the body,

where they form on each side a series of bunches,

remarkable during the life of the creature for

their beautiful red colour, derived from the

crimson blood that circulates copiously through

them.

(623.) Respiration is performed in Arenicola

by means of tufts of blood-vessels, projecting,

in the adult worm (fig. 183, h), one-fourth of

an inch from the surface of the body. "When

fuUy injected with blood, the vessels of each

branchia form a single flattened plane, which

rises obliquely immediately behind each brush

of setse. In the adult animal each gill is

composed of from twelve to sixteen zigzag

branches arising from a single trunk that

proceeds from the great dorsal vessel, the

secodary branches projecting from the sa-

lient point or the outside of each angle of

Fig. 183."

Arciiieoln i)i8cntoniin.
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the zigzags, and the tertiary from similar points on the secondary

branches. This mode of division, occurring in the primary and in all

the smaller branches, results in a plexus of vessels of great beauty of

pattern or design. Each branchial tuft and each individual vessel

possesses an independent power of contraction : in the contracted state

the tuft almost disappears, so completely is the emptying of the vessels

effected. This contraction or systole in any given tuft occurs at frequent

but irregular intervals : it does not take place simultaneously in all the

branchiae, but at different periods in different tufts. The vessels have

the appearance of being quite naked ; and if examined in the living

state, each ramuscule seems to consist of only a single trunklet : if this

were really the case, it would of course resolve itself into a tube ending

in a cul-de-sac, and the blood-movement would be a flux and reflux

;

but by injection it is easy to show that the finest division of the branchial

arbuscule contains a double vessel enveloped in a common muscular

(although extremely diaphanous) sheath. That these vascular sheaths,

which are only fine productions of the integuments, are furnished with

voluntary muscular fibres, is proved by the rapid and simultaneous re-

traction of all the branchiae into the interior of the body which follows

when the animal is touched. In Arenicola, as in all Annelida in which

the vessels of these organs are naked, the branchiae are destitute of

vibratUe cilia.

(624.) In all the dorsibranchiate worms furnished with branchiae

such as those described above, the true blood, circulating in its proper

vessels, is found to be exclu-

sively the seat and subject of

the respiratory process; the

fluid in the peritoneal cavity,

abundant in quantity and

highly organized though it

be, does not in the least de-

gree participate in this great

function. The Dorsibranchi-

ate Annelids, however, maybe
divided into two great groups,

of which one wiU compre-

hend those genera in which

the function of breathing de-

volves exclusively on the true

blood, while the other wiU. be

characterized by the fact that

the branchiae are constructed so as to permit more or less completely the

exposure, in conjunction with the blood proper, of the chylaqueous fluid

of the visceral cavity to the influence of the surrounding aerating ele-

ment. Thus, when the branchial apparatus is penetrated by these two

Fig. 184.
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Fig. 185.

separate and distinct fluids (coordinate probably in organic properties) the
vascnlar system of the body generally wiU be found the less developedm proportion as the peritoneal fluid supplants the blood in the branchiae'
In those races of Dorsibranchiate worms possessing both these kinds of
circulation, naked unciHated blood-vessels no longer form exclusively
the branchial organs

; loose and large-ceUed tissue (fig. 184 « a) is
superadded to the proper blood-vessels, which are far less in relative
size than those in the former variety of branchise; into the ceUs of
this tissue the fluid of the visceral cavity insinuates itself, its course
being marked by a slow motion. There exists, however, another point of
structural difference between the
branchial organs of this group and
those of the former, viz. that

wherever the fluid of the peritoneal

cavity is admitted into the interior

of the branchial organs, the latter

are invariably supplied more or less

profusely with vibratile cilia.

(625.) In the branchial structure

of worms thus constituted, the

branchial appendages are found,

instead of being composed of naked
vessels, to present the appearance

of round or laminated organs, into

which the fluid of the visceral ca-

vity freely penetrates.

(626.) The blood-system is more
concentrated in Arenicola than in

any known Annelid. A large dor-

sal trunk (fig. 185, a; fig. 186, i),

at the anterior three-fourths of

the body receiving exclusively the

efferent vessels of the branchiae,

proceeds forwards from the tail

and empties itseK into the cardiac

cavities, of which one is situated

on either side of the oesophagus

(fig. 185, b b'
;

fig. 186, b b). An-
other vessel, proceeding from the

head towards the heart, empties

itself into the same cavity with the former. The blood then enters a

second cavity (fig. 185, c' c'), more ventrally situated, by which it is

partly propelled forwards into the suboesophageal trunk, but princi-

pally backwards into the great longitudinal trunks of the alimentary
canal. The blood returning from the intestinal system of vessels reaches

Plan of the circulation in Arenicola-

(After Dr. Williams.)
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Fig. 186.

<5d

the dorsal intestinal (g) (lying in the median line underneath the dorsal

trunk), from which the current diverges

laterally at right angles into the branchiae

(/'/')• This conformation differs from

thatprevalent in all other Dorsibranchiate

Annelidans, in which the great ventral

trunk is the source of the branchial ar-

teries. But the typical plan of the cir-

culation is observed in the system of

Arenicola at the posterior half of the

branchial division of the body, where

the afferent vessels of the branchia3

emanate from the ventral trunk.

(627.) Rathke and Grube have argued

that Arenicola is androgynous. De
Quatrefages, however, from his know-
ledge of the development of the sper-

matic particles, has long recognized the

existence of separate sexes*; and, long

before this, Stannius had concluded that

the sexes were separate, from the fact

that in different individuals the contents

of the general cavity of the body were

different f. Stannius also observes that

the sperm-cells leave the testes before the

formation of the spermatozoa, which are

found only in the perivisceral fluid.

Krohn, Frey, and Leuckart assert that

the ova and spermatozoa are developed

free in the general cavity of the body.

(628.) According to the researches of

M, Quatrefages, in Nereis and Eunice the

ova and the spermatozoids are produced

in a glandular organ which extends be-
neath the ventral chain of ganglia. In
Nereis M. Quatrefages has seen in this

organ ova in process of development
while the general cavity of the body of

the same animal contained ova ripe for

exclusion.

(629.) In Terehella and Arenicola the

reproductive organs areglandular pouches
Circulation in Arenicola.

disposed in pairs in the anterior part of the worm. In Terehella these
pairs are as numerous as the thoracic segments ; but in Arenicola their

» Comptes Rcndus, xvi. 1843. f MuUer's Archiv, 1840.

m
m
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number only amounts to six ; in both these worms ova and 8i)ermatozoa
existed in their earliest stage of development.

(630.) In Clymene the reproductive apparatus is thought by M. Qua-
trefages to be represented by pouches of a blackish colour, which he
found to the number of six pairs placed between the seventh and twelfth

segments of the body.

(631.) In Dujardinia the generative organs consist oi two pairs of

elongated pouches situated on the sides of the intestine and opening into

the rectum by a common orifice. A similar disposition is described and
figured by Claparede ; but in the species observed there were but two
pouches, communicating with the rectum by as many distinct orifices.

Lastly, there are some Annelidans in which no distinct generative organs

are discoverable. In a specimen of Orubea M. Quatrefages was uuable

to find them, although it contained eggs, which he studied in detail.

(632.) In Hermella M. Quatrefages believes the ovary to be represented

by a very delicate areolar tissue in which ova are found in a very young
state

;
indeed, when observed in this situation, they are mere homoge-

neous spherules. Dr. Williams repeatedly affirms that, except in Tere-

hella and Arenicola, the eggs are never free in the general cavity of the

body, but that they are always imprisoned in the areolar network above

described. M. Quatrefages, however, assures us that in Hermella,

Nereis, and Eunice the eggs on approaching maturity become disengaged

from its meshes ; in the specimens examined by him immense numbers,

either of eggs or of sperm atozoids, always escaped with the perivisceral

fluid as soon as it was let out.

(633.) The next question is how the ova thus matiu-ed are discharged

from the parent worm. The observations of M. Quatrefages assure us

that in Hermella the ova and the zoosperms are expelled through very

small pores arranged in pairs on the posterior part of each ring between

the bases of the branchias and the median line of the back. They are

often expelled with so much force as to form very distinct tracks, the

direction of which is from behind forwards, and which by blending

together sometimes envelope the head of the worm in a whitish or

violet-coloured cloud, according as the animal is male or female.

In a vigorous male specimen, M. Quatrefages saw this kind of eja-

culation kept up for about half an hour, at the end of which time its

body had become quite flaccid and the brilliancy of its colours much di-

minished. In Aphrodite Mspida the seminal fluid was seen to issue in

the form of a white filament from the base of the inferior oar, on one

side of the nineteenth segment ; and a similar mode of escape probably

occurs in the Sigalions, the Nereids, and the Eunices.

(634.) The young of the Dorsibranchiate Annelidans undergo a re-

markable metamorphosis previously to assuming their adult appearance.

On leaving the egg they resemble disk-shaped Infusoria, which swim

rapidly through the water by means of rows of vibratile cilia, the prin-
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cipal row being situated upon a projecting ring encircling the margin of

tho disk. This ciliated body soon reveals itself as possessing a mouth
and an excretory orifice ; and tho course of tho ahmentary canal, which
extends from ono to the other of these apertures, may be traced by
making the little animal swallow indigo introduced into the water
wherein it swims. A conical prominence soon makes its appearance,

arising from one side of the disk, which soon becomes divided into seg-

ments. Coincident with this elongation and segmentation of the body,
the head becomes developed from the discoid surface, upon which minute
black ocelli and the rudiments of antenniform organs make their appear-
ance. The length of the body and the number of segments continue to in-

crease, the diskwith its vibrating cilia still existing, until at length the disk

is reduced to a mere appendage to each side of the head, and ultimately
disappears as the tubular and setigerous feet begin to show themselves.

(635.) The Ai-HKoniTAOEiE, or Sea-mice, are remarkable for the long
hairy tufts with which their pedal appendages are generally furnished
(fig. 187). Nothing can exceed the splendour of the colours that orna-
ment some of these fasciculi of hairs

; they yield, indeed, in no respect
to the most gorgeous tints of

tropical birds, or to the bril- Fig. 187.

liant decorations of insects:

green, yeUow, and orange

—

blue, purple, and scarlet—aU
the hues of Iris play upon them
with the changing light, and
shine with a metallic efful-

gence only comparable to that

which adorns the breast of

the humming-bird. But it is

not for their dazzling beauty

merely that these setae are re-

markable
; they are not un-

frequently important weapons
of defence, and exhibit a com-
plexity of structure far be-

yond any thing to be met .with

in the hair of higher animals.

In the Ajjhrodite acideata, for

example (fig. 187, a), they arc

perfect harpoons, the point

of each being provided with a

double series of strong barl)s

(fig. 187, n); so that when the creature erects its bristles—much more
formidable than those of the PorciUnne—the most determined enemy
would scarcely venture to attack it.

Aphrodite aeuU^attu
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(636.) But here wo cannot help observing an additional provision,

rendered necessary by the construction of these lance-like spines. The
bundles of sette are all retractile, and can be drawn into the body by the

muscular tube from which they spring. It would be superfluous to

point out to the reader the danger which would accrue to the animal itself

by the presence of such instruments imbedded in its own flesh, as by
every movement of the body they would be inextricably forced into the

surrounding tissues. The contrivance to obviate such an accident is as

beautiful as it is simple. Every barbed spine is furnished with a smooth
horny sheath (fig. 187, c, a, h), composed of two blades, between which
it is lodged ; and these, closing upon the barbs when they are drawn

inwards, effectually protect the neighbouring soft parts from laceration.

(637.) In the Aplirodite we have

an additional appendage developed

from the upper part of each lateral

oar, in the shape of a broad membra-
nous scale, which, arching inwards

over the back (fig. 188, c), forms with

its fellows a series of imbricated

plates, or elytra, as they are techni-

nically named (fig. 187, a). Each of

the elytral scales is formed by a dou-

ble membrane, between the laminae

of which at certain seasons the eggs

are found deposited,—a situation evi-
^^g^yent oi Aphrodite.

dently adapted to ensure the exposure of the ova to the influence of the

surrounding element, and thus to provide for the respiration of the

embryo.

(638.) The Aphroditaceae constitute a group of Annelids to which

the term " dorsibranchiate " by no means correctly applies, inasmuch as

in the majority of species embraced in this order no branchial append-

ages exist, either on the dorsum or any other part of the body. Eespi-

ration is performed on a novel principle, of which no illustration occurs

in any other family of worms. In aU the Aphroditacese the blood-

system is in abeyance, while that of the chylaqueous fluid is ex-

aggerated. Although less charged with organic elements than that of

other orders, the fluid of the peritoneal cavity in this family appears to

be the exclusive medium through which oxygen is absorbed. In

Aphrodite aculeata (fig. 187, a) the tale of the real uses of the elytra or

scales is plainly told. Supplied with a complex apparatus of muscles,

they exhibit periodical movements of elevation and depression. Over-

spread by a coating of felt, readily permeable to the water, the space

beneath the scales during their elevation becomes fiUed with a large

volume oi filtered water, which during the descent of the scales is

forcibly emitted at the posterior end of the body. It is important to



APHRODITE. 275

remark that the current thus established laves only the exterior of the

dorsal region of the body. It nowhere enters the internal cavities

;

the latter are eveiywherc shut out by a membranous partition from
that spacious exterior enclosure bounded above by the felt and elytra.

The complex and labyrinthic appendages of the appendiculated stomach
lie floating in this fluid and in the chambers which divide the roots of

the feet. From this relation of contact between the peritoneal fluid

and the digestive coeca, which are always filled by a dark-green chyle,

it is impossible to resist the conclusion that the contained fluid is really

a reservoir wherein the oxygen of the external respiratory current
becomes accumulated. From the peritoneal fluid the aerating element
extends in the direction of the cseca, and imparts to their contents a
higher degree of organization. These contents, thus prepared by a
sojourn in the cseca of the stomach, become the direct pabulum for

replenishing the true blood, which is distributed in vessels over the
parietes of these chylous repositories by an arrangement stiikingly

analogous to what we have already seen in the Asterid^ amongst
Echinoderms.

(639.) In order to arrive at a correct knowledge of the reproductive
system of this Annelid, specimens of both sexes should be examined in
the spring, and again in the autumn. A good example of a female
Aphroditehemg obtained, the dissection should be thus proceeded with

:

—Pin the animal down to the trough with its back upwards. Open it

by a longitudinal incision extending from the tail to the head. The in-
cision should cut through the scales, felt, and integuments, in order to
lay open the spacious perigastric chamber. The integuments should

j

now be carefuUy stretched, and pinned down to the sides, so as to expose
the interior. Let the dissection be then gently floated in salt water,
and the parts will present the appearance here described. A network
of minute tubes or threads will be seen to twine round and embrace the
diverticula of the alimentary canal.

(640.) The entire ahmentary system must next be taken away, and
with it necessarily a considerable portion of the reproductive network.
A view wiU thus be obtained of the attached ends or roots of the
branched segmental organs. These roots will bo found to equal the ali-
mentary cseca in number, and therefore that of the feet which are situated
posteriorly to the proboscidiform oesophagus. They appear under the
character of pynformtubuli, commencing or ending in a single external
orifice. Internally they are lined with cHiated epithelium, the cilia
"being large, dense, and acting with great force and vigour. The current
raised by these cilia sets up on one side and down on the other. The
* iliated epitheUum ceases at the point where the primary branches
clivide. AU the rest of the organ is unciliated, and fiUed with the re-
productive products. This portion is elaborately branched, the branches
twining round the cUverticula of the stomach. No microscopic object

T 2
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Fig. 189.

cau be more beautiful than a portion of this tubular network. The

individual tubes are bridled on one side and glandular on the other.

A similar structure is exhibited by the male tubes *.

(641.) Ttjbicola.—The two preceding orders of Annelidans are

erratic ; but in the third we find creatures inhabiting a fixed and per-

manent residence that encloses and defends them. This is generally an

elongated tube, varying in texture in difierent species. Sometimes it

is formed by agglutinating foreign substances, such as grains of sand,

small shells, or fragments

of various materials, by

means of a secretion that

exudes from the surface

of the body and hardens

into a tough membranous

substance ; such is the

case of Terehella Medusa

(fig. 190). In other cases,

as in the Serpula contor-

tuplicata (fig. 189), the

tube is homogeneous in

its texture, formed of

calcareous matter resem-

bling the shells of certain

bivalve mollusca, and ap-

parently secreted in a

similar manner. These

tubes are generally found

incrusting the surface of

stones or other bodies that

have been immersed for

any length of time at the

bottom of the sea : they are closed at one end ; and from the op-

posite extremity the head of the worm is occasionally protruded in

search of nourishment. It must be evident that, in animals thus en-

cased, the character of the respiratory apparatus must be considerably

modified t; instead, therefore, of the numerous branchiae appended to

* Dr. Williams, Phil. Trans. 1858, p. 134.

t M. de Quatrefages gives the following risumd of the various modifications met

with in the respiratory apparatus of the Annelidans :

—

"
1. Respiration general and entirely cutaneous {Lumbriconereis).

" 2. Respiration cutaneous, but confined to certain segments {Chatopfcrus).^

" 3. Respiration cutaneous, but confined to certain points oP eacli segment {Nereis).

" 4. Respiratory organs taking the form of a simple ca;cum or bladder ( C?/yc«-fl).

" 6. The branchice characterized more and more by the formation of a canal in

connexion with larger or smaller lacunas.

" 0. These branchirc may bo distributed all along the body {Euime sangtmua).

Serpula contortuplicata.
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the segments of the body which we have found in the Dorsibranchiate

order, the respiratory tufts are all attached to the anterior extremity of

the creature, where they form most elegant arborescent appendages,

generally tinted with brilliant colours, and exhibiting, when expanded,

a spectacle of great beauty. In some species, as in that represented in

fig. 189, there is a remarkable provision made for closing the entrance

of the tube when the animal retires within its cavity. On each side of

the mouth is a fleshy filament resembling a tentacle ; but one of these

(sometimes the right and sometimes the left) is found to be considerably

prolonged, and expanded into a funnel-shaped operculum that accurately

fits the orifice of the shell, and thus forms a kind of door, well adapted

to prevent intrusion or annoyance from external enemies.

(642.) The curious habitation of the Terebella Medusa is constructed by

cementing together minute shells and other small bodies (fig. 190). In

neither case is there any muscular connexion between the worm and its

abode; so that the creature can be readily drawn out from its residence

in order to examine the external appendages belonging to the individual

segments of its body. When thus displayed (fig. 191), the modifications

conspicuous in the structure of the lateral oars are at once seen to be in

relation with their circumscribed movements, and offer a wide contrast

to the largely developed spines, sette, and tentacular cirri met with in

the Dorsibranchiata. In the upper part of the body, rudimentary pro-

tractile bunches of hairs are still discernible, but so feebly developed

that their use must evidently be restricted to the performance of those

motions by which the protrusion of the head is effected ; while upon the

posterior segments even these are obliterated, the only organs attached

to the rings being minute foot-like processes adapted to the same ofiice.

" 7. They may be confined to a certain number of segments placed towards the

middle of the body {Arenicola, HerTnella).

" 8. They may all be placed at the extremity of the body, so as to form a double

tuft."

" The breathing is accomplished," says Dr. Williams, " in every species, the Earth-

worm not excepted, in strict conformity with the aquatic principle. Noknown Anne-
lid respires on the atmospheric model. In every Annelid the blood, though Tariable

in colour, is non-corpusculated. The converse is true of the chylaqueous fluid, which
in every instance abounds in regularly and determinately organized floating cells."

" In the Annelida the function of respiration is discharged under two remarkably
distinct conditions. Under the first, the chylaqueous fluid alone is submitted to this

process ; under the second, the blood proper fulfils the office. The mechanical
organs subservient to this function under the former are constructed on a plan dia-

metrically different from that of those provided under the latter circumstances. In
the Annelid, the true blood and chylaqueous fluid, though coexistent in the same
organism, constitute two perfectly distinct and independent fluid-systems. There is

between them no direct communication of any sort
;
they are, physically, very dissi-

milar fluids. An order of branchial organs must therefore be recognized, in which,

in equal or unequal proportions, the chylaqueous fluid and the blood proper, either

in the same or in distinct appendages, participate in the process of respiration."

Ann. ^ Mag. Nnt. Hht. 1853, vol. xii. p. .393.
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The tentacular cirri, which were likewise distributed along the entire

length of the Dorsibranchiate order, are here transferred to the head,
where they form long and delicate instruments of touch, and, most
probably, assist materially in distinguishing and seizing prey. The
branchise, likewise, are no longer met with upon the segments enclosed

within the tegumentary tube, but are placed only in the immediate
vicinity of the neck, where they form fanlike expansions, or ramified

tufts, so arranged as to be most freely exposed to the surrounding
medium. The mouth, placed at the origin of the tentacular cirri, is a

simple orifice closed with a valve-like flap or upper lip, but is unpro-

vided with any dental structure. The alimentary canal is generally a

simple and somewhat capacious tube that traverses the axis of the

body ; in some species, as in Sabella pavonina, it seems to assume a

spiral course, in consequence of the obliquity of the constrictions : the

anal orifice is always terminal.

(643.) The branchial organs, in the genus TerebeUa*, appear under

the form of blood-red tufts, proceeding from three separate root-vessels

on either side of the occiput. These divide for the most part dichoto-

tomously, forming an arborescent bunch of florid blood-vessels ; each

ramusculus is enclosed in a delicate cuticular envelope perfectly destitute

of cilia, and, moreover, is double—that is, composed of an afi'erent and an

efferent vessel. Although extremely transparent and attenuated, the

cuticular structure embracing these branchial blood-vessels must include

some contractile fibres, since each separate ramusculus may be emptied

and rendered bloodless by the compression of the parietes, a provision

which frequently exists in many parts of the circulating system of the

Annelida.

(644.) The cephalic tentacles of the TerebeUse present a problem

interesting alike to the physiologist and the mechanician. Prom their

extreme length and vast number, they expose an extensive aggregate

surface to the action of the surrounding medium. They consist, in

Terebella nebulosa, of hollow, flattened, tubular filaments, furnished with

strong muscular parietes. Each of these hollow band-Hke tentacula

may be rolled longitudinally into a cylindrical form, so as to enclose a

hollow semicircular space if the two edges of the band meet, or a semi-

cylindrical space if they only imperfectly meet. This inimitable mecha-

nism enables each filament to take up and firmly grasp, at any point of

its length, a molecule of sand, or, if placed in a linear series, a roiv of

molecules. But so perfect is the disposition of the muscular fibres at

the extreme end of each filament, that it is gifted with the twofold

power of acting on the suclcing and on the muscular principle. When

the tentacle is about to seize an object, the extremity is drawn in, in

consequence of the sudden reflux of fluid in the hollow interior; by this

movement a cup-shaped cavity is formed, in which the object is securely

* Dr. Williams, loc. cit. p. 194.
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held by atmospheric pressure : this power, however, is immediatelj-

aided by the contraction of the circular muscular fibres. Such are tlie

marvellous instruments by which these peaceful worms construct their

habitations, and probably sweep their vicinity for food.

(645.) The inferior aspect of each of these tentacles is profusely

clothed with cilia ; and this side is thinner than the dorsal. The peri-

toneal fluid, which is so richly corpusculated and which freely enters the

hollow axes of all these tentacles, is thus brought into contact with the

surrounding water.

(646.) In addition to the two important uses already assigned to the

tentacles in the Terebellse, they con-
-pj^

stitute also the real agents of loco-

motion. They are fijst outstretched

by the forcible ejection into them of

the peritoneal fluid, a process which

is accomplished by the undulatory

contraction of the body from behind

forwards
;
they are then fixed like

so many slender cables to a distant

surface ; and then, shortening in

their lengths, they haul forwards the

otherwise helpless worm.

(647.) In the Terebella3, in con-

sequence of the concentration of the

tentacles and branchiae around the

head, the blood-system at this extre-

mity of the body discovers a great

increase of development. The peri-

toneal fluid in this genus is very

voluminous and densely corpuscu-

lated; the system of the blood

proper is, notwithstanding, elaborate and full-formed. The chamber

of the peritoneum is one undivided space,—the segmental partitions of

the Earthworm and the Leech being here replaced by limited bands

proceeding from the intestine to the integument, tying together these

two cylinders—so, however, as to permit one to move within the other

with remarkable freedom.

(648.) The great dorsal vessel in Terebella nebulosa is limited to the

anterior of the body (fig. 193, a). It emanates chiefly from a large

(jircular vessel (6) embracing the oesophagus, and which receives all the

blood from the intestinal system. In this species, therefore, the primary

and intestinal dorsal trunks over the whole intestinal region arc united,

or the former vessel is superseded by the latter.

(649.) On the dorsal view of the oesophagus, a large, pulsatile, fusi-

form vessel (a) is displayed on the first laying open of the integument in

Vascular system of Terebella,
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Fig. 193.

a longitudinal direction. Slightly attached to the structure on which

it rests, it appears as if suspended in the fluid of the peritoneal cavity.

Advancing to the occipital ring, it breaks out into six branches (d), of

which three proceed to the branchiaj of each side,

while the reduced continuation of the original

trunk furnishes minute ramuscules to the tentacles,

in the hollow axes of each of which an afferent

and efferent vessel is contained, surrounded by
the peritoneal fluid, which penetrates to the re-

motest ends of these exquisite organs. Both from

the tentacles and branchise the blood now returns

into the great ventral trunk (c), which to the pos-

terior extremity of the body is distinct from, and

iadependent of, the intestiaal system (/). Prom
this trunk branches are detached on either side of

the median line for the supply of the feet and
integument.

(650.) At the point corresponding with the

circular vessel (fig. 193, h), the primary ventral

sends off a considerable division for the supply of

the intestinal system. The current, therefore,

entering the glandular parietes of the intestine is

purely arterial ia this genus ; for it is unmixedly
composed of blood returning from the tentacles

and branchi£e, by both of which the function of

respiration is performed. Here, again, there exist

but two principal directions in which the blood

circulates, viz. longitudinally and transversely, or

circularly, the former currents being connected
with the latter. The circular vessel (fig. 193, h)

acts like an auricle ; it receives the blood from the
intestiaal system and delivers it into the great
dorsal (a). The alimentary canal is embraced in this genus, as in all

AnneUds, by a framework of longitudinal and transverse vessels (/), in
which the blood moves backwards below, and forwards above.

(651.) After having passed through the branchial organs, the reno-
vated blood is received by vessels which unite to form a median trunk
(fig. 194, o) that runs beneath the alimentary tube and immediately
above the ventral chain of nervous ganglia. This ventral trunk is con-
tinued along the whole length of the body, and gives off opposite to
each ring a pair of transverse vessels, which, after having supplied
branches to the integument and locomotive organs, bend upwards, to
be distributed over the waHs of the intestine, where their ramifications
contribute to form the vascular network above alluded to.

(652.) The ventral vessel and its ramifications fulfil, therefore, the

Plan of the circulation

in Terebella. (After Dr.
Williams.)
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functions of an arterial system ; and consequently the branchiae them-

selves must be regarded as the agents employed in propelling the blood

through the systemic circulation. These organs, indeed, may be ob-

served, at intervals, to contract with considerable energy, and thus

materially to assist in urging the

blood through the arterial rami-

fications.

(653.) M. de Quatrefages ob-

serves* that both in the Erratic

and Tubicolous Annelidans the

sexes are separate, and states that

the generative apparatus, both in

the males and females, is restricted

to the abdominal portion of the

body. According to this distin-

guished anatomist, the testicle

consists of a kind of areolar web of

extreme delicacy, which, arising

from a median aponeurosis, adheres

to the internal and inferior surface

of the general cavity, rising as high

as the middle of the digestive

canal. The tenuity of this tissue

is such that it is impossible to

procure more than small fragments

for microscopic examination.

(654.) The ovary is in every

respect similar to the testicle

:

perhaps its texture may be rather

firmer, but not sufficiently so to be

adapted for satisfactory histolo-

gical distinction.

(655.) In the males as well as

in the females, but more especially

in the latter, during the period of

reproduction a pigment is secreted in great abundance, which Unes the

generative organs ; but in proportion as the ova or zoosperms become

developed, the amount of this pigment diminishes. Both the ovary

and testicle are evidently temporary organs, no traces of them being

distinguishable in the generality of specimens ; and moreover, in pro-

portion as their products become developed in the general visceral

cavity, they become gradually atrophied. When the male secretion is

at maturity, a jet of water washes away the spermatozoids, and no

trace of the testicle is left; on the contrary, when the sperm is imma-

* M6moire sur les Hermelliens," Ann. cles Sci. Nat. 3'' ser. 1848.

Arrangement of the vascular system in

Terebella. (After Milne-Edwards.)
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ture, washing still leaves behind a delicate web almost resembling a

light cloud.

(656.) In these Annelidans, according to M. de Quatrefages *, the

eggs, as well as the spermatozoids, which exist in a very rudimentary-

condition in the ovary or the testicle, break loose into the abdominal
cavity, where, insulated from aU the solid parts, and without any con-

nexion with the vascular system, they undergo all the principal phases of

their development. " It appears," says M. de Quatrefages, " that the
liquid which thus bathes them on all sides must be vitalized, and that it is

from it that they receive the materials necessary to enable them to grow
to ten times their original size ; in fact, this fluid acts the part of an
ovary and of a testis to them. The liquid enclosed in the general cavity
of the body of the Annelidans is therefore in some respects a fluid organ,"

(657.) The spermatogenous masses floating in the fluid contained in

the general cavity are irregularly ovoid, and present themselves in dif-

ferent stages of development. At first they are perfectly diaphanous,
smooth, and manifestly homogeneous, without any trace of an en-
veloping membrane. The dimensions attained by them in this con-
dition reach to as much as Jg- of a millimetre in length, and of a
millimetre in breadth.

(658.) At this epoch they may be seen to exhibit two grooves, cross-
ing each other at a right angle, and whose direction does not appear to
present any constant relation to the form of the mass itself. The
number of grooves soon increases, and they become more marked and
deeper

;
and the mass, after having presented a siuface subdivided into

large irregular lobes, assumes a mulberry-like aspect, and ultimately
becomes completely granular. During the time that these phenomena
are being manifested, the mass continues to increase in volume, and in
its ultimate condition it is sometimes iV of a miUimetre long by nearly

of a millimetre broad.

(659.) The masses, when a little further advanced, spHt up, and the taU
of the spermatozoids is then apparent. The spermatozoids continue to
adhere together for some time longer by their bodies, as weU as to the

(660.) At the moment when the spermatozoids separate themselves
from the minute masses of which they constitute a part, their body is
almost fusiform, and perhaps not more than^ of a milHm. long and

of a rnllim. thick; but they grow during the time they remain
in the fluid that bathes them : the body and the taU elongate; and
besides this, the former increases considerably in its transverse dia'
meter Among spermatozoids quite mature, some will have attained to
a length of^ of a millim., and a breadth of of a miUim
The foUowing observations of M. Sarsf, relative to the embryogei

of these worms, are extremely interesting and important
* "Sur lo Sang des Ann61ides," Ann. dos Sci. Nat. 1846
t Wiegm. Archiv, 1845, part 1.

snesis
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(661.) In Polyno'd cirrata tho months of February and March are the

period of propagation, when the body assumes a pale rose-colour, arising

from a numberless quantity of eggs, which fill the abdominal cavity, with

the exception of about tho first anterior fourth, and appear everywhere

through the skin. "When the animal is opened, the eggs appear to hang

together in masses by means of a connecting tenacious mucus. In

other individuals the eggs occur on the top of the back of the mother,

beneath the dorsal scales, in immense numbers, surrounded by a tena-

cious mucus. The heaps of eggs cover the whole hinder half of the

back, but more anteriorly only the sides above the bases of the feet. It

would seem that the eggs pass out through a very small aperture just

above the feet, as Eathke found in the case of Nereis pulsatoria. Here,

protected beneath the dorsal plates, the eggs remain until the young

escape. In the meantime the yelk undergoes the usual process of mul-

berry fission, until it becomes finely granular. The ova become slightly

oval ; and the foetus (into which the entire yelk is converted, without any

part whatever separating) is smooth, greyish white, and more or less

narrowly enclosed in chorion. A peculiar kind of motion was now ob-

servable on placing the separated ova under the microscope, the ova

turning round and round : this was effected by a very short fringe,

which is seen now and then to move slowly and curve in a worm-like

form, drawing the egg with it backwards and forwards. The foetus

itself, which gradually acquires a white greyish-green colour, is still

without motion in most of the ova : only, in a few a circle of extremely

minute projecting and vibrating cilia was perceptible, which surrounds

horizontally the centre of the body of the foetus, at an equal distance

from the two poles of the ovum. At last the foetus arrives at maturity

;

and the mother now carries on her back many thousands of young ones,

which gradually come forth from the mucus surrounding the eggs, leave

their mother, and swim freely about in the water, visible to the naked

eye as very minute greenish-grey points (-^ of a millimetre in size)

endowed with lively motion. They are extremely unlike their parent

both in form and structure, being short, oval, cylindrical, and devoid of

segmentation, furnished with a circle of long cilia around the centre of

the body, but otherwise without external organs. The portion of the

body situated anterior to the ciliary circle is somewhat narrower than

the hinder one, and bears two eyes : this is the head ; and the young one

always swims with this extremity in front. Frequently these young

animals revolve, during swimming, around their longitudinal axis.

Their sight is distinctly developed ; for they avoid each other with

adroitness, and always swim towards the light. The time from the

laying of the eggs to the extrusion of the young may probably amount

to a couple of weeks.

(662.) Many interesting particulars relative to the development

of the Annelida and tho metamorphoses which some of them un-
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dergo have been ascertained by Mibic-Edwards*. In the Terebellce

(fig. 195), the young, on leaving the egg, present no traces of the

annulose type of structure (fig. 195, i) : in a short time, however, the

body of the young Terebella becomes distinguishable, divided into four

rudimentary segments, the posterior of which is provided with a ciliary

apparatus (fig. 195, 2). Shortly after this, a fifth ring (fig. 195, 3, d)

begins to make its appearance in the space situated between the pe-

nultimate and terminal; and rudiments of a mouth and alimentary canal

become distinguishable. New segments are progressively added to its

length, these all successively making their appearance in the space

between the last-formed ring and the anal or terminal joint of the body;

so that the relative position of the newly developed segments is precisely

in accordance with their respective ages, except in the case of the last

segment, which is persistently terminal. Meantime simple subulate

setse, supported upon minute fleshy tubercles, begin to show themselves.

(663.) The digestive apparatus is now distinctly perceptible : ante-

riorly it presents a kind of fleshy bulb (fig. 195, 4, p) ; then a short

cylindrical CESophagus, followed by a capacious ovoid stomach (?•), the

contents of which appear to be still saturated with the coloured sub-

stance of the vitellus, and an intestine (s), which commences at about the

posterior third of the body. The glandular structures near the anterior

part of the animal now become apparent, and the subcutaneous muscles

clearly distinguishable ; still it is remarkable that, even in the most
transparent portions of the creatui'e, no traces of a vascular system can

be detected.

(664.) In the course of three or four days more, the cilia have com-
pletely disappeared from the surface of the body, which now presents

aU the characters of one of the erratic Annelids, but in no respect

resembles the tubicolous genera to which the creature reaUy belongs.

The young larva, in short, is furnished with a distinct head, an anten-
nary organ, eyes, and feet armed with subulate setae ; while the adult

TerebeUa) are acephalous, being destitute both of antennae and eyes,

and having feet provided with hook-like appendages.

(665.) After the larva has been furnished with one or two additional

pairs of feet, the head begins to be changed in its shape (fig. 195, 5), a
transverse constriction makes its appearance at a little distance in front

of the eyes, and its anterior lobe, which thus becomes distinctly defined,

is seen to be studded near its free margin with a series of stinging
vesicles, some of which are armed with little spine-Uke filaments. The
postcephalic ciliated coUar becomes at the same time much narrower,
and forms a prominent ridge underneath the head, that constitutes a
kind of upper lip. In the course of two or three days more, the anterior
cephalic lobe (195, 5, a) becomes perfectly distinct from the oculiferous

* " Recherchea Zoologiqucs faitos pendant un Voyage sur lea Cotes do la Sicile, par
M. Milno-Edwards," Ann. dcs Sci. Nat. for 1844.
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segment, and is much elongated, taking a cylindrical form, and consti-

tuting a very flexible median appendage, having all the characters of an

antenniform organ. Its axis is occupied by a canal that communicates

with the general cavity of the body ; and a fluid may be seen to circu-

Fig. 195.

- C I L
Development of Terebella nebulosa. (After Milne-Edwarda.)

late in its interior. The natatory cilia have almost entirely disap-

peared ; and the young Terebella in this condition exhibits aU the

characters of an Annelid belonging to the erratic group—not, as

yet, at all resembling any of the

tubicolous genera, of which it is a

member.

(666.) Having become deprived

of the locomotive cilia with which

they were previously furnished,

the larvae now cease swimming and

begin to enclose themselves in a

kind of mucous substance, which

gradually solidifies, so as to form

a cylindrical tube open at both

extremities. The first period of

their existence, during which they

lead an erratic life, then closes,

and they begin to assume the

habits of their parents. The ven-

tral oars, with their armature of

terminal hooklets, are successively

developed in a regular series from

before backwards, as additional

segments are added to the length

Plan of the nervous systi-ni in the Dorsi-

brnnchiate Annclidnns. (After QuntrcfBges.)
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of the body. The tentacular appendages next begin to be developed

from the sides of the head. But it is not before the body has acquired

thirty-eight or forty pairs of feet that the branchial apparatus makes
its appearance, under the form of two simple tubercles developed from
the lateral regions of the neck

; these, however, rapidly enlarge, and
soon assume the functions which, in the adult animal, they are destined

to perform.

(667.) The structure of the nervous system in the Annelida conforms,

in its arrangement, to the general type common to the articulated

classes. A considerable supraoesophageal mass (fig. 196, a a) repre-

sents the encephalon, in front of which are situated minute ganglia
(b, c, d, e), whence nerves

are derived to supply the ^ig-

principal instruments of

sensation connected with

the cephalic portion of the

animal. The circum-

cesophageal ring (n «) is

strongly marked, com-
municating on each side

with the ventral series of

ganglia (o, p) that ex-

tends throughout the en-

tire length of the body,

giving off nerves to supply

the different segments.

Communicating with the

posterior aspect of the

encephalic ganglia are

several small ganglionic

masses (i, Jc, I, m), which
are joined together by
•delicate filaments, and
apparently represent the

sympathetic system, inas-

much as from them are

derived filaments supply-

ing the alimentary canal

Structure of the eye in Torreamtrea, and of the supposed
auditory apparatus in Arenicola (after Quatrefages) 1a a, integument passing in front of the eye, and forming a
transparent cornea; h, e, granular cellular tissue enclosingthe globe of the eye; d, external surface of reticular pig-mental membrane

; /, internal sui-face of the same, seen
through the pupillary aperture; e, the iris; g, the orystal-
Jine lens; .9, optic nerve; h, sheath of ditto, derived from
the dura mater

; i, Jc, vascular trunJcs forming a circle around
the base of the eyeball. 2. Auditory apparatus of an
ylremcola

: a, acoustic nerve; b,c, cellular tissues investing
the auditory capsule ; rf, otolithic masses. 3. Auditory ap-
paratiia of AmpAicoiyne: a, cellular tissue; b, auditory
capsule; c, otolith.

^

and the principalviscera.

(668.) In Torrea vitrea (an AnneM the transparency of which is
such that, when plunged into sea-water, its presence is only distin
guishable from the bright-red colour of its eyes and a double lino of
violet-coloured spots that extend along its back) M. de Quatrefo-es *
was enabled to examine the structure of the organs of vision in a very

* Ann. des Sci. Nat. 1850.
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satisfactory manner. The eyes in this species are only two in number

;

and, indeed, they constitute by far the larger part of the creature's head,
forming two very considerable prominences that are almost conjoined

in the mesial line of the body. The integument, which is here ex-

tremely thin and perfectly diai^hanous, passes over the ocular globe,

and evidently in this case performs the functions of a transparent

cornea (fig. 197, i, a). A thick fibrous stratum, representing the

sclerotic {d), encloses the eye, and becomes continuous with the sheath,

likewise fibrous Qi), of the optic nerve {g'). The colourless sclerotic

presents upon one side a large irregularly rounded apert.uro that is

partly closed by a sort of choroid of a brownish colour (6), in the centre

of which is an almost circular pupil surrounded by a border of a

deep blue colour. Through the pupillary opening it may be perceived that

the interior of the eye is lined by the choroid, and that the whole

interior of the ocular capsule is filled up with a vitreous humour bo ab-

solutely transparent that the crystalline lens situated in its centre seems

to be in connexion with nothing. On the outside of the eye the optic

nerve can be plainly seen arriving at the eyeball and expanding to form

the retina. The eyes of other Annelidans, however, when present, ai'e

by no means so easily examined
;
but, from the researches of Miiller*,

Wagner t, Eathke|, and Siebold§, they may be briefly stated to consist

of a round transparent medium or lens enclosed in a layer of pigment,

and provided posteriorly with a retinal expansion.

(669.) An apparatus to which the functions of an organ of hearing

have been attributed by several eminent anatomists is met with in

some Annelidans, Grube and Stannius|| first announced a very remark-

able structure in Arenicola, the existence of which has been confirmed

by subsequent observers, that certainly resembles very closely in its

conformation an organ common among the Mollusca, to which a similar

function has been generally conceded: this consists of a transparent

membranous capsule (fig, 197, 2 & 3, a, 6, c) enclosing a fluid, wherein

one, or sometimes several minute bodies, having every appearance of

otoliths, are suspended. M. de Quatrefages describes these auditory

capstdes as being situated in the first or second segment of the body, one

on each side of the opening of the oesophagus, and observes that a nerve

of considerable size is distinctly traceable in them.

(700.) Many of the smaller marine Annelids are luminous ; their

luminosity, however, is not a steady glow like that of the glowworm

or firefly, but a series of vivid scintillations (strongly resembling those

produced by an electrical discharge through a tube spotted with tin-foil)

that pass along a considerable number of segments, lasting for an instant

* Ann. dos Sci. Nat. t. xxii. t Icones Physiologicjv, pi. 28.

\ Do Bopyro et Ncrcide, pi. 2. figs. 4 & 5.

§ Lchrbuch der verglcicbendon Anatomio, p. 200.

il

Lohrbuch der vorglcichenden Anatomic, von Siobold und Slauniiis, p. 201.
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only, but capable of being repeatedly excited by any irritation applied

to the body of the animal. These scintillations may be observed even in

separated segments if they be subjected to the irritation of a needle-

point or of gentle pressure; and it has been ascertained by M. de Quatre-

fages that they nre given out by the muscular fibres in the act of con-

traction*.

CHAPTER XI.

MYEIOPODA*.

(701.) The AnneHdans examined in the preceding chapter, with the

singular exception of the Earthworm, are only adapted to an aquatic

life : the soft integument which forms their external skeleton, and the

setiform and tentacular organs appended to the numerous segments of

their elongated bodies are far too feeble to support them in a less dense

and buoyant element ; so that when removed from their native waters

they are utterly helpless and impotent. Supposing, however, that, as a

mere matter of speculation, it was inquired by what means animals of

similar form could be rendered capable of assuming a terrestrial exist-

ence, so as to seek and obtain prey upon the surface of the earth, and
thus represent upon land the Annelidans of the ocean, a little reflection

would at once indicate the grosser changes required for the attainment

of such an object. To convert the water-breathing organs of the aquatic

worms into an apparatus adapted to aerial respiration would be the
first requisite. The second would be to give greater density and firm-

ness to the tegumentary skeleton, to allow of more powerful and accu-
rately-applied muscular force by diminishing the number of segments
composing the annulose covering, and also, by converting the lateral

oars into jointed levers of support sufficiently strong to sustain the
weight of the whole body, to provide instruments of locomotion fitted

for progression upon the ground. Yet all these changes would be in-
efficient without corresponding modifications in the character of the
nervous system

: the lengthened chain of small gangHa found in the
aquatic worms would be quite inadequate to wield muscles of strength
ada,pted to such altered circumstances; the small encephalic brain would
be incompetent to correspond with more exalted senses ; so that, as a
necessary consequence of superior organization, the nervous centres must
be all increased in their proportionate development to adapt them to
higher functions.

* Sec his Memoirs on the Annelida of La Manclie, in Ann. des Sci. Nat. ser. 2.
t. xix. and scr. 3. t. xiv.

t iivpioi, ten thousand, i. e. many
; ttovs, a foot.

T7
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Fig. 198.

(702.) The changes which our supposition infers would be requisite

for the conversion of an aquatic Annelidan into a land animal are

precisely those which wo encounter when we turn our attention from

the creatures described in the last chapter to the Myeiopoda, upon the

consideration of which we arc now entering : they form the transition

from the red-blooded worms to the class of Insects, and are interme-

diate between the two in every point of their structure.

(703.) The body of a Myriopod consists of a consecutive series of

segments of equal dimensions, but, unlike those of the generality of the

Annelida, composed of a dense semicalcareous or else of a firm cori-

aceous substance ; and to every segment is appended one or two pairs

of articulated legs, generally terminated by simple points.

(704.) The anterior segment or head, besides the organs belonging

to the mouth, contains the instru-

ments of sensation, consisting of

simple or compound eyes, and of two

long and articulated organs called

antennce, generally regarded as ap-

propriated to the sense of touch, but

which probably are connected with

other perceptions less intelligible to us.

(705.) The air required for respi-

ration is taken into the body through

a series of minute pores or spiracles

placed on each side along the entire

length of- the animal, and is dis-

tributed by innumerable ramifying

tubes or tracheae to all parts of the

system.

(706.) The number of segments,

and consequently of feet, increases

progressively with age,—a circum-

stance which remarkably distinguishes

the Myriopoda from the entire class of Insects, properly so caHed.

(707.) The Myeiopoda may be divided into two families, originally

indicated by LinnJEUs : the Julidce, or miUepcdes, and the Scolopen-

drldce, or centipedes, each of which wiU require our notice.

(708 ) jTTLiDiE.—The lowest division, which derives its name from

the Juius or common millepede, is most nearly aUied to the AnneUdans,

both in eiternal form and also in the general arrangement of it^ dif-

ferent organs ;
this, therefore, we shall first examine, and select tlie

Julus terrestris, one of the species most frequently met with, an ex-

ample of the rest. These animals (fig. 198, a) are generally found

concealed under stones, or beneath the bark of decayed timber, where

they find subsistence by devouring decomposing animal and vegetable

Julus terrestris. A, in the act of pro-

gression ; B, the same rolled up in a spiral

form; C, segments of the body, magnified,

showing the mode of attachment of the

feet (t, p) on each side of the mesial line

(r) of the abdomen.
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substances. The boJy is long and cylindrical, composed of between

forty and fifty hard and brittle rings, which, with the exception of

those forming the head and tail, differ but slightly from each other.

Every segment supports two pairs of minute feet, arising close to the

mesial line upon the under or ventral surface ; but these feet, although

distinctly articulated (fig, 198, o, p), are as yet extremely small in com-

parison with the bulk of the animal, and are evidently but mere rudi-

ments of the jointed legs developed in more highly organized forms of

homogangliate beings
;
consequently the movements of the Julus are

very slow, and the creature seems

rather to glide along the ground,

supported on its numerous but

almost invisible legs, than to walk.

When at rest, the body is rolled

up in a sqiral form (fig. 198, b),

the feet being concealed in the

concavity of the sjjire, and thus

protected from injury.

(709.) The mouth resembles in

structure that of the larvae of some

insects, and is furnished with a

pair of stout horny jaws, moving

horizontally, and provided at their

cutting edges with sharp denti-

culations, so as to render them effective instruments in dividing the

fibres of rotten wood, or the roots and leaves of vegetable substances,

usually employed as food ; and the alimentary canal, which is straight

and very capacious, is generally found fiUed with materials of this

description.

(710.) In most points of their internal organization, the Myriopoda
resemble insects ; and we should only anticipate the observations that
will be more conveniently made hereafter did we enter into any minute
description of their anatomy : we shall therefore, in this place, simply
confine ourselves to the notice of those peculiarities observable in the
animals under consideration whereby they are distinguished from in-
sects and entitled to rank as a distinct class. We have seen that, in
such of the Annelida as have been most carefully investigated, the ori-

fices of the sexual organs are situated near the anterior part of the body,
not, as is invariably the case among insects, at the caudal extremity :

in this particular the Julidce still present analogies with the red-blooded
worms

;
for in them the external openings of the male parts are situ-

ated immediately behind the base of the seventh pair of legs, and are
found to be placed upon minute mammillary protuberances, which are
each famished with a sort of hooked scale, adapted to hold the female
during the process of impregnation.

u 2
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(711.) In the female also the sexual orifices are advanced very far

forward, being situated in the vicinity of the head, between the first

and second segments ; the sexes, however, as in insects, are perfectly

distinct, and the conformation of the internal organs coincides with that

type of structure which is common to the insect orders.

(712.) The male generative organs of Julm are two elongated and

partially convoluted tubes, placed side by side beneath the alimentary

canal. The excretory ducts, or terminations of these tubes, run towards

the anterior part of the body, where they terminate in two minute in-

tromittent organs, situated at the under surface of the seventh segment,

immediately behind the seventh pair of legs. As they pass backwards,

the secerning tubes, or testes, gradually separate from each other, and

have developed from their sides, at short distances from each other,

numerous smaU glandular cseca, which doubtless constitute the se-

creting portions of the apparatus, or proper testes. The two efferent

ducts, whereby the secretion of these cseca is conveyed out of the body,

intercommunicate freely by means of short transverse canals, and, from

the sacculated appearance that they present towards their termination,

appear likewise to perform the office of reservoirs for the seminal fluid.

(713.) In the female Julus, the organs of reproduction are as simple

in their structure as those of the male. They consist of a single elon-

gated bag or oviduct, covered on its exterior surface with a very groat

number of ovisacs or cseca of various sizes, each of which secretes but a

single ovum. This oviduct extends backwards beneath the alimentary

canal from the vaginal outlet, which is double and situated in the fourth

segment of the body, behind the second pair of legs. In the pregnant

female the oviduct appears smooth externally, being distended with the

ova that have passed into it from the ovisacs where they were formed,

and which are retained in readiness to be deposited immediately after

intercourse with the male.

(714.) The ova, when fully developed, are found to present aU the

structures belonging to a perfectly formed egg,—the yelk, the germinal

vesicle with its macula, the membrana vitelli, the albumen, and likewise

the sliell, lined by the membrana externa, or chorion, being aU distinctly

recognizable.

(715.) Another important distinction between these animals and

insects properly so called, is met with in the mode of their growth and

development. Insects (as we shall more fully explain hereafter) undergo

a more or less complete change in their outward form as they advance

through several preparatory stages to their mature state
:
during the

progress of these changes, that constitute what is usuaUy called the

metamorphosis of insects, they are invariably unable to perpetuate

their species ; and it is only in their last or perfect condition, which is

ordinarily of very short duration, that the sexual organs attain their per-

fect development a.nd are fit for reproduction. In this state all true
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Fig. 200.

insects have six legs, which is one of the most important characters of

the class. The Myriopoda likewise undergo several changes of form as

they advance to maturity; but these changes principally consist in the

repeated acquisition of additional legs ; so that in their perfect condition,

instead of the limited number of six legs met with in insects, these

organs have become extremely numerous. The progress of these trans-

itions from their immature to their fully developed state has been weR

observed by De Geer* and Savif; and the result of their observations

is here given, in order that the reader may compare the different steps

of the process with what we shall afterwards meet with in the more

highly organized Articulata.

(716.) The eggs (fig. 200, a), which are very minute, are deposited

in the earth or vegetable mould, in which the Julus is usually met with.

When first hatched, the young Myriopod is of course exceedingly dimi-

nutive ; at that period it resembles a microscopic kidney bean, and is

completely destitute of legs or other external organs. After a few days

the embryo Julus changes its skin, and, throwing off its first investment,

appears divided into distinct

segments, and furnished with

a head, a pair of simple eyes,

a pair of antennae, and six

jointed legs attached to the

anterior rings of the body

(fig. 200, B, c). Some days

subsequent to its first moult,

the skin is again cast, and the

mUlepede, acquiring larger

dimensions, is seen to possess

seven pairs of ambula.tory

extremities, which, however,

are still placed only upon

the anterior segments (fig.

200, d). When twenty-eight

days old, they again throw off

their outward covering, and

assume, for the first time,

their adult form : they then

consist of twenty-two rings, and have twenty-six pairs of feet
; but, of

these, only the eighteen anterior pairs are used in progression. At the

fourth moult the number of legs is increased to thirty-six pairs ; and
at the fifth, at which time the body becomes composed of thirty seg-

ments, there are forty-three pairs of locomotive organs. At last, in

* Memoiros pour aervir a I'llistou-o dcs Insectos. 7 vols. 4to. Stockholm, 1778.
t Osscrvazioni por sorviro alia storia di una specie di Julus coniunissima

Bologna, 1817.

Growth of young Julua terrestris. (After Do Q-eer.)
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the adult state, the male has thirty-nine and the female sixty-four rings

developed ; but it is not until two years after this period that the sexual

organs appear and the animals become capable of reproduction.

(717.) The development of the young Julus has been traced more
recently by Mr. Newport with great caro; and the result of that gentle-

man's observations relative to this part of the history of the Myriopods

is of extreme interest, both to the physiologist and in an entomological

point of view.

(718.) The embryo, when it first becomes distinguishable in the in-

terior of the ovum, is entirely destitute of limbs, or of any appearance

of segmental division ; and even at the moment of its escape from the egg,

which is effected by the laceration of the egg-sheU, but very faint traces

of segmentation are discernible. After its extrusion, however, its growth

advances with considerable rapidity ; and it soon becomes visibly divided

into eight distinct segments, including the head (fig. 201, a)—the ninth

Fig. 201.

A CD

Development of the embryo in Julus terresiria. (After Ifewport.)

or anal segment {cl) being still indistinct. The four thoracic segments,

moreover, now exhibit on their ventral surface little nipple-shaped pro-

tuberances, three of which on each side are the rudiments of future legs.

No internal viscera are as yet distinguishable, the whole embryo being

stiU a congeries of vesicles, or cells, in the midst of which some faint

traces of a future alimentary canal seem to be indicated. In this state

the body of the embryo is completely enclosed in a smooth and perfectly

transparent membrane (fig. 201, a, e), which seems to contain a clear

fluid. This membrane Mr. Newport regards as the analogue of the

amnion (the vitelline or investing membrane of the embryo in the higher

animals), and identical with the membrana vitelli, or proper membrane of

the yelk. It is a shut sac that completely invests the embryo, except at
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its fuimel-sliaped termination at the extremity of the body (fig. 201, a, d),

where it is constricted, and, together with another membrane (which

in the unburst egg is external to this and lines the interior of the shell),

assists to form the cord or proper funis (cl) that enters the body of the

embryo at the posterior part of the dorsal surface of the future ante-

penultimate segment, where the mucro or spine exists in the adult animal.

(719.) A new process is now about to commence—the development of

new segments. Up to the present period the posterior part of the body

remains less distinctly divided into segments than the anterior, the first

five segments being the most distinctly marked ; the sixth and seventh

now become more defined. It is in the membrane (fig. 201, c, /) that

connects the seventh with the eightli segment (at the posterior margin of

which last the funis (d) enters, and which is permanent as the penulti-

mate segment throughout the life of the animal) that the formation of

new segments is taking place. At this period it is only a little, ill-

defined space, that unites the seventh and eighth segments into one

mass ; but in proportion as the anterior parts of the body become de-

veloped, this part is also enlarged, not as a single structure, but as a

multiplication or repetition of similar structures.

(720.) About the seventh day the little embryo is ready to leave

the amnion in which it has been hitherto enveloped. Its body is found

to have become considerably elongated, the increase of length being

mainly occasioned by the growth of the posterior segments, but more

especially by the development of new ones, which now begin to make

their appearance in the antepenultimate space (fig. 201, c, /), which is,

in fact, the proper germinal space or germinal membrane, whereby the

production of all the future segments is effected. The seven anterior

segments, including the head, are now greatly enlarged ; and the hitherto

minute penultimate and anal segments (s, 9) become much enlarged, and

rapidly acquire the form they afterwards retain through the life of the

animal. This latter fact shows that it is not merely by an elongatioii

and division of the terminal segment that the body of the Julus is de-

veloped, but that it arrives at its perfect state by an actual production of

entirely new segments, the formation of which is in progress long before

they are apparent to the eye, and that the original segments of the ovum
into which the animal is first moulded are permanent.

(721.) The manner in which new legs are produced is equally curious.

Up to the present period the animal is famished with only three pairs

(fig. 201, c,h c); but four additional pairs are nevertheless in progress

of formation. These, at present, exist only as eight minute nipple-

shaped prominences on the under surface of the sixth and seventh seg-

ments (fig. 201, c, 6, 7), four on each, covered by the common integu-

ment, which, as in the larval condition of insects, is a deciduous mem-
brane. The newly formed legs, however, go on rapidly increasing in
size until about the twenty-sixth day, when, throwing off the skin in
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Pig. 202.

which it has hitherto been encased, the young Julus presents itself

with seven pairs of legs and a body consisting of fifteen segments
(fig. 201, E).

(722.) In this condition the body of the animal still continues to

elongate, not by the division of the already formed segments into others,

but always by the formation of new ones in the germinal membrane
that extends from the posterior margin of the antepenultimate segment
to the penultimate, which last segment, as well as the anal, undergoes
no change ; and it may likewise be observed that that segment of the

newly formed portion of the body is always furthest advanced in growth
which is immediately posterior to the last segment which possesses legs,

—

and then the next in succession—until we arrive at the terminal ones
(tlie penultimate and the anal), that never have legs appended to them.

(723.) On again casting its skin, the new segments of the body pro-

duced at the former change, from the eighth to the twelfth inclusive

(fig. 201, E, 8~i2), are become of the same
size as the original ones, and each has de-

veloped from it two additional pairs of legs,

so that the whole number becomes increased

to thirty-four ; and thus at each change of

skin the number of new segments and of

additional legs is increased, by development

from the germinal membrane, untU the full

complement is acquired.

(724.) ScoLOPEifDKiDiE.—In the second

family of Myriopoda we have a very striking

illustration of the manner in which the de-

velopment of the nervous centres proceeds

step by step with that of the external

limbs. The slow-moving JulidsB possess,

in their rudimentary feet, organs adapted

to their condition ; and their feeble powers

of locomotion are in relation with their

vegetable diet and retiring habits. But in

the predaceous and carnivorous Scolopenclra

(fig. 202), which, although it lurks in the

same hiding-places as the Julus, obtains its

food by pursuing and devouring insects,

far greater activity is indispensable ; and accordingly we find the seg-

ments of the body, and the extremities appended to them, exhibiting a

perfection of structure adapted to greater vivacity and more energetic

movements.

(725.) This is at once evident upon a mere inspection of their out-

ward form : the individual segments composing the animal are much
increased in their proportionate dimensions, and, instead of being cy-

Scolopendra.
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lindrical, each division of the body is flattened and presents a quadran-

gular outline. In order to give greater flexibility to the animal, instead

of the semicrustaceous hard substance which forms the rings of the

Julus, the integument is here composed of a tough and horny substance,

forming two firm plates, one covering the back, the other the ventral

aspect of the segment, while all the lateral part is only incased in a

flexible coriaceous membrane, with which the individual rings are like-

wise joined together. Such an external skeleton is obviously calculated

to give the greatest possible freedom of motion, and thus to enable the

Scolopendra to wind its way with serpent-Uke pliancy through the

tortuous passages wherein it seeks its prey.

(726.) The ventral chain of ganglia belonging to the nervous system

presents a series of nervous centres of dimensions proportioned to the

increased bulk of the segments in which they are lodged, and becomes

thus fitted to direct the movements of more perfect limbs. The legs,

therefore, as a necessary consequence, are now proportionately powerful,

divided into distinct joints, and provided with muscles calculated to

bestow on them that activity essential to the pursuit and capture of

active prey. Thus, then, by a simple concentration of the nervous

masses composing the abdominal chain of ganglia, we have the slow-

moving and worm-hke Julm (which we have seen to be, in consequence

of its feebleness, restricted to live upon roots and dead substances) con-

verted into the carnivorous and powerful Scolopendra, well able to wage
successful war with the strongest of the insect tribes, and not unfrc-

quently formidable, from its size, even to man himself.

(727.) The mouth of the

Scolopendra is a terrible in-

strument of destruction,

being provided not only

with horny jaws resem-

bling those of insects, here-

after to be described, but

armed with a tremendous

pair of massive and curved

fangs ending in sharp

points, and perforated near

their termination by a mi-
nute aperture, through

which a poisonous fluid is

most probably instilled into the wound inflicted by them. It is to this

structure that the serious consequences which in hot climates not un-
frequently result from the bite of one of these animals must no doubt
be attributed.

(728.) In their internal anatomy the Scolopendridce resemble insects
even more nearly than the Jtdus. The ahmcntary canal is straight and

Fig. 203.
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intestiniform, but of much smaller diameter than that of the vegetable-

eating Myriopoda. It presents an oesophagus and a small muscular

gizzard ; but there is no perceptible division into stomach and intestine.

The respiratory and circulating systems, so far as they are understood,

seem to correspond with what we shaU afterwards find to exist in the

larva3 of insects.

(729.) In the Scolojrjendridce, as we learn from the researches of

Mr. Newport*, the heart is enclosed in a distinct membranous covering,

which may be regarded as a true pericardium, consisting of a loose deU-

cate membrane, between which and the sides of each chamber of the

heart there is a slight interspace. The heart itself is a long pulsating

organ, corresponding in its general structure and position with the

dorsal vessel of insects ; it is situated immediately beneath the integu-

ments, and runs along the mesial line of the dorsal region of the body,

consisting of a series of chambers, twenty-one in number, that com-

municate with each other and extend through the entire length of the

animal from the tail to the cephalic segment.

(730.) The minute structure of the heart is exceedingly interesting.

This organ is composed of two distinct contractile tunics, one external

and the other internal, each being covered by its proper serous mem-
brane. The external tunic is a very thick muscular layer, the fibres of

which are loosely interwoven with each other. The internal tunic is

composed of two sets of muscular fibres, of which the inner stratum is

disposed longitudinally, while the external one is formed of numerous

short, broad, transverse muscular bands, very much resembling in ap-

pearance the cartilaginous rings of the trachea in vertebrated animals.

They do not completely encircle the longitudinal ones, but pass only half-

way round on each side, leaving a space between those of the two sides,

both upon the upper and under surface.

(731.) From each compartment of the heart proceed the systemic

arteries, which supply nearly the whole of the blood to the viscera and

lateral portions of each segment. The anterior pair of these systemic

arteries, however, instead of being distributed lilce the rest, form a vas-

cular collar, which, after surrounding the oesophageal tube (to which, and

to the different parts belonging to the cephalic segment, it gives off

numerous branches), unites beneath the oesophagus to form the great

supraganglionic vessel or aortic trunk, extending backwards along the

middle line of the body, immediately above the centres of the nervous

system (which it supplies plentifully with blood), as far as the terminal

ganglion in the last segment, giving off in its course numerous arterial

canals, which ramify extensively in the surrounding structures. The

return of the blood from the various viscera to the dorsal vessel is

effected, as in insects, by lacunar or interstitial channels, as wiU bo

explained in the next chapter.

* Phil. Trans. 1843.
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(732.) In the position and arrangement of the sexual organs, the

Scolopendridse complete the transition between the Annelidans and

Insects properly so called ; for while in Julus we have found them still

occupying the anterior part of the body as in the former class, in Sco-

lopendra they are removed to the tail. The structure of the male organs

(fig. 204, 2) is remarkable. The
Fig, 204.

testes are seven in number ; and

on opening the posterior seg-

ments of the animal, they are

found closely packed in parallel

lines. Each testis is composed of

two fusiform parts precisely

similar to each other ; and from

each end of every one of these,

which are hollow, arises a narrow

duct ; so that there are four-

teen pairs of ducts arising from

the fourteen secreting organs.

The ducts all end in a common
canal, which gradually becomes

enlarged and tortuous, and ter-

minates by a distinct aperture in

the vicinity of the anus. Just

prior to its termination, the

common ejaculatory duct com-

municates with five accessory

glands (fig. 204, 2, c, d d, e e),

four of which are intimately

united until unravelled, while

the fifth is a simple caecum of

considerable length.

(733.) The ovarian system of

the female Scolopendra is a

single tube (fig. 204, 1), without

secondary ramifications, but re-

ceiving near its termination the ducts of accessory glands, as repre-
sented in the figure.

(734.) Some Scolopendrse (S. pliosphorea) emit, in the dark, a strong
phosphorescent light ; and one species {S. electrica) is able to give a
powerful electrical shock to the hand of the person who inadvertently
seizes it.

1, female, and 2, male generative system of
Scolopendra: a, testes; 6, vas deferens; c, recep-
tacula seminis; dd,ee, accessory glands;/, penis.
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CHAPTER XII.

INSECTA.

(735.) The word Insect has at different times been made use of in

a very vague and indeterminate manner, and applied indiscriminately

to various articulated animals*. In the restricted sense in which, we
now use it, we include under this title only such of the Homo-
GANGLiATA as in their perfect or mature state are recognizable by the

following characters, by which they are distinguished from all other

creatures.

(736.) The body, owing to the coalescence of several of the segments

Eig. 205.

Dermal skeleton of an insect. A, the head ; B, C, D, segments of the thoracic region, called

respectively the Frothorax, the Mesothorax, and the Metathorax; E, the abdomen; F, oripositor;

K, L, the wings ; &, H, I, the three pairs of legs attached to the thoracic segments. The principal

divisions of the limbs are likewise indicated: 1, coxa; 2, trochanter; Z,femur; 4, tihia. The suc-

ceeding pieces form collectively the tarms (5), the last segment of which (6) is theJbot.

which compose their external skeleton, is divided into three principal

portions—the Read, the Tlioracc, and the Abdomen. The Head contains

the oral apparatus and the instruments of the senses, including the

antennte or feelers, which are articulated organs presenting great variety

of shape, but invariably only tivo in number. The Tlwrax, formed by

the union of three segments of the skeleton, supports sUc articulated

* The word Insect, derived from the Latin word Insecta, siuiply moans divided

into segments.
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legs, and sometimes four or two wings ; these last, however, are fre-

quently wanting. The Abdomen is destitute of legs, and contains the

viscera connected with nutrition and reproduction.

(737.) But insects, before arriving at that perfect condition in which

they exhibit the above-mentioned characters, undergo a series of changes,

Fig. 206.

Pyrali) pomana. b, the larva, which lives upon the pips of the apple ; a, chrysalis ; c, imago.

both in their outward form and internal structure, which constitute what

is generally termed their metamorjiliosis. When this is complete, as for

example in the Butterfly, the insect, after leaving the egg, passes through

two distinct states of existence before it arrives at maturity and assumes

its perfect form. The female butterfly lays eggs which, when hatched,

produce, not butterflies, but caterpillars—animals with elongated worm-
like bodies divided into numerous segments, and covered with a soft

coriaceous integument (fig. 206, h). The head of the caterpillar is pro-

vided with horny jaws and several minute eyes : the legs are very short,

—six of them, which are attached to the anterior rings, being horny and
pointed, while the rest, of variable number, appended to the posterior

part of the body, are soft and membranous. The caterpillars, or larvce*,

live for some time in this condition, and frequently change their skin

as they increase in size, until at length, the last skin of the larva being

thrown off, the animal presents itself in quite a different form, enveloped

in an oblong case, without any external limbs, and almost incapable of

the slightest motion—resembling rather a dead substance than a living

creature ; it is then called a chrysalis, nymph, or picpaf (fig. 206, a).

(738.) On examining attentively the external surface of this pupa,

* So called, by Linnaeus, because in this condition the perfect form of the insect

is concealed as it wore under a mask. Larva, Lat., a mask.

t The first two of these names arc purely fanciful : the last is derived from pupa,
a baby wrapped up in swaddling bands.
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we may discern, in relief, indications of the parts of the Butterfly con-
cealed beneath it, but in a rudimentary condition. After some time
the skin of the pupa bursts, and the imago, or perfect insect, issues

forth, moist and soft, with its wings wet and crumpled ; but in a few
minutes the body dries, the wings expand and become stiff, and from
being a crawler upon the ground, the creature is converted into a gay
and active denizen of the air (fig. 206, c).

(739.) Such is the progress of the metamorphosis when complete ; but
all insects do not exhibit the same phenomena. Those genera which, in

their mature condition, have no wings, escape from the egg under nearly

the same form as they will keep through life ; these form the Insecta

Ametahola* of authors: and even among those tribes which, when
perfect, possess instruments of flight, the larva frequently differs from
the complete insect only from its wanting wings, and the pupa is re-

cognizable by being possessed of these organs in an undeveloped or

rudimentary state : an example of this is seen in the Locust (fig. 226).

(740.) The extensive class of Iksects has been variously arranged by
different entomologists, and distributed into numerous orders. Among
the different systems which have been given, we select the following as

Fig. 207.

'''^'"ii:.iKaNi..ji;.

Metamorphosis of ft Petalocerous Beetle.

best calculated to render the reader acquainted with the transforma-

tions, as well as the principal forms, to which allusion will be made in

subsequent pages.

* &, without ; fieTajSoXTj, change.
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(741.) CoLEOPTEBA*.—TliesG insects are characterized by having four

wings, of which the anterior
• 1 J 1 P^S- 208.

pair, always hard or leathery ^

in their texture, form two

strong shields, beneath which

the hinder pair are protected.

The front wings or elytra, when

in repose, are always united by

a straight edge extending along

their whole length. The hinder

wings, which alone are adapt-

ed for flight, are much larger

than the elytra, and when not

in use are folded transversely
;

in a few species they are want-

ing, and then the elytra are

soldered together. Their mouth

is constructed for the mastica-

tion of food ; and their abdomen

is sessile—that is, broadest at

the place where it joins the thorax. The larva is worm-like and

Metamorphosis of a Lady-bird (^Coccinella.)

Fig. 209.

Metamorphosis of a Grashopper {Qryllxtt.)

soft, with the exception of the head and the first segments of the

* KoXfbs, a sheath or case; irrepov, a wing: =haTing their hinder wings pro-
tected by those in front as by a sheath.
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body, which are horny. They are generally furnished with three

pairs of horny legs attached to the three front segments. The pupa
is motionless and takes no food, its limbs being encased in the ex-

ternal integument. It is generally enclosed in a silken cocoon, com-
posed of different substances, joined together by a silk-like material

;

sometimes it is naked (figs. 208, 209). This is by far the most nu-

merous of all the insect orders ; the number of species already known is

probably not less than fifty thousand.

(742.) Okthopteba*.—In this order the front wings or elytra are

semimembranous, and are supported by a framework of nervures ; more-

over, instead of meeting in a straight line along the back, they overlap

each other. The hind wings are folded longitudinally like a fan. The

larvae and pupas are equally active with the perfect insect : the former

possess no wings; and in the latter these organs only begin to show

themselves enclosed in wing-cases ; otherwise, in both conditions, they

live upon the same food. Their mouth is furnished with cutting man-

dibles, with which most of them devour vegetable substances. They

are aU terrestrial in their habits, and generally feed upon plants.

The Cockroaches (Blatta) and the Earwigs {Forficula) are sometimes

described as forming orders apart, under the
-^^^

designations of DiCTYOTOPTEKAf and Euple-

xopteeaJ—the former being distinguished

by the reticulated texture of their elytra, the

latter by the beautiful manner in which their

wings are folded up when at rest.

(743.) Neukoptbka §.—The Insects be-

longing to the Neuropterous order possess four

transparent wings, for the most part of equal

size. The nervures are numerous, and

connected so as to form a magnificent net-

work. The mouth is armed with jaws, but
Cockroach Wta).

the body is never furnished with a sting. The larvas are active, very

dissimilar to the winged insect, and always provided with six jointed

legs, each terminated by a pair of hooks. To this order belong the

Dragonflies (LiheTlula) (fig. 211), the Lace-winged flies (Hemerobius),

the Stone-flies (Semblis), and the White Ants (Termes), the Ant-lions

(Myrmeleo), the Scorpionflies (Panorjpa), and the May-flics (Ephemera).

A distinct order is recognized by some entomologists, named Tmcno-
pteba||, in which are included the Pliryganem or Caddis-flies, which are

* op0os, straight; Trrep^v, a wing.

t SiKrvtoTot, reticulated
; irrepov, a wing.

X ev, prettily; ttXgko*, to fold; Trrepbi', a wing: =having their iiindor wings

beautifully folded.

§ ve.vpov, a norvuro
;
trrephv, a wing.

II
0pi5, rpixds, hair ; wTepov, a wing : = having iiniry wings.
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Dragonfly.

Fig. 212.

X
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remarkable for the hairiness of their wings, and the peculiar habita-

tions constructed by the larvoe.

(744.) Hymenoptera *.—The Hymenoptera, like the Neuroptera, are

furnished with four transparent wings ; but instead of the nervures

forming a close network, they are much more sparingly distributed.

Another difference is, that in the Hymenoptera the hind pair of wings

seem as if cut out of the front pair, with which they interlock by means

of small hooks during flight, so that the two wings almost resemble a

Fig. 213.

The Hive Bee (Apis melUfica). A, Working Bee. B, fertile female, or Queen Bee.

C, the male, or Drone.

single one. The abdomen, moreover, is terminated by an apparatus

which, in some species, serves for the deposition of eggs, but in others

is connected with a poison-bag and forms a venomous sting. To this

Fig. 214.

Metamorphosis of Styloj,, : a, b,f, female ; d, e, pupm of male g, larras. of natural size

;

h, larva magnified ; t, imago ofmale insect.

order belong the Saw-flies (TentJiredo) (fig. 264), tbe Cuckoo-flies

(Ichneumon) (fig. 259), the GaU-flies (Cynips) (fig. 265), the Ante

(Formica), the Wasps (Vespa), the Bees (Ajns) (fig. 213), and the

Humble Bees (Jiomhus).

*
ifiriv, a membrane ;

Trrepbv, a wing : =liaving membranous wings.
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Fig. 215.

(745.) Stkepsiptera*.—The insects belonging to this very small

group have their anterior wiugs rudimentaiy, while the posterior pair

are folded up lengthways like a fan (fig. 214). The male insect only is

provided with wings ; the female lives parasitically in the bodies of various

kinds of hymenopterous insects. The female is a soft maggot-like

creature, residing in the interior of bees until it has attained its full

size, when the anterior part of its body acquires a horny consistency,

and is pushed out from between the segments of the bee's abdomen.
This is the only change to which the females are subject ; but the males

become converted into pup^ within the skin of the larva, and thus lie

concealed within the body of the bee until their final change, when they

issue forth as winged

insects. In their earliest

form, just after quitting

the egg, the larvas are

minute active creatures,

furnished with six legs,

by means of which they

run about upon the body

of the bee, of which their

mother is an inmate.

(746.) LEPIDOPTEEAf.

—The Lepidoptera are

at once recognizable by
their four ample wings,

generally thickly clothed

on both surfaces with

minute feather-like

scales that overlap each

other and, being often of

different colours ar-
^„ T • , , ,

-Metamorphoses of Butterfly. A, larva-ranged m beautiful pat- b, chrysalis c, imago,

terns, form a kind of mosaic-work of exquisite beauty. The mouth
of all the insects included in this order is adapted to pump up the
nectareous juices from the cups of flowers, and is generally composed of

.

tubes of considerable length in order to enable the insect to reach the re-
cesses of the flower-beU, wherein the honeyed stores are lodged. When
unfolded, this curious apparatus resembles a long double whip-lash.When not in use, it is coiled up into a very smaU space beneath the
head ihe larvae, commonly known as caterpiHars, have a soft cylin-
drical body, furnished in front with three pairs of hornv legs, and pos-
tenorly provided with from four to ten pairs of false feet or " dingers."

folLr'''"''
^ '"'''"''^

'
the appearance of the wings when

t Xe^ls, a scale; ^repbv, a wing: =having the wing covered with minute scales.

X 2
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The pupa, called a cJinjsalis, is motionless, and its limbs arc folded down

and covered with a transparent
Fic 216

varnish. Their position, however,

can be distinctly traced by external

markings (fig. 216).

(747.) Hemiptera *.—In insects

belonging to this order, the elytra

or 'wing-covers present two distinct

portions of very different texture,

their front part being stiff and

leathery, while their hinder mar-

gins are thin and membranous (fig.

217). The membranous portion

of one wing, moreover, when in a

state of rest, overlaps that of its

feUow. Their mouth consists of a

long beak or rostrum, along the upper surface of which runs a groove

wherein are lodged four long sharp-pointed filaments that constitute a

Chrysalidsof Butterfly : the right-hand figure

shows the chrysalis in its natural state, having

the limbs fixed in their positions by a natural

varnish ; in the other figure the varnish has been

dissolved, and the limbs unfolded.

Fig. 217.kind of sting. The Hemiptera re-

tain, in all stages of their growth, the

same form and the same habits ; the

only change they undergo consists in

the development of their wings, the

rudiments of which first make their

appearance when they enter their

'pupa-condition. They usually lurk

about plants and prey upon hapless

insects, into whose body they plunge

their piercing suctorial oral appa-

ratus, and thus obtain their food.

Some, however, inhabit the water,

upon the surface of which many of

them walk with facility ; as, for

(Hydrometridce), (fig. 224).

(748.) HoMOPTERAf.—The Homopterous insects, or" Plani-siicJcers,"

are furnished with four large wings, all of which are transparent,

loosely veined, and of the same texture throughout. With these they

fly from plant to plant, imbibing their juices by means of a mouth

simHar in structure to that of Hemipterous insects. The only change of

form that they present during their metamorphosis is the acquirement of

wings, which in the pupa are encased in temporary wing-covers (fig. 21b).

(749.) DiPTBBAj.—The Dipterous insects possess but a single pair

*
V'-. half

;
nrepbv, a wing : =baving half of Ihe elytra membranous,

t 6/t6s, similar
;
trrepa, wings.

X di-n-repos, having two wings.

Metamorphosis of iVepa.

example, the Water-measurers
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of wings, which are always transparent, veined, and without folds. The
place of the hinder wings is occuiiied by a pair of slender filaments,

dilated at their extremities, called " poisers " (halteres) : their mouth

Fig. 218.

Fore leg, pupa, case and under sm-face of Cicada.

13 adapted for suction, and in many species is supplied with piercing
instruments of very formidable character. AU Dipterous insects un-
dergo a complete metamorphosis ; but two distinct modifications are

Fig. 219.

Metamorphosis of a.>c,„: larvm
; o,pupa; 6, imngo, male and female

;

a, larva m a factitious tube.

observable in the mode of their transformation. The larvae of manv
genera denude themselves of their outer skin, and in their pupa-state
preserve a considerable degree of activity (fig. 210) ; whilst in others
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the external integument is not cast off, but hardens into a sort of case

or shell, giving the limbless pupa very much the appearance of an

egg(fig. 220,6, c,/).

(750.) TnYSANTJRA.*.—These insects are without wings, and un-

dergo no metamorphosis ; they are distinguished by the possession of

Fig. 220.

Metamorphosis of Bot-fly (^CEstrus) : a, e, larvro ; b, c, pupse ; /, pupa-case
; g, its lid

;

d, h, winged insects.

peculiar instruments of locomotion, in the shape of fringed setae, ap-

pended to the hinder extremity of their abdomen. The order includes

but two genera, the Sugar-lice (Lepisma), and the Spring-tails (Podura).

(751.) APHAOTPTBRAt.—The Aphaniptera are generally thought to

be wingless ; nevertheless in their

perfect state they possess the rudi-

ments of these organs, very small

and inconspicuous, and they un-

dergo a complete metamorphosis.

In the imago condition (fig. 221)

their body is compressed at the

sides, and the legs are adapted for

leaping. Their mouth is provided

with lancets, and performs the

functions of a sucking-apparatus.

The larvae resemble little worms,

and are quite destitute of feet.

Tn the pupae the outlines of the

limbs are visible externally.

(752.) PaeasitaJ.—The Parasita are wingless insects that do not

* Gvaavot, fringes; ovpd, tail : —fringe-tails.

t a^avi'Coi, to hide
;
nrepov, wing : -having their wings hidden.

J TrapacriTos, one who lives at nnotlier's expense.

MetamoriAosis of Plea (Fulex): eggs;

b, c, larva;; d, pupa; e, imaga
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Fig. 2-99

Bird-louse of the Eagle.

undergo anj' metamorphosis, and whose abdomen is unprovided with

any tei'rainal appendage. Their mouth is adapted for suction, their

body is flattened, and they live, as the

name of the order indicates, as para-

sites upon other animals
;

they are

found, however, only upon mammals and

birds, and are generally known by the

names of lice and ticks (fig. 222).

(753.) Having thus introduced the

I'eader to the chief orders composing

the vast classes of Insects, our next ob-

ject must be to examine more in detail

the principles upon which these animals

are constructed, both as regards their

external organization and the nature

and arrangement of their internal parts.

We shall speak of them in the first

place only in their perfect condition,

leaving all observations relative to the

metamorphoses they undergo for sub-

sequent consideration.

(754.) Insects, examined generally, differ from aU other articulated
beings in one remarkable circumstance : they are capable of flight, and
can maintain themselves in the air by means of wings. It is true
indeed, that some species are met with, in all the orders described
above, which are apterous, being destitute of such organs ; but these
form exceptions, to be noticed hereafter. Such a mode of progTession,
through so rare a medium as that of the atmosphere, necessarily demands
an exercise of muscular power of the most vigorous and active descrip-
tion, and a correspondent strength and firmness in the skeleton upon
which the muscles act. It is sufficient to cast a glance at the external
construction of any of the AnneHdans or Myriopods which have come
under our notice, to be convinced that in such animals flight would be
impossible under any circumstances. Their long and flexible bodies
present no point to which efficient wings could be appended ; neither is
any part of their divided skeleton possessed of sufficient strength to
support the action of muscles so forcible and energetic as would be in-
dispensable to wield the instruments used in flying, or raise the body
above the surface of the ground,

_

(755.) Similar changes, therefore, to those which we found requisitem order to convert the aquatic Annelid into the terrestrial Myriopod
must be s lU further carried out before the animals last mentioned could
be adapted to become inhabitants of the air. The number of segments
composing their elongated bodies must be materially reduced; certain
parts of the skeleton must bo strengthened in order to sustain the cff-orls
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of muscles sufficiently strong to raise the weight of the animal
; and, in

the last place, the nervous ganglia, by a like concentration of hitherto

separated parts, must be gathered into masses of increased power, suffi-

cient to animate the more vigorous muscles with which they are in relation.

(756.) Such changes are precisely those which are most remarkable

when we compare the external appearance of a centipede with that of

a winged insect. The entire number of segments, and consequently the

proportionate length, of the latter is obviously reduced. The head is

seen to be more distinct from the rest of the body, to which it is con-

nected by a moveable joint. The three anterior segments of the trunk

become largely developed, and, from the density of their substance, form

by far the strongest part of the skeleton, constituting what is called the

thorax of the insect ;
they are, moreover, generally united together,

especially the two posterior, so as to be consolidated, as it were, into

one piece ; and the organs of locomotion are appended to these rings

only. The remaining segments of the body are much less firm in

their texture, especially in insects with hard or horny wing-covers, in

which indeed they are almost of a membranous consistence, so as to

increase, as far as possible, the lightness of the animal in parts where

strength is not required. Here, then, is an auuulose skeleton adapted

to flight ; dense and unyielding where support is required for the at-

tachment of the locomotive organs, but thin and flexible elsewhere.

(757.) The above conditions being required in the arrangement of

the pieces which compose the outward framework of the body in insects,

we may easily conceive that the mode of union between the various

segments above described is by no means a matter of indifference, inas-

much as very difiereut degrees of motion are required between the in-

dividual rings. In the Annelida and Myriopoda a very simple kind of

junction was sufficient ; for in them the segments were aU united by

the mere interposition of a thinner coriaceous membrane extending be-

tween their contiguous margins ; but in insects several kinds of articu-

lation are met with in the construction of the trunk, adapted to the

mobility of different regions.

(758.) The first mode of connexion is effected by suture, or rather

by a species of " harmony,'' as it is technically termed by anatomists

—

two plates of the skeleton being accurately and immoveably fitted to each

other, but without being decidedly fastened together by serrated edges.

This kind of junction is met with in the thorax, and serves an important

purpose ; for at the point of union both i^lates are bent inwards, and pro-

longed internally, so as to form numerous partitions and processes, from

which the muscles moving the wings and legs derive extensive origins.

(759.) A second means whereby the pieces of the thorax are fastened

together is by symphysis, in which a somewhat soft membrane is inter-

posed between two plates, so as to admit of a slight degree of motion.

(760.) More extensive movement is required between the pieces
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which compose tlie abdomen ; for in this region that rigidity and firm-

ness -which are essential in the construction of the thorax would be

highly disadvantageous, inasmuch as the abdominal viscera must be

subject to constant variations in bulk, caused either by food taken into

the intestines, or, in the case of the female, by the development of the

eggs after impregnation. The rings of the abdomen are therefore united

by a membrane passing from one to another—but so loosely that the

edges of the individual plates wrap over each other to some extent, and
thus may be separated by the slightest pressure from within.

(761.) But in other regions there is an absolute necessity for a mode
of communication intermediate in character between the two kinds men-
tioned above, having neither the firmness of the one nor the mobility

of the other. This is more especially the case in the junction between
the head and the anterior segment of the thorax, and also between the

last-named segment and the middle piece of the thorax, in those cases

where these two parts are not joined by suture. The joint employed
in this case is of very beautiful construction, resembling in some respects

that formed by a ball and socket : a conical prolongation of one seg-

ment is admitted into a smooth cavity excavated in the corresponding

margin of the other, and secured in this position by muscles and an ex-
ternal ligament. Such an articulation is of course capable of being
firmly fixed by muscular action, but at the same time admits of sufficient

freedom of motion to aUow rotation in all directions.

(762.) The legs of insects, as we have already stated, are invariably
six in number, one pair being attached to each of the three thoracic
segments. Considered separately, every leg may be seen to consist of
several pieces, connected together by articulations of diff"erent kinds,
which require our notice. The first division of the leg, or that in im-
mediate connexion with the thorax, to which it is united by a kind of
ball-and-socket joint enclosed in a strong membranous capsule and
possessing very various degrees of motion in different insects, is called
the hip (coxa)

; and upon this, as upon a centre, the movements of the
limb are performed. To the extremity of the cocca a small moveable
piece is attached, called the trocJianter ; to which succeeds the thigh
(femur), which is the thickest and most robust of aU the divisions of
the limb. The next piece, caUed the shank (tibia), is occasionaUy of
considerable length, and is connected to the last by a hinge ; to its
extremity is appended the foot (tarsus), composed of a consecutive series
of small segments, varying in number from five to one, the last of which
is armed with claws or other appendages, adapted to different kinds of
progression. These divisions of the leg the reader wiU easily recognize

;

they are for the most part united together by articulations so constructed
as to aUpw simply of flexion and extension, which will be best under-
stood by inspecting, in some large insect, the junction between the femur
and the tibia, or the knee-joint, as we might term it. Upon the upper
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extremity of the tibia the observer will find on each side a precisely semi-

circular farrow, behind which is a concentrical but smaller ridge, and

still further back a circular depression or fossulet. On examining the

corresponding surfaces of the femur, he will detect a ridge accurately

corresponding to the above-mentioned furrow, behind this a furrow

Fig. 223.

Sfcick-inBect (Phasma), in which the points of attachment and divisions of the legs are
easily recognizable.

corresponding to the preceding ridge, and still further back a minute

elevation adapted to the fossulet of the tibia, wherein it is fastened by a

minute but very strong ligament. Such ridges and grooves, when fitted

into each other, form a joint evidently admitting of a free and hinge-

like motion, while, from its structure, dislocation is almost impossible.

(763.) The above general description of the leg of an insect will

prepare us to examine various modifications in outward form and

mechanical arrangements by which these simple organs are adapted to

progression under a great diversity of circumstances. When, indeed,

we reflect how extensively this class of animals is distributed, and the

variety of situations in which insects live, we are led to expect corre-

sponding adaptations in the construction of their instruments of loco-

motion ; and in this our expectations will not be disappointed.

(764.) In the generality of terrestrial species, the last segment of

the tarsus or foot is provided with a pair of strong horny hooks, which

are available for many purposes, being used either for creeping upon

a moderately rough surface, for climbing, or for clinging to various

substances.

(765.) Such simple hooks, however, would not always serve. In the

case of the louse (PecUculus) for example, that is destined to climb

slender and polished hairs, such jwehensile organs could be of Httle use.

The structure of the foot is therefore modified : the tarsus in this insect

terminates in a single moveable claw, which bends back upon a tooth-

like process derived from the tibia, and thus forms a pair of forcc]>s,

fitted to grasp the stem of the hair and secure a firm hold. The Water-
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measurers (Ili/drometridce) are, many of them, able to walk with facility

upon the surface of water. This faculty seems to depend entirely upon

the presence of minute hairs distributed over the tarsus, and imbued

Fig. 224.

Water-measurer ( Gems. )

with some oily secretion
; by wetting them with spirit of wine their

faculty of repelling the water is immediately destroyed,

(766.) Many insects, especially those of the Dipterous order, are able

Fig. 225.

Feet of inseotB :-a, f, D^Hcus. h, Bibiofebrilis. c, Musca domesHca. D, ambex lutea.
E, Abyssinian G-rasshoijper.

to ascend the smoothest perpendicular planes, or even to run with
facUity, suspended by their feet, in an inverted position, along substances
which, from their polished surfaces, could afford no hold to any appa-
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ratus of forceps or booklets. In tlie common flies (Musddce), the exer-

cise of this facility is of such everyday occurrence that, wonderful as it

is, it scarcely attracts the attention of ordinary observers. The foot of

the House-fly, nevertheless, is a very curious piece of mechanism
;

for,

in addition to the recurved hooks possessed by other climbing species, it

is furnished with a pair of minute membranous flaps (fig 225, c), which,

under a good microscope, are seen to be covered with innumerable hairs

of the utmost delicacy : these flaps (or suckers, as they might be termed)

adhere to any plane surface with sufficient tenacity to support the whole

weight of the fly, and thus confer upon it a power of progression denied

to insects of ordinary construction.

(767.) In Bibio febrilis (fig. 225, b), the sucking-disks appended to

the foot are three in number ; and a similar arrangement occurs in

other Dipterous insects.

(768.) In Gimbex lutea (fig. 225, n) the arrangement of the suckers

is different, one large and spoon-shaped disk being attached to the

extremity of each tarsal joint. Moreover in this case there is another

singular structure : two spur-like organs project from each side of the

extremity of the tibia, each being provided with a sucking-disk, while

the two together form a strong prehensile forceps.

(769.) In some Water-beetles (Dyticidce) the feet are armed with

a still more elaborately constructed apparatus of suckers ; but in this

case, as they are only met with in the male insect, they perhaps ought

Fig. 226.

Locust (Locusta).

rather to be looked upon as a provision made for the purpose of securely

holding the female during sexual union, than as being specially con-

nected with locomotion.

(770.) In the anterior legs of the male Dyticus the first three joints

of the tarsus are excessively dilated, so as to form a broad circular

palette : on examining the inferior surface of this expanded portion

under a microscope, it is seen to be covered with an immense number of

sucking-cups (fig. 225, r), two or three being much larger than the

rest ; but they form collectively a wonderful instrument of adhesion.

(771.) The middle pair of legs of the same beetle (fig. 225, a) exhibit
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a somewhat similar structure ; but in this case the disk upon which the

sucking-apparatus is placed is much elongated, and the suckers are all

of smaU dimensions,

(772.) In the female Dyticus this configuration of the tarsus is

wanting ; and moreover the surface of the back is marked with deep

longitudinal grooves that do not exist in the male insect, but seem to be

an additional provision for facilitating the intercourse of the sexes in

these powerful aquatic beetles.

(773.) Another mode of progression common among insects is by
leaping, to which, from their extraordinary muscular power, these little

beings are admirably adapted. The common Flea, for example (Pulex

irntans) (fig. 221), will leap two hundred times its own length ; and
many Orthoptera possess a power of vaulting through the air scarcely

less wonderful, of which the Cricket afibrds a familiar instance. In such

insects ( 227, a, b) the thighs of the posterior legs are enormously

Kg. 227.

Metamorphosis of House-ericket ( Gryllus domesticua). A, imago
; B, pupa ; C, D, larva

; li!, eggs.

dilated, and the length of these limbs is much greater than that of the
anterior pair. When disposed to leap, such insects bend each hind leg,

so as to bring the tibia into close contact with the thigh, which has
often a longitudinal furrow, armed on each side with a row of spines, to
receive it. The leg being thus bent, they suddenly unbend it with a
jerk, when, pushing against the plane of position, they spring into the
air*. ,In many of these saltatorial tribes the tarsus is furnished wil,h
very curious appendages, either provided for the purpose of obviating

* Kirby and Spencc, Introduction to Entomology, 4 vols. 8vo.
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any jar when the animal alights from its lofty leaps*, or else they may
act like firm cushions, adapted, hy their elasticity, to give greater efi'ect

to the spring which raises the insect from the ground. In the magni-
fied view of the tarsus of an Abyssinian Grasshopper (fig. 225, e) the

arrangement of these organs is well exhibited.

(774.) The next modification in the structure of the legs is met with

in such species as burrow beneath the surface of the ground, of which
mode of progression the most remarkable example is seen in the Mole-

cricket (Gryllotalpa vulgaris) (fig. 228). In this creature, the anterior

Fig. 228.

Mole-cricket {Gryllotalpa vulgaris).

segment of the thorax, whereunto the fore legs are appended, is won-

derfully enlarged and of great strength, while the legs themselves are

equally remarkable for their enormous bulk and muscularity. The tibia

is excessively dilated, and terminates obliquely in four sharp and strong

spines. The whole of the tarsus would, at a first glance, appear to be

wanting ; but on inspection it is found to consist of three joints placed

upon the inner side of the tibia, the first two being broad and tooth-

shaped, while the last piece is very smaU. and armed with two hooks.

The direction and motion of these hands is outwards, thus enabling the

animal most eff'ectually to remove the earth when it burrows ;
and, bj

the help of such powerful instruments, it is astonishing how rapidly it

buries itself f.

* Sir E. Home, Phil. Trans. 1816.

t Kirby and Spcnoe, Introcl. to Ent. vol. ii. p. p. 362.
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(775.) Similar examples of adaptation in the mechanical structure of

the legs of insects might be multiplied iudefiuitcly ; we shall, however,

select but one other illustration before leaving this part of our subject,

namely the conversion of these organs into instruments for swim-

ming, whereby, in aquatic insects, they become adapted to act as oars.

Nothing is, perhaps, better calculated to excite the admiration of the

student of animated nature than the amazing results obtained by the

slightest deviations from a common type of organization ; and in ex-

amining the changes required in order to metamorphose an organ which

we have already seen performing such a variety ' of offices into a fin

adapted to an aquatic life, this circumstance must strike the mind of

the most heedless observer. The limbs used in swimming exhibit the

same parts, the same number of joints, and almost the same shape, as

those employed for creeping, climbing, leaping, and numerous other

purposes
; yet how different is the function assigned to them ! In a

common "Water-beetle already referred to, the Dyticus marginalis

(fig. 229), the two anterior pairs of legs, that could be of small service

Fig. 229.

Metamorphosis of Dyticus marginalis.

as instruments of propulsion, are so small as to appear quite dispropor-
tionate to the size of the insect, while the hinder pair are of great size
and strength

;
the last-mentioned limbs are, moreover, removed as far

backwards as possible, by the development of the hinder segment of the
thorax, in order to approximate their origins to the centre of the body •
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and the individual segments composing them are broad and compressed,

80 as to present to the water an extensive surface, which is still further

enlarged hj the presence of flat spines appended to the end of the tibia,

as well as of a broad fringe of stiff hairs inserted all around the tarsus.

The powerful oars thus formed can open until they form right angles

with the axis of the body, and from the strength of their stroke are well

adapted to the piratical habits of their possessors, who Avage successful

Fig. 230.

Metamorphosis of Water-boatman (Notoneeta).

war, not only with other aquatic insects and worms, but even with small

fishes, the co-inhabitants of the ponds wherein they live.

(776.) The same principles are carried out even more perfectly in

the construction of the swimming-legs of the "Water-boatman (Noto-

neeta), a kind ofwater-bug. The resemblance of this creature (fig. 230)

to a boat with its oars cannot escape the most inattentive examiner

;

and the similarity is still further increased by its manner of swimming ;

for, as it preys upon insects that have been accidentally drowned by

falling into the water, it usually rows itself about upon its back, because

in such a position it can best watch for its victims.

(777.) The wings of insects, when present, are invariably attached

to the two posterior segments of the thorax, which, as we have already

seen, are strengthened in every possible manner, so as to afibrd a sup-

port of sufficient density and firmness to sustain the violent exertions

of the muscles inserted into the organs of flight.

(778.) In the most perfectly organized families the wings are four in

number, as in the Neuroptera (fig. 211), the Hymenoptera (fig. 213),

the Orthoptera (fig. 227), the Dictyoptera, the Hemiptera (fig. 230),

the Lepidoptera (fig. 215), and the Coleoptera (fig. 229).

(779.) In the Dipterous insects there are only two wings, which are

fixed upon the central segment of the thorax ;
while, in the position
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usually occupied by the posterior pair, wo find a pair of pedunculated

globular bodies, generally named the halteres or poisers, as in the Gnat

(%. 279).

(780.) But, in every
J^>g.-dJ.

one of the orders above

enumerated, there are

certain families which,

throughout the whole

period of their existence,

are never provided with

wings; and these bymany
entomologists have been

formed into an order by
themselves, under the

name of Apterous insects.

Sixch an arrangement is

purely artificial, inasmuch

as it must embrace insects

of most dissimilar kinds.

In proof of this, in the

same family we not un-

frequently meetwith both

winged and apterous spc- Metamorphosis of Telephorusfusctis.

cies, nearly related to each other ; and in many cases the males possess
wings, while the females of the same insect are entirely destitute of
such appendages. In such cases, the metamoriDhosis is necessarily what
is called incomplete, inasmuch as the organs which characterize the per-
fect state are not developed. Thus, in the Flea (Pulex irritans) (fig. 232)
the wings never become apparent, and in consequence the thorax, even
in the imago state, does not exhibit that development and consoHdation
of its parts invariably met with in winged genera. The Flea, however,
cannot on this account be looked upon as any other than the imago or
complete insect

;
for it wiU be found' to have undergone all the prepara-

tory changes. The Flea, when it issues from the egg, is in fact a worm-
like and footless larva, in which condition it Hves about twelve days,men about to become a pupa, it spins for itself a little silky cocoon,
wherein it conceals itself untH, having thrown off its last skin, it appears
in Its mature form, deprived apparently of wings, that, under the cir-
cumstances m which it Hves, would be useless appendages, but still,
\vith this exception, corresponding in every particular with other insectsm their imago state (fig. 232).

(781.) The wings of insects differ much in texture: In the Neiiro-
ptera, by far the most powerful fliers met with in the insect world aU
four wings are of equal size, and consist of a thin membranons expansion
ot great deHcacy and of a glassy appearance, supported at all points by

Y
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a horny network (fig. 211). Few things are met with in nature more

admirable than these structures
;
they present, indeed, a combination of

strength and lightness absolutely unequalled by any thing of human in-

vention ; and as instruments of flight they far surpass the wings of birds,

both in the power and precision of their movements, inasmuch as these

Fig. 232.

Pulex irritans.

insects can fly in all directions—backwards, or to the right or left, as

well as forwards. Leeuwenhoek* narrates a remarkable instance in

which he was an eye-witness of the comparative capabilities of the

Dragonfly and the Swallow, as regards the perfection of their flight.

The bird and the insect were both confined in a menagerie about a

hundred feet long, and apparently their powers were fairly tested. The

swallow was in full pursuit ; but the little creature flew with such asto-

Disbing velocity, that this bird of rapid flight and ready evolution was

unable to overtake and entrap it—the insect eluding every attempt,

and being generaUy six feet before it. " Indeed," say the authors

from whom we quote the above anecdote t, " such is the power of the

long wings by which the Dragonflies are distinguished, and such the

force of the muscles which move them, that they seem never to be

wearied with flying. I have observed one of them {Anax imperator,

Leach) sailing for hours over a piece of water—sometimes to and fro,

and sometimes wheeHiig from side to side, and aU the whHe chasing,

capturing, and devouring the various insects that came athwart its

course, or driving away its competitors—without ever seeming tired or

inclined to alight."

(782.) In Hymenopterous insects (flgs. 213 and 260) the wmgs are

much more feebly organized, but. their structure is simUar. The ner-

vures, or horny ribs supporting the membranous expansion, are com-

paratively few ; and in the Diptera they are still less niimerous.

(783.) In several orders the anterior pair of wings are converted into

shields for the protection of the posterior ; such is the case in the Ortho-

ptera, many of the Hemiptera, and more especiaUy in the Coleopterous

genera. In the latter, indeed, they are very dense and hard; and,

* Bpist. 0, Mart. 1717. t Kii-by and Spence, op. cif. vol. ii. p. 351.
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being nearly unserviceable in flight, the hinder pair are necessarily de-
veloped to such a size as to present a very extensive surface (fig, 233),

Fig. 233,

Stag beetle (Zucanus).

and when in repose are closely folded up beneath the elytra, and thus
carefuHy preserved from injuries, to which they would be constantly
exposed without such provision for their security.

(784,) The above observations relate only to the general disposition
and connexion of the different parts of the skeleton, and the locomotive
appendages connected with it ; it remains for us now to speak moreMly of the texture of the external integument and the modifications
wluch It presents, adapting it to various purposes,

(785.) The hard covering of an insect, like the skin of vertebrate
ammals,_ consists of three distinct layers. The outer stratum, or epi-
denrns, is smooth, horny, and generaUy colourless, so that it forms a
dense inorganic film spread over the whole surface of the body, Lnme
diately beneath the epidermis is a soft and delicate film, the rete mu-c^um which is frequently painted with the most lively hues, and gives
the characteristic colouring to the species. The third and principal layer
18 the true skin, or cutis, which is generally of a leathery texture, and
especiaUy in the elytra of Beetles, of considerable thickness : this layer
IS abundantly supplied with nutritive juices ; and in its substance the
bulbs of hairs, scales, and similar appendages, to be described here-
after, are imbedded and nomishcd.

(786,) The wings are mere derivations from this common coveriuo-
and are composed of two delicate films of the epidermis, stretched upona strong and netlike framework. Every membranous wing is, in fLta delicate bag formed by the epidemic layer of the integumen;, and in

Y 2
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the recently developed insect can be distinctly proved to be such by

simply immersing the newly escap'ed imago iu spirit of wine, which

gradually insinuates itself between the still fresh and soft membranes,

and, filling the canity enclosed between them, distends the organ until

it represents a transparent sacculus, in wbich the ribs or nervvircs of

Fig. 234.

Chrysalids showing the progressive stages of the escape of a Butterfly from its pupa-case.

the wing are enclosed*. This structure, however, is only to be displayed

while the wings, after being withdrawn from the pupa-case, are stUl

soft and moist ; for they soon become so intimately united with the

horny framework upon which they are extended, that they seem to form

a single membranous expansion.

(787.) The ribs, or nervures, whereby the two plates of the wing are

thus supported, are slender hollow tubes, fiUed with a soft parenchyma:

in the interior of some there may be detected an air-vessel (recogni-

zable by the texture of its walls) and a minute nervous filament.

(788.) We have still, in order to complete our description of the ex-

ternal anatomy of an insect, to describe certain appendages which not

unfrequently clothe the exterior of the body, and exhibit great diversity

of appearance in different tribes. These may be divided into spines,

hairs, and scales.

(789 ) The spines are horny processes developed from the epidermis,

and sometimes, especially in the Coleopterous order, as in some lamel-

licoru Beetles, are of considerable dimensions. These spines are some-

times bifurcated or branched ;
but, whatever their shape or size, they

never grow from bulbs implanted in the cutis, but are mere prolonga-

tions of the integument.

(790 ) The hairs appear to resemble those of quadrupeds in their

mode of growth, inasmuch as they are secreted from roots imbedded in

^ Heusinger, System der Histologie, 2, Heft. Burmeister, o^. cit. p. 224.
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the substance of the cutis or true skin : they are fine horny cylinders,

and frequently are found to be branched and divided like the feathers

of birds
; but the manner of their formation will be more conveniently

discussed hereafter.

(791.) The wings of the Lepidoptera are covered with minute flat

scales of various shapes, and not unfrequently tinted with the most

beautiful colours ; such scales, nevertheless, are in reality only flattened

hairs, into which, indeed, they frequently degenerate by insensible trans-

itions
;
and, moreover, they grow from bulbs of precisely similar con-

struction. The variety of colours exhibited by the scales of a Butterfly

depends upon a film of pigment interposed between the two plates of

transparent epidermic matter forming each ; but the gorgeous hues de-

rived from this source must not be confounded with the iridescent tints

for which they are not unfrequently remarkable, as these have a very
different origin : the surface of every scale, that with the changing light

reflects evanescent prismatic colours, is seen, when examined under a
microscope, to be marked with regular parallel strige of exquisite minute-
ness ; and such a surface, even when grossly imitated by human art,

has been found to give rise to the brilliant appearances exhibited by
polarised light.

(792.) In some remarkable instances the wings of insects seem given
merely for the purpose of disguise—as, for example, in the case of the

Fig. 2.35.

Mantis religiosa.

Leaf-insects {Manticlce). No manufacturer of artificial flowers could more
successfuUy imitate the twigs and sprays of plants than these insects are
made to counterfeit the branches and the foliage of the shrubs they fre-
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quent, so that, while in their natural haunts, it is next to impossible for the

most practised eye to distinguish them from the leaves in their vicinity.

(793.) The muscular system of insects has always excited the wonder

and astonishment of the naturalist, in whatever point of view he exa-

mined this part of their economy—whether he considered the perfection

of their movements, the inconceivable minuteness of the parts moved, or

the strength, persistence, or velocity of their contractions. Insects are

proverbially of small comparative dimensions—" minims of nature "

" that wave their limber fans

For wings, and smallest lineaments exact,

In all the liTeries deck'd of summer's pride."

Their presence, indeed, around us is only remarked as conferring addi-

tional life and gaiety to the landscape ; and except when, by some in-

ordinate increase in their numbers, they make up by their multitude for

their diminutive size, the ravages committed by them are trifling and

insignificant. Far otherwise, however, would it be if they attained to

larger growth, and still possessed the extraordinary power with which

they are now so conspicuously gifted; they would then, indeed, become

truly the tyrants of the creation—monsters such " as fables never

feigned or fear conceived "—^fully adequate to destroy and exterminate

from the surface of the earth all that it contains of vegetable or of

animal life.

(794.) We have already seen that the Flea or the Grasshopper vrill

spring two hundred times the length of its own body—that the Dragon-

fly possesses such indomitable strength of wing that for a day together

it will sustain itseK in the air, and fly with equal facihty and swiftness

backwards or forwards, to the right or to the left, without turning—that

the Beetles are encased in a dense and hard integument, impervious to

ordinary violence; and we might add that the Wasp and the Termite Ant

will penetrate with theirjaws the hardest wood. Neither is the velocity

of the movements of insects inferior to their prodigious muscular power.

" An anonymous writer in Nicholson's Journal calculates that in its

ordinary flight the common House-fly (Musca domestica) makes with its

wings about six hundred strokes, which carry it 5 feet, every second
;

but if alarmed, their velocity can be increased six- or sevenfold, or to

30 or 35 feet in the same period. In this space of time a race-horse

could clear only 90 feet, which is at the rate of more than a mHe a

minute. Our little Fly, in her swiftest flight, wHl in the same space

of time go more than the third of a mile. Now, compare the infinite

difference of the size of the two animals (ten millions of the Fly would

hardly counterpoise one racer), and how wonderful wiU the velocity of

this minute creature appear ! Did the Fly equal the race-horsem size

and retain its present powers in the ratio of its magnitude, it would

traverse the globe with the rapidity of lightning"*.

* Kirby and Spence, op. cit. vol. ii. p. 358.
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(795.) Let the reader, therefoi'e, imagine for an instant that great

law of nature, which restricts the dimensions of an insect within certain

hounds, dispensed with even in a single species. Suppose the Wasp or

the Stag beetle dilated to the bulk of a tiger or of an elephant—cased

iu impenetrable armour—furnished with jaws that would crush the solid

trunk of an oak—-winged, and capable of flight so rapid as to render

escape hopeless ; what could resist such destroyers ? or how would the

world support their ravages ?

(796.) Such is the comparative strength of insects. Let us now pro-

ceed to examine the muscles to which it is owing, their structure and
general arrangement.

(797.) The muscles consist of bundles of delicate fibres, that arise

either from the inner surface of the segments composing the skeleton, or

Fig. 236.

Metamorphosis of the Elder-moth (PhaftBim sambucaria), showing the attitudes of the
Caterpillars called "Loopers."

else from the internal horny septa which project into the thorax. The
fibres themselves are of a white or yeUow colour ; and so loosely are
they connected by cellular tissue, that they may be separated by the
slightest touch.

^
(798.) All the muscles of an insect may be arranged in two great

divisions—the first including those that unite the different segments of
the body, the second those appropriated to the movements of the limbs,
jaws, and other appendages. The former are entirely composed of fleshy
fibres

;
the latter are provided with tendinous insertions, by which their

force is concentrated and made to act with precision upon a given point
of the skeleton.

(799.) The connecting muscles are generally arranged in broad parallel
bands, arising from the inner surface of a given segment, and passing
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Fig. 237.

on to be inserted in a similar manner into another segment, so that by

their contraction the cavity in which they are lodged is diminished by

the approximation of the different rings : these have no tendons.

(800.) The locomotive muscles, of course, take their character from

the joints of the limb upon which they act ; and as we have already

seen that these movements are generally confined to those of a hinge,

the muscular fasciculi may be conveniently grouped into two great

classes

—

the flexor muscles, that bend the joint, and the extensors, by

which it is again straightened, and brought back to its former position.

This simple arrangement will be best understood by an inspection

of fig. 237, representing the muscles of the leg

of a Cockchafer (^Melolontha vulgaris), as they

are depicted by Straus-Diirckheim*. In the

thigh, for example, there are two muscles, one

of which bends, the other straightens, the tibia.

The flexor (fig. 237, a) arises from the lining

membrane of the femur, and is inserted by a

tendon into a process of the tibia in such a

manner as to flex the leg upon the thigh ; while

its antagonist (6), attached to a process derived

from the other side of the joint, has an oppo-

site effect, and by its contraction extends the

leg. In the tibia there are likewise two mus-

cles, so disposed as to move the entire tarsus

and foot. The extensor (/) of the tarsus is

the smallest ; it arises from the lower half of

the interior of the tibia, and is inserted into the

margin of the first joint of the tarsus : but the

flexor of the foot (c), arising from the upper

half of the cavity of the tibia, ends in a delicate

tendon, which passes through all the tarsal

segments, to be fixed to the flexor tendon of the

claw-joint, upon which it acts; and as it tra-

verses the penultimate joint it receives the

flbres of an accessory muscle {d). The extensor

of the claw {e) is likewise placed in the penul-

timate tarsal segment, and strikingly exhibits,

by its small comparative size, the feebleness of

its action when compared with that of the

flexors of the same joint.

(801.) It would be superfluous to describe

more in detail the disposition of individual muscles, as the above

example will abundantly suffice to give the reader an idea of the

* Considerations g^nerales sur I'Anatomie compar^o des Animanx articules, aux-

quelles on a joint I'Anatomie descriptive da Hanneton. ] vol. 4to. Paris, 1828.

Muscles of the leg ofa Cock-

chafer (3Ielolo7ilha vulgaris):

a, flexor, and 5, extensor of

the tibia ;
e, flexor of the foot;

d, its accessory muscle ; e, ex-

tensor of the claw \f, extensor

of the tarsus.
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general arrangement of the muscular system, not in insects only, but in

all the Articulata provided with jointed extremities.

(802.) The substances employed as food 'by insects are various, in

proportion to the extensive distribution of the class. Some devour the

leaves of vegetables, or feed upon grasses and succulent plants ; others

destroy timber, and the bark or roots of trees ; while some, more deli-

cately organized, are content to extract the juices of the expanding buds,

or sip the honeyed fluids from the flowers. Many tribes are carnivo-

rous in their habits, armed with various weapons of destruction, and
carry on a perpetual warfare with their own or other species ; and again,

there axe countless swarms appointed in their various spheres to attack

all dead and putrefying materials, and thus to assist in the removal of

substances which, by theii- accumulation, might prove a constant source

of annoyance and mischief. Such differences in the nature of their food

demand, of course, corresponding diversity in the construction of the in-

struments employed for procuring noui'ishmeut ; and accordingly we find,

in the structure of the mouths of these little beings, innumerable modifi-

cations adapting them to different ofiices. The mouths of all creatures

are constructed upon purely mechanical principles ; and in few classes of

the animal world have we more beautiful illustrations of design and con-

trivance than in that before us : jaws armed with strong and penetrating
hooks for seizing and securing active and struggling prey—sharp and
powerful shears for clipping and divi- pjg 233
ding the softer parts of vegetables

—

saws, files, and augers for excavating

and boring the harder parts of plants

—lancets for piercing the skin of

living animals— siphons and sucking-

tubes for imbibing fluid nutriment

—

all these, in a thousand forms, are met
with in the insect world, and thus pro-

vide them with the means of obtain-

ing food adapted to their habits, and
even of constructing for themselves

edifices of inimitable workmanship.

(803.) Parts of the mouth. The Head of Cockroach (Blatia), showing the

mouths of insects may be divided into
' ''i'p^'" (^«*"'™);

•' °. Jower hp (Zaftiitm); ti, labial palpi; e, man-
two great classes;—those which are dible8;/,maxilloe; y.maxiUary palpi.

adapted for biting, forming what is called a perfect or mandibulate mouth

;

and those which are so constructed as only to be employed in sucking,
constituting the suctorial, haustellate mouth. It is in the former of
these divisions that all the parts composing the oral apparatus are most
completely developed

; we shall therefore commence by describing the
different pieces of which a perfect mouth consists, viz. an upper and an
under lip, and four horny jaws. We select the mouth of the Drao-on-
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fly (fig 239, a) as an example. The upper lip (labrum, b) is a some-

what convex corneous plate, placed transversely across the upper margin

of the cavity wherein the jaws are lodged, so that, when the mouth is

Fig. 239.

Mouth of the Dragonfly. A, head entire ; B, labrum ; C, mandibles
;
D, lingua

;

E, labium ; F, maxilla.

shut, it folds down to meet the under lip (labium) ; and these two pieces

more or less completely conceal the proper jaws, which are lodged

between them.

(804.) The upper pair of jaws (manclihulce) are two hard and powerful

hooks (fig. 239, c), placed immediately beneath the upper lip, and so

articulated with the cheeks that they move horizontaUy, opening and

shutting like the blades of a pair of scissors. Their concave edge is

armed with strong denticulations of various kinds, sometimes furnished

with cutting edges that, Hke sharp shears, wiU cHp and divide the

hardest animal and vegetable substances ; sometimes they form sharp and

pointed fangs, adapted to seize and pierce their victims;^ and not unfre-

quently they constitute a series of grinding-surfaces, so disposed (like the

molar teeth of quadrupeds) as to triturate and bruise the materials used

as food. The variety of uses to wHch these mandibles can be turned is

indeed amazing. In the carnivorous Beetles, their hooked points, more

formidable than the teeth of the tiger, penetrate with ease the mailed

covering of their stoutest congeners ; and in the Dragonfly they axe

scarcely less formidable weapons of destruction. In the Locust tribes

these organs are equally efficient agents in cutting and masticating leaves

and vegetable matters adapted to their appetites ;
while in the Wasps

and Bees they form the instruments with wHch these insects build

their admirable edifices, and, to use the words of a popular author, supply

the place of trowels, spades, pickaxes, saws, scissors, and knives, as the

necessity of the case may require.
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(805,) Beneath the mandibles is situated another pair of jaws, of

similar construction, but generally smaller and less powerful ; these are

called the maAnllce (fig. 239, r).

(806.) The lower lip, or labium (fig. 239, e), which closes the

mouth inferiorly, consists of two distinct portions, usually described

as separate organs :—the chin (mentum), that really forms the inferior

border of the mouth ; and a membranous or somewhat fleshy organ,

reposing upon the chin internally, and called the tongue (lingua) of the

insect (n).

(807.) All these parts enter into the composition of the perfect mouth
of an insect, and, from the numerous varieties that occur in their shape

and proportions, they become important guides to the entomologist in

the determination and distribution of species. For more minute details

concerning them, the reader is necessarily referred to authors who have
devoted their attention specially to this subject ; we must not, however,
omit to mention certain appendages or auxiliary instruments inserted

upon the maocillce and the labium, usually named the palpi, or feelers,

and most probably constituting special organs of touch, adapted to faci-

litate the apprehension and to examine the nature of the food. The
maxillary feelers (palpi maccillares) are attached to the external margin
of the maxillae by the intervention of a small scale and very pliant

hinge, and consist of several (sometimes six) distinct but extremely
minute pieces articulated with each other. The labial feelers (palpi
laUales) are inserted into the labium close to the tongue, or occasionally

upon the chin (mentum) itself. The joints in the labial palpi are gene-
rally fewer than in the maxillary ; but in other respects their structure
and oflSce appear to be the same.

(808.) In the suctorial orders of insects we have the mouth adapted
to the imbibition of fluid nutriment, and consequently constructed upon
very opposite principles

; yet, notwith-

standing the apparent want of resem- -^^S- 240.

blance, it has been satisfactorily de-

monstrated by Savigny * that the parts

composing a suctorial mouth are funda-

mentally the same as those met with
in the mouths of mandibulate insects,

but transformed in such a manner as to

form a totally dififerent apparatus. Proboscis of the HiTe-bee {ApU melHJica).

(809.) According to the distinguished authors of the ' Introduction
to Entomology 't, there are five kinds of imperfect mouth, adapted to
suction, each of which will require a separate notice.

(810.) The first is met with among the Hemiptera, and is formed to
perforate the stalks and buds of vegetables, in order to procure the juices

* M^tnoires sur lea Animaux sans Vertebres. 8vo. Paris 1816.
t Kirby and Spence, vol. iii. p. 4fi3.
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which they contain
; or, in some bugs, it is employed to puncture the

integument of living animals for a similar purpose. This kind of mouth

is exhibited in fig. 241. First, there is a long jointed sheath (d), which

is in fact the lower lip (labium) considerably

elongated, and composed of three or. four parts

articulated together
;
secondly, there is a small

conical scale covering the base of the sheath

last mentioned, and representing the upper lip
;

and between these are four slender and rigid

bristles or lancets (scalpella) (c), that, when not

in use, are lodged in a groove upon the upper

surface of the sheath, so as to be concealed

from view. These lancets are, in reality,

only the mandibles and maxiUse strangely

altered in their form and excessively length- Head of Water-boatman (iVo-

ened, so as not merely to become efficient ^y*'^^

. . , > , . T 1 , p c, scalpella; d, elongated labium.

piercing instruments, but so disposea as to lorm

by their union a suctorial tube, through which animal or vegetable

fluids may be imbibed. This kind of mouth, when not employed, is

usually laid under the thorax, between the legs, in which position it is

easily seen in most Hemiptera and Homoptera (flg. 218). In some

families, as, for example, in the Plant-lice (Aphides), it is of extraordi-

nary length : thus, in the aphis of the oak it is three times as long as

the whole body of the insect, projecting posteriorly like a tail ; and in

the fir-aphis it is still longer.

(811.) The second kind of mouth is that met with among the Diptera;

and from its construction in some

tribes we may well understand

how they are enabled to become so

seriously annoying. The Gnat and

the Mosquito furnish sufficiently

well-known examples of the for-

midable apparatus in question,

which in the Horse-fly (Tahanus)

seems to attain its maximum of de-

velopment. The oral organs of the

Fig. 242.

Mouth of Gad-fly (ra6a)!««): a, cr, palpi; be.

Diptera are composed of:—a sheath giogg^^um ; d, d, cultelU ; e, e, scalpelli ;/, labium.

or proboscis, that represents the

lower lip of the mandibulate insects : it is sometimes coriaceous or horny

in its texture, in other cases (as in the common Flesh-fly) soft and mus-

cular and folds up when at rest in such a manner as to form two

angles, representing the letter Z. At the base of this sheath or pro-

boscis there is a small upper lip, between which and the sheath are

lodged the sette, knives, or lancets, which form such terrible instru-

ments for cutting or piercing the skin of their victims. These cutting
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parts vary in number from one to five ; when they are all present, the

upper pair (cidielU, or knives) represent the mandibles of a perfect

mouth, the two lower ones {scalpella, the lancets) are the maxillffi, the

fifth or middle piece (r/lossarium) is the tongue ; and between them all

is the oral opening. The strength of the above piercing instmments

varies greatly : in the Gnat they are finer than a hair, very sharp, and

Fig. 243.

Head of Plea (Fulex irrUaiis), showing the parts of the mouth : a, a, palpi ; 6, 6, triangular
plates

; c, c, mandibles
; d, d, maxillffi ; e, lingua.

barbed occasionally on one side ; while in the Gad-fly they are flat,

like the blades of a lancet or penknife (fig. 242) ; occasionally they
are so constructed as to form a tube by their union, through which the
liquid aUment is sucked up and conveyed into the stomach.

(812.) The mouth of the Flea, although described by Kii-by and
Spence as forming a distinct type of structure, difi'ers very little from

* Head of the Flea, as represented by the Solar microscope in Canada balsam •

dedicated by permission to the President and Members of the Entomological Society'
by W. Lens Aldous.
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Fig. 244.

that of the Diptera described above, as will be at once evident on in-

specting the figure in the preceding page, reduced from a beautiful

drawing by Mr. W. Lens Aldous.

(813.) In this insect the piercing organs are two sharp and razor-

like instruments (fig. 243, d, d), placed on each side of tbe elongated

tongue (e), and enclosed in a sheath (c, c), probably formed by pieces

representing the mandibles of mandibulate insects. Two palpi or

feelers {a, a) and a pair of triangulate plates (6, h) complete this re-

markable apparatus,

(814.) Another kind of mouth adapted to suction, and which seems

to differ more widely from the perfect form than any we have as yet

examined, is that which we meet with in Moths and Butterflies. This

singular organ is adapted to pump up the nectareous juices from the

cups of flowers, and is necessarily of considerable length, in order to

enable the insect to reach the recesses wherein the honeyed stores are

lodged. When unfolded, the apparatus in question represents a long

double whip-lash (fig. 244, abed); and if carefully examined under

the microscope, each division

is found to be made up of

innumerable rings connected

together, and moved by a

double layer of spiral mus-

cular fibres, that wind in

opposite directions around its

walls. "When not in use, the

proboscis is coiled up and

lodged beneath the head ; but

when uncurled, its structure

is readily examined. Each

of the two long filaments

composing this trunk (which,

in fact, are the representa-

tives of the maxilla} exces-

sively lengthened) is then

seen to be tubular
;
and, when

they are placed in contact, it

is found that their edges lock together by means of minute teeth, so as

to form a central canal leading to the orifice of the mouth. It is through

this central tube, formed by the union of the two lengthened maxillie,

that fluids are imbibed. Burmeister, however, asserts that the cavities

contained in each division likewise communicate with the commence-

ment of the oesophagus, so that the Lepidoptcra have, as it were, two

mouths, or rather two separate methods of imbibing nourishment—one

through the common canal formed by the junction of the wliip-liko

jaws, the other through the cavities of the filiform maxiUae themselves ;

Mouth of a Butterfly partially unfolded, a, its poiut

of attachment; b, spiral muscular walls; c d, its at-

tenuated extremity, showing its division into two

lateral halves.
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such an arrangement, however, which would be quite anomalous, may
reasonably be doubted. In this mouth, therefore, aU the parts, except

the maxiUsB, would seem at first sight to be wanting
;
they may never-

theless be detected upon a very careful examination, and rudiments of

the upper lip, of the mandibles, of the lower lip, as well as of the

labial and maxillary palpi, be distinctly demonstrated.

(815.) The last kind of mouth to which we shall advert is that met
with in the Louse-tribe (FecUculi)

; but, from the extreme minuteness
of the parts composing it, the details of its structure are only imperfectly

known. It seems to consist of a slender external tube, wherein a sharp
sucker, armed with barbs adapted to fix it securely during the act of
sucking, is lodged ; when feeding, the barbed piercer is denuded and
plunged into the skin, where it is retained until a sufficient supply of
nourishment has been obtained.

(816.) Inviting as the subject is, we are compelled, by the strictly

general character of our investigations, to abstain from entering upon
further details concerning the mouths of perfect insects, and consequently
to omit noticing innumerable secondary modifications in the mechanical
structure of the oral organs of these little animals. "When we turn
our attention to the consideration of their internal viscera, connected
with the preparation and digestion of so many different materials, we
may well expect to find equal variety of conformation

; and, in fact,
the course, dimensions, and relative proportions of the alimentary canal
will be seen to be different, to a greater or less extent, in almost every
species. Considered as a whole, the internal digestive apparatus of
insects must be regarded as a delicate membranous tube, in which the
digestion of the substances used as food is accompKshed partly by
mechanical and partly by chemical agency. For the former purpose,
gizzard-like muscular cavities are not unfrequently provided ; and to
fulfil the second, various fluids are poured into the canal in different
parts of its course. The arrangement of the cavities and the nature of
the secreting vessels, however, wiU be modified in conformity with the
necessities of the case, and certain parts will be found to exist, or to be
deficient, as circumstances may require ; it would be absurd, therefore,
to attempt to describe particular examples ; our observations must be
of general appHcation, and such as wiU enable the reader to assign its
proper function to any organ which may present itself to his notice.
The first part of the digestive apparatus is disposed in the same mannerm all insects, and is a slender canal arising from the mouth and passino-
straight through the thorax into the cavity of the abdomen

; this por-
tion represents the oesophagus (fig. 245, a a

; fig. 246, o). The stomach
and intestine succeed to this ; and if the body of the insect is very thin
their course also passes nearly in a direct line to the taU. But in those
famihcs which have the abdomen thick and largely developed, espe-
ciaUy if herbivorous, the intestine becomes much elongated and winds
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upon itsoK in various convolutions
;

nevertheless, however tortuous

the canal may be, its windings are never sustained by any mesentery

or peritoneal investment : the air-tubes (which, as we shall afterwards

see, j)ermoate the body in all directions) form a sufficient bond of con-

nexion, and one which is better adapted to the wants of these animak,

(817.) We must now examine more minutely the different portions

of which the alimentary canal may consist, premising at the same time

that the structures mentioned do not invariably exist together, as some-

times one part and sometimes another may be entirely wanting, or only

found in a very rudimentary condition. They are the crop, the gizzard,

the stomacJi, the small intestine, and the large intestine.

(818.) The crop, or suclcing-stomach, as it is caUcd by some writers,

is only met with in Hymenoptera, Lepidoptera, and Diptera—insects

which have no gizzard*. In Bees, Wasps, and other Hymenoptera, it

is a simple bladder-like distention of the oesophagus (fig. 245, h)
;

in

Butterflies and Moths it forms a

distinct bag, that opens into the ^" '

^ ^

side of the guUet (fig. 246, vv);

while in the Diptera it is a de-

tached vesicle, appended to the

oesophagus by the intervention of a

long thin duct. This organ, which

in Bees is usually called the honey-

bladder, is regarded by Burmeister

(who founds his opinion upon the

result of experiments made by

Treviranus upon living insects) as

b^ng not merely a receptacle for

food, resembling the craw of birds,

as Eamdohrt and Meckel consider

it, but as being a sucking instru-

ment for imbibing liquids, by be-

coming distended, as he expresses

it, and thus, by the rarefaction of

the air contained within it, facili-

tating the rise of the fluids in the proboscis and oesophagus. It must,

however, be confessed that there is somethiug very anomalous in the

idea of a delicate bag having the power of distending itself: its mus-

cular walls might indeed contract ; but that a thin sacculus should forci-

bly expand itself would be a fact new to physiology.

(819.) The gizzard is found in insects which possess mandibles and

live upon solid animal or vegetable substances. It is a small round

cavity with very strong muscular parietes, situated just above the

« Burmeister, op. cit. p. 1 25. Treviranus, Vermischte Schriften.

t Raindohr, Ucber die 7erdauungswerkzeuge der Jnsekten. Halle, 1811.

Alimentary canal of the Honey Bee, Aph-

mellipea : a a, oesophagus ; 6, the crop or suck-

ing-stomach ; cd d, the stomach proper ; e e.

small intestine ; /, large intestine ; ff,
anal ori-

fice ; h, h, biliary vessels; i, i, auxiliary glands.
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stomach properly so caUed, and, like the gizzard of granivorous birds,
IS employed for the comminution of the food preparatory to its intro-
duction into the digestive stomach. In order to etfect this, it is lined
internaUy with a dense cuticular membrane, and occasionaUy studded
with hard plates of horn, or strong hooked teeth, adapted to crush or
tear m pieces whatever is submitted to their action.

(820.) When bruised in the gizzard, the food passes on in the proper
stomach, which is generally a long intestiniform organ (fig. 245 d d)
exteiiding from the crop or gizzard to the point where the biliary vessels
discharge themselves into

the intestine. The size and Fig- 246.

shape of this organ varies, of
coiu'se, with the nature of
the food. Thus, in the But-
terfly, which scarcely eats at

aU, or sparingly sips the

honey from the flowers, it is

very minute (fig, 246, 6) ; but
in insects that live upon
coarse and indigestible ma-
terials, it is proportionately

elongated and capacious.

(821.) The stomach gene-
rally ends in the small in-

testine (fig. 245, e ; fig. 246,
i)

; but this is occasionaUy

entirely wanting, so that the

stomach seems to terminate

immediately in the colon or
large intestine, which is the
terminal portion of the ali-

mentary canal : when much
developed, the small intes-

tine is sometimes divided by
a constriction into two parts, to which the names of duodenum and

?T oT« T- '^P^^'^ entomological writers. The colon (fig. 245
/

;

fig. 246, Tc) IS separated from the small intestine by a distinct valve

'

and in connexion with its commencement a wide blind saccdus orcaecum is often met with.

(822.) We may now notice the secerning organs that pour fluids into
different parts of the digestive apparatus, beginning wii^ those whichE in fh. T'^'^^T-

"""^'^ '''' ^^'^ '^--^-nng

r82^^ tI^I'?^
occurrence as we proceed backwards.

hn t \
'"^'''"''y terminating in the nei-^hbourhood of the mouth itself, into which they seem to ;our 1 secret.;

z

Alimentary canal of a Butterfly : a a, proboscis
; p,mouth

;
m m, pharynx ;8p,sp, salivary glands

; o, cbso-
phagus; vv, crop, communicating by a canal (cf) with
the stomach proper (J z); i, small intestine; k large
intestine; g,g,g, hepatic vessels; h, n, their teiTnina-
tions in the vicinity of the pylorus.
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analogous to saliva. These glands are principally met with in suctorial

insects, but not unfrcquently among the mandibulate orders. Their

form varies ; but they are generally simple slender tubes, that float

loosely among the juices of the body, from which they separate the

salivary fluid. There are, for the most part, only two of these organs

(fig. 246, s s) ; but in fleas {Puleoc) and bugs (Cimecc) there are four

;

and in a water-bug (Nepa) there are six such vessels, all of which open

into the cavity of the mouth. The fluid supplied by the salivary glands

is usually merely intended to facilitate deglutition ; but there are cases

in which the saliva is excessively acrid and irritating, acting as a kind

of poison when infused into a puncture made by the mouth : this is

especially remarkable in many bugs and gnats, and is the chief cause

of the pain and inflammation frequently occasioned by their bite.

(824.) Besides the proper salivary vessels, there are other glands, or

rather cseca, opening into the stomach itseK, and occasionally covering

the entire surface of that organ, as is the case in some water-beetles

{Hydrophilus) : these, no doubt, secrete a fluid subservient to digestion

;

but whether of a pecidiar description, or allied to saliva in its proper-

ties, is unknown,

(825.) The third kind of auxiliary vessels connected with the in-

testinal canal of insects are supposed to furnish a secretion analogous to

the bile of other animals, and consequently to represent the liver. These

hile-vessels (flg. 245, hh;&g. 246, g g) are generally four, six, or eight

in number, but occasionally much more numerous ;
they are usually of

great length, but exceedingly slender, and wind around the intestine in

all directions. When unravelled, they are found to terminate in the

neighbourhood of the pylorus (flg. 246, 7i, n), close to the commencement

of the intestine, at which point the secretion produced by them is mixed

with the food after it has undergone the process of digestion.

(826.) Appended to the termination of the alimentary tube, close to

its anal extremity, other vessels are met with in some insects, that are

looked upon by authors as being allied in function to the kidneys of

higher animals ; but apparently this opinion rests upon very doubtful

grounds. They indubitably furnish some secretion, the use of which is

perhaps connected with defecation ; but that it is of the same character

as the fluid separated by the renal organs of Vertebrata may weU be

called in question, as no such parts are distinctly recognizable until we

arrive at much more elevated forms of life than the insects we are now

considering. There is, however, another reason for rejecting the opinion

that these accessory vessels secrete urine; and that is, that they are only

met with in a few beetles and some species of Orthoptera— a circum-

stance that alone would be sufficient to disprove such a supposition.

(827.) In the vertebrate animals, as the reader is well aware, the

nutritious products of digestion are taken up by a system of absorbing

vessels that ramify extensively over the coats of the intestine
;
and the
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nutriment is thus conveyed into the mass of the circulating fluid by

ducts appropriated specially to this office : in animals of less perfect

structure than these, such as the Mollusca, the veins themselves absorb

the nutritive materials. But in insects, in which we find neither ab-

sorbents nor veins, a different arrangement is necessary, and, in the

little creatures before us, nutrition appears to be carried on by the

simple transudation of the chyle through the coats of the intestine ; so

that it escapes into the general cavity of the abdomen, where, as we
shall see when we examine the arrangement of their circulating organs,

it is immediately mixed up with the blood. This transudation has

indeed been actually witnessed by Ramdohr and Eengger*, and even

analyzed by the last-mentioned physiologist, who found it to consist

almost entirely of albumen.

(828.) The respirator
t/
organs of the Insecta, as well as their circu-

latory apparatus, are arranged upon peculiar principles, and are evi-

dently in relation with the capability of flying which distinguishes these

minute yet exquisitely constructed animals. Any localized instruments

for breathing, whether assuming the shape of branchise or lungs, would

materially have added to the weight of the body, and moreover have

rendered necessary an elaborate apparatus of arteries and veins for con-

veying the blood to and fro for the purpose of purifying it by securing

its exposure to the influence of air. By the plan adopted, however, all

these organs are dispensed with ; and the organs of respiration, so far

from increasing the weight of the animal, actually diminish its specific

gravity to the greatest possible extent. The blood in insects is not

brought to any given spot to be exposed to oxygen ; but the air is con-

veyed through every part of the system by innumerable tubes provided

for that purpose ; and thus all the complicated parts usually required

to form a vascular system are rendered unnecessary. These observa-

tions, however, only apply to the insect in its perfect state ; for in the

larva- and pupa-conditions, where flight is not possible, various additional

organs, frequently of. considerable bulk, are provided, that we shall

speak of in another place. If we examine the external skeleton of any
large insect (a beetle, for example), we shall find, between the indi-

vidual segments of the body, minute apertures or pores {spiracles) through
which the air is freely admitted : these openings, normally ten in

number on each side of the body, are situated in the soft membrane
interposed between the different rings, and not in the rings themselves,

—

a provision for the purpose of allowing their orifices to be opened or

closed at pleasure, instead of being rigid and motionless. The margin
of the spiracle is frequently encompassed by thick horny lips, moved by
muscles provided for the purpose, so that the opening can be shut at

pleasure,
,
in order to exclude any extraneous substances that might

* Physiologischo Untersucliungen uber die tbierische Haiisluiltiiiig der Insoktcn
8vo. 1817.

7. 2
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otherwise obtain admission. In many insects, indeed, especially in

beetles which crawl upon the dusty ground, an additional provision is

necessary to prevent the

entrance of foreign mat-

ter; in such cases the

spiracles are furnished

with a valvular appa-

ratus, so disposed as to

form a sieve of exquisite

fineness, — a beautiful

contrivance by which the

air is filtered, as it were,

before it is allowed to

pass into the breathing-

tubes, and thus freed

from all prejudicial par-

ticles. From every spi-

racle is derived a set of

extremely delicate tubes

(traehece), thatpass inter-

nally, andbecome divided

and subdivided to aninde-

finite extent, penetrating

to every part of the body,

and ramifying through

all the viscera ; so that

air is thus supplied to

the entire system. Upon
more minutely inspecting

these air-tubes, they are

found to assume various

forms in different parts

of the body, — being

sometimes simple tubes

of exquisite delicacy ; in

other cases they present

a beaded or vesicular

structure; and in many

Fig. 247.

EeBpiratory apparatus oi Mololontha vulgaris.

insects they are dilated at intervals into capacious cells or receptacles,

wherein air is retained in great abundance. The beautiful figure above

given (fig. 247), taken from Straus-Diirckheim's elaborate work upon

the anatomy of the Cockchafer, will illustrate this arrangement. The

spiracles, situated at the points respectively marked by the letters

a, h, c, d, e, f, g, li, i, open into two wide air-trunks, disposed longitu-

dinally along the whole length of the body : from these, innumerable
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secondary branches are given off, many of them being seen to dilate

into oval vesicles, from which smaller trachea3 proceed ; while others,

without any vesicular enlargement, plunge at once into different

textm-es, and supply the viscera and internal organs. The muscular

system, the legs, the wings, the alimentary canal, and even the brain

itself are permeated in all directions by these air- conducting tubes;

and thus the oxygen penetrates to every corner of the body.

(829.) There is one circumstance connected with the tracheae which

is specially deserving of admiration, whether we consider the obvious

design of the contrivance, or the

remarkable beauty of the struc-
^"

ture employed. It is evident that

the sides of canals so slender and

delicate as the tracheae of insects

would inevitably collapse and fall

together, so as to obstruct the

passage of the air they are de-

stined to convey; and the only

plan calculated to obviate this

would appear to be, to make
their walls stiff and inflexible.

Inflexibility and stiffiiess, how-

ever, would never do in this case,

where the vessels in question

have to be distributed in count-

less ramifications through so many
soft and distensible viscera ; and

the problem therefore is, how
to maintain them permanently

open, in spite of external pres-

sure, and still preserve the per-

fect pliancy and softness of their walls. The mode in which this is

effected is as foUows :—Between the two thin layers of which each
air-vessel consists, an elastic spiral thread is interposed (fig. 248, a), so

as to form by its revolutions a firm cylinder of sufiicient strength 'to

ensure the calibre of the vessel from being diminished, but not at all

interfering with its flexibility, or obstructing its movements ; and this

fibre, delicate as it is, may be traced, with the microscope, even through
the utmost ramifications of the tracheae,—a character whereby these

tubes may be readily distinguished.

(830.) There is a limit, observes Dr. "Williams*, different in different

structures, at which the spiral thread ceases ; and at this point the mem-
hranous trachea begins. It is not the external covering, which ceases,

but the spiral, which, growing less and less visible, graduates insensibly

* Loc. cit.

Tracheal tube of an insect, highly magnified,

showing, at a, the elastic spiral thread.
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into a continuous tube. The diameter of the "spiral " trachea constantly

decreases as it divides ; that of the membranous observes, throughout

its entire course, whether it multiply into a network, or wavy brushes,

or into the muriform plexus which exists in the substance of muscles,

a uniformity which can compare only with that of the true blood-

capillaries of the vertebrate animal. The tracheae terminate differently,

and form different plexuses, in different organs, according to the varying

mechanical arrangements of the ultimate parts of the latter. They are

evidently air-tubes throughout, even to their fmal extremes.

(831.) The primary, secondary, and tertiary air-tubes divide and sub-

divide arborescently, the branches never uniting, but the ultimate rami-

fications dividing and subdividing in the same profuse retiform manner

as the blood-capillaries of the vertebrate animal, supplying the muscles,

the glands, the mucous membranes, the brain, and every other viscus.

The large air-tubes which travel along the axes of the spacious blood-

channels detach from their sides here and there minute wavy branches

which, float in the blood, and appear to be expressly intended to aerate

the fluids.

(832.) In all the transparent structures of insects, such as the wings,

antennse, branchiae, &c., the blood-cui'rents travel in the same passages

as the tracheae. On closer scrutiny it wiU be seen that a channel (such

as that of the nervure of the wings) bearing in its centre a large tracheal

tube exhibits on one side a current going in one direction, on the other

another bearing in an opposite course. These are afferent and efferent,

arterial and venous blood-streams. They are bounded by separate

walls. The afferent current is circumscribed by its own proper coats,

the efferent by its own ; and the trachea is placed intermediately, having

parietes quite distinct from, although contiguous with, those of the

blood-channels. This coincidence between the tracheae and the blood-

currents can be traced in the wings nowhere beyond the limits of the

nervures into the scaly spaces that they circumscribe. The returning

of the corpuscles at a certain point renders this fact quite unquestion-

able. Beyond this limit, only the fluid elements, not the corpuscles of

the blood, penetrate. In this extravascular region it is cyclosis, not

circulation, which governs the movements of the nutritive fluid. If,

says Dr. Williams, everywhere the blood and the air travelled together,

the inference would be that the sole design of the tracheal apparatus

of the insect consisted in aerating the fluids. Since, however, the

blood returns much before the tracheae reach their remote penetralia,

it is evident that the tracheal system in the insect fulfils some other

function. What can be the meaning of tliose incomparable pneumatic

plexuses (veritable retia inirahilia) which embrace immediately the

very ultimate elements of the solid organs of the body—those micro-

scopic air-tubes which carry oxygen in its gaseous form, unfluidified by

any intervening liquid, to the very seats of the fixed solids which con-
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stitute the fabric of the organism ? The intense electrical and chemical

effects developed by the immediate presence of oxygen at the actual

scene of all the nutritive operations of the body, fluid and solid, give to

the insect its vivid and briUiant life, its matchless nervous activity, its

extreme muscularity, its voluntary povrer to augment the animal heat.

Such contrivance, subtle and unexampled, reconciles the paradox of a

being, microscopic in corporeal dimensions and remarkable for the

relative minuteness of the hulk of its blood, sustaining a frame graceful

in its littleness, yet capable of prodigious mechanical results.

(833.) "We must now consider the mechanism by which air is per-

petually drawn into the body of the insect, and again expelled. If the

abdomen of a living insect be carefully watched, it will be found con-

tinually performing movements of expansion and contraction that suc-

ceed each other at regular intervals, varying in frequency, in difi'erent

species, from twenty to fifty or sixty in a minute, but occurring more

rapidly when the insect is in a state of activity than when at rest. At

each expansion of the abdomen, therefore, air is sucked in through all the

spiracles, and rushes to every part of the body ; but when the abdomen

contracts, it is forcibly expeUed through the same openings. Burmeister

even supposes that the humming noises produced by many insects during

their flight must be referred to the vibration caused by the air stream-

ing rapidly in and out of the spiracular orifices. Insects which live in

water are obliged, at short intervals, to come to the surface to breathe,

at which time they take in a suflGlcient quantity of air to last them

during the period of their immersion ; but if the spiracles are closed by

any accident, or by the simple application of any greasy fltiid to the

exterior of their body, speedy death, produced by suffocation, is the

inevitable result,

(834.) A moment's reflection upon the facts above stated concerning

the respiration of insects wiU suggest other interesting views connected

with the physiology of these little creatures. It is evident, in the first

place, that their blood is all arterial
;
they can have no occasion for

veins, as they have no venous blood, the whole of the circulating fluid

being continually oxygenized as its principles become deteriorated. The
perfection of their muscular power, their great strength and indomitable

activity, are likewise intimately related to the completeness of their

respiration ; so that the vital energies of the muscular system are

developed to the utmost, endowing them with that vigorous flight and

strength of limb which we have already seen them to possess. It must
likewise become apparent that, as the blood is freely exposed to the in-

fluence of oxygen in every portion of the insect to which the air-tubes

reach, one great necessity for the existence of a circulatory apparatus is

entirely done away with, and, as we have observed before, all those parts

of the vascular system required in other animals for the propulsion of the

vitiated blood through pulmonary or branchial organs are no longer
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requisite
;
so that, by dispensing with the complicated structures usuaUy

provided for this purpose, tlie body is considerably lightened. The cir-
culation of the nutritive fluids is, in fact, limited to their free diffusion
amongst all the internal viscera, and is effected in the following manner.
If we examine the back of a silkworm, or of any transparent larva, a
long pulsating tube is seen running beneath the skin of the back, from
one end of the bodyto the other. Its contractions may readily be watched

:

they are found to begin at the posterior extremity, and are gradually
continued forwards

; so that the vessel presents a continual undulatory
movement, by which the fluid contained in its interior is pushed from
the tail towards the head. This dorsal vessel, which may be so well
observed in the thin-skinned larva, exists likewise in the perfect insect,

although, from the opacity of the integument, its movement is no longer
apparent except by the vivisection of the animal.

(835.) This dorsal vessel (or heart, as we shall call it for the sake of
brevity) is organized in a very singular manner; for, instead of being a
closed viscus, it communicates most freely, through several wide lateral

apertures, with the cavity of the abdomen, and thence derives the blood
with which it is filled. The dorsal vessel is widest in the abdominal
region, but is continued, nevertheless, through the thorax into the
head, where it terminates as a simple or furcate tube—that is, not

closed, but open at the extremity.

(836.) The structure of this remarkable heart has been fully inves-

tigated by Straus-Diirckheim*, and is extremely curious : it consists,

in the Cockchafer, of eight distinct compartments, separated from each

other by as many valves formed by productions from the lining mem-
brane, and so disposed that the blood passes freely from the hinder

chambers into those which are placed more anteriorly, but is prevented

from returning in the opposite direction.

(837.) Each compartment of the dorsal vessel communicates by two
wide slits, likewise guarded by valves, with the cavity of the belly ; so

that fluids derived thence will readily pass into the different cham-
bers, but cannot again escape through the same channel. The

'

arrangement, however, of these valves will be best understood by refer-

ence to the accompanying figure (fig. 249), representing a magnified

view of the interior of a portion of the heart of the Cockchafer, as

depicted by the celebrated entomotomist before alluded to. The organ

has been divided longitudinally, so that one-half only is represented

upon a very large scale. The compartments (a a a) are distinctly com-

posed of circular muscular fibres ; the large valves (d d) separate the

individual chambers, allowing the blood to pass in one direction only,

viz. towards the head ; while the openings (c), likewise closed by semi-

lunar membranous valves, admit blood from the cavity of the abdomen,

but effectually prevent its return,

* Op. cit.



THE DORSAL VESSEL. 345

Fig. 249.

(838.) Let us now consider the movements of the circulating fluids

produced by the contractions of this apparatus. The chyle or nutritive

material extracted by the food exudes, as we have

already seen, by a species of percolation, througli

the walls of the intestine, and escapes into the

cavity of the abdomen, where it is mixed up with

the mass of the blood, which is not contained in

any system of vessels, but bathes the surface of

the viscera immersed in it. When any compart-

ment of the heart relaxes, the blood rushes into

it from the abdomen through the lateral valvular

apertures ; and as it cannot return through that

opening on account of the valves (c) that guard the

entrance, nor escape into the posterior divisions of

the heart by reason of the valves d, the con-

traction of the dorsal vessel necessarily forces it

on towards the head. When it arrives there, it

of course issues from the perforated termination

of the heart, but does not appear to be received

by any vessels, and therefore becomes again dif-

fused through the body. The difPused character

of the circulation met vsdth in insects may easily

be made a matter of observation in many of the

transparent aquatic larvae that are readily to be

met with. When any of the limbs of these larvse

are examined under a powerful microscope, con-

tinual currents of minute oat-shaped globules are

everywhere distinguishable, moving slowly in

little streams—some passing in one direction,

others in the opposite: but that these streams

are not contained in vascular canals is quite obvious from the continual
changes which occur in the course of the globules ; their movements,
indeed, rather resemble those of the sap in Gliara and other transparent
vegetables, in which the cii'culation of that fluid is visible under a
microscope.

(839.) The organs appropriated to furnish the different secretions met
with in the economy of insects are modified in their structure to cor-
respond with the character of the circulation, and are invariably simple
tubes or vesicles of various forms immersed in the fluids of the body,
from which they separate their peculiar products. The poisonous saliva
of bugs, and the innoxious salivary fluid of other insects, the bile and
auxiliary secretions subservient to digestion, the venom which arms
the sting of the wasp, and the silky envelope of the caterpillar arc all
derived from the same source, and in some mysterious manner elabo-
rated from the blood by variously shaped vessels : hwt of this wo have

Internal view of a por-
tion of the dorsal vessel

of a Cockchafer •.aaa,bb,
muscular walls of the

compartments; d, d, in-

tercompartmental valves

;

c, valve defending one of
the orifices communicat-
ing with thegeneral cavity

of the abdomen.
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already given many examples, and others will present themselves m the

following pages.

(840.) In the nervous system of the Insecta, we have many interest-

ing illustrations of that gradual concentration of the parts composing it,

and consequently of increased proportional development of the nervous

centres, corresponding with the more active movements and higher

faculties by which the class before us is so remarkably distinguished

from those forms of articulated animals that wo have hitherto had an

opportunity of examining. The supraoesophageal ganglion, or brain,

assumes a preponderance of size, in relation to more perfect organs of

sense and to instincts of a more exalted character ; the chain of ganglia

placed along the floor of the abdomen is composed of a few large masses

of sufficient power to animate the strong and energetic muscles of the

Hmbs; and, moreover, anatomists have detected the existence of an

additional nervous apparatus, apparently representing the sympathetic

system of vertebrate animals, which is distributed to the viscera appro-

priated to digestion. Each of these divisions will therefore require a

separate notice.

(841.) The brain, or encephalic ganglion (fig. 250, i) is a nervous

mass of considerable size, placed above the gullet : it consists essentially

of two ganglia united into one mass ; and from it all the nerves appro-

priated to the special instruments of the senses are derived ; so that it

may naturally be regarded as the chief seat of sensation and intelligence.

The nerves originating from this common sensorium are seen upon an

enlarged scale in fig. 251 : they are the optic (fig. 251, a), supplying the

eyes, and the antennal (fig. 251, e), which run to the special instruments

of touch, or antennce—organs of a very singular character, that we shall

examine more minutely hereafter. Two other cords of variable length

(fig. 251, g, g) are given off from the inferior aspect of the brain, and

serve to connect it with the anterior ganglion of the ventral chain

(fig. 251, K), to which some writers have thought proper to give the name

of cerebellum, though upon what grounds it is difficult to conjecture : the

mass last mentioned gives off various nerves to supply the parts con-

nected with the mandibles, maodllce, and other organs of the mouth.

(842.) The rest of the ventral chain of ganglia forms a continuous

series (fig. 250, 2, 3, i, 5, 6, 7, s) of nervous centres arranged in pairs and

united to each other by double cords of communication ; but they vary

much in number and relative magnitude in different families. Those

situated in the thorax are usually of the greatest proportional size,

inasmuch as they furnish the nerves that supply the muscles of the

wings and legs ; the succeeding ganglia give branches to the abdominal

segments ; and the last, which is commonly of considerable bulk, sup-

jjlies the sexual organs and the extremity of the colon.

(843.) It is the general opinion of modern physiologists, that the

intimate composition of the nervous apparatus described above is by no
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means so simple as it appears to ordinary observation ; and, since the

experiments of Sir Charles Bell and Magendic demonstrated the existence

of distinct columns or tracts in the spinal axis of vertebrate animals,

various anatomists have endeavoured to show that corresponding parts

Fig. 250.

Anatomy of 3fe2oe: a, the stomach ; 6, hepatic vcBsels ; c, intestine; rf, d, ovaria; e, section of
ovary showing the internal cavity;/, vagina; g, spermotheca; h, i, gluten-secretors : 1, sxipra-
resophageal ganglion of the nervous system ; 2, 3, 4, 5, 6, 7, 8, ventral ganglia ; 9 9, nervus vagus

;

10, cephalic nerves; 11, optic gangUon.

may be pointed out in the ventral chain of articulated animals. There
can, indeed, be no doubt that this portion of the nervous system of an
insect corresponds in function with the medulla spinalis

; and if, in the
one case, the nerves which preside over the general muscular move-
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meiits arise from a different column from that whence the nerves that
correspond with the periphery of the body originate, while those which
regulate the motions of respiration emanate from a distinct tract, we
may reasonably suppose a similar arrangement to exist in the struc-

ture of the nervous system we are now examining. It has, in fact,

been well ascertained that the nerves given off to the muscular system
of the Homogangliata are not derived from the ganglionic masses them-
selves, but from the cords which connect them together, while the

nerves distributed to the integument and external parts of the body
communicate immediately with the ganglia. These different modes of

origin give presumptive evidence that at least two distinct tracts exist

in the central axis of insects
;
but, from the extreme minuteness of the

different parts, it is not easy satisfactorily to demonstrate them sepa-

rately. In the larger Aeticitlata, however (as, for example, in the

Ckustaceans), two distinct columns of nervous matter are readily de-

tected ; it will therefore be more convenient to defer the investigation

of this interesting subject until we have an opportunity of describing

these parts upon an enlarged scale

;

enough has been said at present to

enable the reader to compare the

nervous axis of an insect with that

of a lobster, and draw correct con-

clusions from the comparison.

(844.) The last division of the

nervous apparatus, which we have

already mentioned as being the re-

presentative of the sympathetic sy-

stem, consists of two portions,—one

corresponding, in distribution at

least, with the nervus vagus of Vek-

TEBBATA, while the other represents,

apparently, the sympathetic ganglia.

The nervus vagus, as we shall call it,

and which has been named by

Swammerdam* and Cuvier the re-

current nerve, arises (fig. 251, h h) by two roots from the opposite ex-

tremities of the brain, close to the origins of the antennal nerves. The

nervous cords thus derived soon unite to form a minute central ganglion

(fig. 251, i), from which proceeds a single nerve (fig. 251, / Ic) that

runs with the guUet beneath the brain, and spreads in delicate ramifi-

cations upon the oesophagus as far as the muscular stomach (fig. 250, 9 p),

or to the gizzard when that organ exists.

(845.) The sympathetic system properly so called consists of four

small ganglia (fig. 251, c c, I I), the two anterior of which communicate

* Biblia Naturaj.

Nemis -vagus and Bympathetic system
of an Insect : cr, a, optic nerves ; d d, su-

praoBsophageal ganglion
; I, oesophagus

;

b b, origins of the recurrent nerve fyi;
ff, g, nerves surrounding the oesophagus,

and communicating between the supra-

oesophageal ganglion, d d, and the first pair
of ventral ganglia, h; c c,l !, sympathetic
ganglia.
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with the brain aud with each other by means of connecting filaments.

These ganglia are closely applied to the commencement of the oeso-

phagus, and supply it with minute nerves.

(846.) Vai'ious are the conjectures entertained by different authors

concerning the senses possessed by the members of the insect world,

and the organs subservient thereunto. The possession of certain sources

of perception has been alternately granted and denied ; the nature of

their sensations has been a fruitful subject of inqxiiry ; and some physio-

logists have even gone so far as to deny the correspondence of the im-

pressions derived by insects through the medium of their senses with

those which we ourselves receive. It would lead us far out of our

coiirse did we even advert to the multiplicity of opinions and conjec-

tures promulgated from various sources relative to these inquiries, and,

perhaps, with little addition to our real knowledge. It is true that we
cannot deny the possibility of the existence of other modes of sensation

than those familiar to us ; but it is likewise evident that, as we can

never have the most remote conceptions concerning their nature, specu-

lations respecting them are not at all calculated to lead to satisfactory

conclusions. We must from necessity take our own senses as the

standard of comparison, limiting our inquiries to examining how far

insects possess means of intercourse with the external world similar to

those which we enjoy, and, when we find certain faculties to exist, in-

vestigating the structure of the organs by which they are exercised,

(847.) The sense of touch is indubitably bestowed upon all insects
;

and, to judge from the perfection of the edifices which they build, and
the precision of their usual operations, this must be extremely delicate.

It is sufficient, however, to look at the external construction of the

skeletons of Artictilata to perceive that the hard and insensible inte-

gument spread over the entire surface of their bodies is but little calcu-

lated to receive tactile impressions. The antennae, or feelers as they
are popularly called, have been very generally regarded as being pecu-
liarly instruments of touch ; and whoever watches the proceedings of an
insect in which these appendages are largely developed will, we appre-
hend, easily convince himself that they are employed to investigate

surrounding objects by contact. Straus-Diirckheim regards the feet as

being specially appropriated to the sense of feeling ; but this opinion

seems quite inadmissible. Burmeister places the exercise of touch ex-
clusively in the palpi attached to the maxLlla3 and labium, and observes
that, in the larger insects, such as the predatory Beetles, the Grass-
hoppers, Humble-bees, and many others, the apex of the palpus is di-

lated into a white transparent and distended bladder, which, after the
death of the insect, dries up and is no longer visible. This bladder he
looks upon as the true seat of the sense in question, and remarks that
the main nerve of the maxilla3 and of the tongue spreads to it, aud dis-
tributes itself upon its superior surface in minute ramifications.
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(848.) Whether taste exists in insects as a distinct sense may admit
of dispute : the tongue, already described, seems but little adapted to

appreciate savours
;
and, seeing this, it is obvious that all opinions

assigning the function of tasting to other parts are purely conjectural.

In some moths, however, certain curious appendages exist at the ex-
tremity ofthe proboscis, whichmaypes- Kg. 252.

sibly represent an apparatus either of

gustation or of tactile sense (fig. 252).

(849.) Many insects are certainly

capable of perceiving odours ; of this

we have continual proof in the Plesh-

fly and other species, that are evi-

dently guided to their food, or select

the position in which to deposit their

eggs, by smell ; but where the olfac-

tory apparatus is lodged is still a

matter of doubt. The antennae and

the palpi have each had the power of

smelling assigned to them, but with-

out much plausibility. The respira-

tory stigmata have been pointed out

as performing the offi.ce of examining

the air admitted for the purpose of

breathing ;
yet other authors, with

equal probability, look upon the ulti- Proboscis of Butterfly, in outline; show-

-/.i- J} iX, i- -u ™S internal structure in the right-hand

mate ramincations OI tne tracnese as f^gax^, and in the left its presumed sensitive

forming one extensive nose. The in- appendages.

terior of the mouth has been indicated by Treviranus *
; while Kirby and

Spence find, in the Necrophori and other insects remarkable for acute-

ness of smell, an organ in close connexion with the mouth, to which they

attribute the perception of odoriferous particles : this is a cavity situated

in the upper lip, containing a pair of circular pulpy cushions covered by

a membrane transversely striated or gathered into deHcate folds.

(850.) We are scarcely better informed concerning the organs of

hearing ; but that insects are capable of perceiving sounds is proved by

the fact of many tribes being capable of producing audible noises, by

which they communicate. There seems, indeed, to be httle doubt that

the auditory apparatus is in some way or other connected with the

autennse. Some have supposed that these slender and jointed organs,

supplied, as they are, with large nerves, are themselves capable of ap-

preciating sonorous vibrations. Burmeisterf thinks that, as in crabs

and lobsters, it is at the base of the antenna that the ear is situated,

and observes that if we examine the insertions of these appendages,

we shall detect there a soft articulating membrane, which lies exposed,

* Vermischto Schriften, vol. ii. . t Oj). cit. p. 296.
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and is rendered teuse by the movements of the antenna : this ho looks

\ipon as representing the drum of the ear, and conceives that it is so

placed as to receive impressions of sound, increased by the vibratory

movements communicated to the antennse by the sonorous undulations

of the atmosphere.

(851). In some moths, Treviranus* has discovered structures which

would seem to be indubitably real auditory organs. He found in front

of the base of each antenna a thin membranous drum, behind which,

large nerves, derived from those supplied to the antennae, spread them-

selves out ; but this apparatus has not been detected in other insects.

(852.) The eyes of insects are of two kinds, simple and compound,

—

the former being insulated visual specks ; while the latter consist of

agglomerations of numerous distinct eyes, united so as to form most

elaborate and complex instruments of sight.

(853.) Some insects, as the Dictyotoptera and Thysanura, only possess

simple eyes ;
others, as for example the Coleoptera, have only compound

eyes ; but in general both kinds exist together. In the Sirecc gigas

(fig. 269), for instance, besides the large hemispherical organs of sight.

Fig. 253.

Structure of the compound eye of an insect: a, vertical section of the organ; 6, optic nervesretina vitreous humours and crystalline lenses of an isolated segment: o, shape of the entii-e™^ ih
•

'^'^'If^''^
l^r^s.s-e, corneee with the lenses in situ; f, corner with the lensesremoved, showing their inner surface

; g, the same, showing their outer surface. (After Lyonnet.)

situated at the sides of the head, three simple spots are seen upon the
vertex, which are likewise appropriated to vision. .

(854.) The structure of the eyes has been most minutely investigated
by several distinguished entomotomists

; and the labours of Marcel de
Serrest, Joh. MiiUerJ, Strau8-Diirckheim§, and Dugiis

|| have done
* Annalen der Wetterau. Gesel. f. d. ges. Naturk. vol. i. 1809.
t M6m. 8ur les Yeux composes et les Yeiix lisses des Insectes. MontHeUier

8vo, 1813.
""4Jeuier,

X Zur vergleichenden Physiologio des Gesichtssinncs. 8vo. 1826.
§ Ann. des Sci. Nat. torn, xviii. |l ibid. torn. xx.
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much to (lisijcl the mistaken notions entertained by preceding ana-
tomists.

(855.) The simple eyes consist of a minute, smooth, convex, trans-

parent cornea, in close contact with which is a small globular lens

;

behind this lens is placed the representative of the vitreous humour, upon
which a nervous filament spreads out, so as to form a retina : the whole
is enclosed in a layer of brown, red, or black pigment, which, bending
round the anterior surface of the eye, forms a distinct coloured iris and
pupillary aperture. Such an arrangement evidently resembles what is

met with in higher animals, and is remarkable for its simplicity. But it

is far otherwise with the compound eyes of insects ; for these are con-

structed upon principles so elaborate and complex that we feel little

surprise at the amazement expressed by early writers who examined

them, although their ideas concerning their real structure came far short

of the truth.

(856.) The compound eyes of insects are two in number, situated on

the lateral aspects of the head, the form of each being more or less hemi-

spherical. "When examined with a microscope, their surface is seen to

be divided into a multitude of hexagonal facets, between which minute

hairs are generally conspicuous. The number of facets or corneas (for

such, in fact, they are) varies in different genera ; thus, in the Ant
{Formica) there are 50 ; in the common House-fly (Musca clomestica),

4000 ; in some Dragonflies (Lihellula), upwards of 12,000. In But-

terflies (Papilio) 17,355 have been counted ; and some Coleoptera (Mor-

delld) possess the astonishing number of 25,088 distinct cornete.

(857.) But in order to appreciate the wonderful organization of these

remarkable organs of sight, it is necessary to examine their internal

structure : every cornea is then found to belong to a distinct eye, pro-

vided with a perfect nervous apparatus, and exhibiting its pecuharlens,

iris, and pupil, thus being completely entitled to be considered a distinct

instrument of vision.

(858.) By attentively examining the annexed figure, representing a

section of the eye of the Cockchafer (MelolontJia), as displayed by

Lyonnet and Straus-Diirckheim, the whole structure of the organ, wUl

be readily understood. The optic nerve (fig. 254, a), derived imme-

diately from the supracesoj)hageal mass of nervous matter, swells soon

after its origin into a rounded ganghon nearly half as large as the

brain itself. From the periphery of the ganglion so formed arise a

considerable number of secondary nerves (h), which are very short, and

soon come into contact with a layer of pigment (d), that in the Cock-

chafer is of a brilliant red colour, and is placed concentrically with the

convex outer surface of the eye. Behind this membrane (called by

Straus-Dlirckheim the common choroid) the secondary optic nerves

(b) unite to form a membranous expansion of nervous matter (c), which

may be denominated the general retina. From the nervous expansion
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so formed arise the proper optic nerves (e), appropriated to the indi-

vidual eyes, or ocelli, as we shall term them. These nervous filaments

are as numerous as the facets of the cornea, and traverse the common

choroid to radiate towards the individual eyes whereunto they are

respectively destined, and the structure of which we must now proceed

to examine. In fig. 254, b, a portion of the circumference of the com-

pound eye is represented upon

a very large scale, in order to

show the construction of the

hexagonal ocelli that enter

into its composition. Each

cornea (i) is, or is furnished

with, a double convex lens,

adapted by its shape to bring-

to a focus the rays passing

thj^ough it. Behind every

lens so constituted is placed

a hexahedral transparent

prism (h), which from its

office may be compared to the

vitreous humour of the human
eye ; and it is upon the pos-

terior extremity of these

prisms that the proper optic

nerves (fig. 254, a, e) spread

themselves out, so as to form

so many distinct retinae.

When we reflect upon the

extreme minuteness of the

parts above alluded to, we

Pig. 254.

Structure of the eye of a Cockchafer. A, sectional
view: a, optic ganglion; 6, secondary nerves; c, ge-
neral retina, in front of which ia a layer of pigment, d ;

e, proper optic nerves, supplying the individual facets
of the compound eye. B, a group of ocelli, much
magnified :/, bulb of optic nerve ; g, layer of pigment;
h, vitreous humour ; i, cornea. (After Straus-Durok-
heim.

)

may weU expect slight discrepancies to occur between the accounts
given of them by difi'erent anatomists. Straus-Diirckheim represents
every optic nerve as terminating in a minute pyriform bulb (fig. 254,
B, /), and points out a dark layer of pigment (g), which forms a choroid
tunic proper to each ocellus

; while, according to Miiller and Duges, the
vitreous humoui-s (h) are conical, and terminate posteriorly in a sharp
point, upon which the terminal expansion of the optic nerve spreads out,
without any pyriform enlargement

; they likewise deny the existence of
the proper choroid (g) in the situation indicated by Straus-Diirckheim,
but find a black pigment situated immediately behind the cornea, that
at first sight would appear to be continuous over the whole surface of
the eye. Even Cuvier seems at one time to have adopted this opinion.
MiiUer, however, found that, upon carefully removing the internal
structures of the organ, leaving the pigment untouched, the dark
varnish in question, although very thick nt the lines of union of the

2 A
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different facets, where it is continuous witli a choroid that separates the

individual ocelli, yet towards the centre of each facet becomes ex-

ceedingly thin, and at the very centre is quite wanting, so that a

minute perforation or pupil is thus left, through which the rays of

light enter. The existence of the secondary optic nerves (b) and common
retina (c) is likewise disputed by Miiller and Duges, who consider the

proper optic nerves to arise immediately from the surface of the brain.

(859.) With regard to the wonderfully complex structure of these

organs, Straus-Diirckheim suggests that, the eyes of insects being

fixed, nature has made up for their want of mobility by their number,

and by pointing their axes in all directions ; so that it might be said

that these little animals have a distinct eye for every object. But here

we are natui'ally tempted to inquire whether insects see at the same

time distinctly with every one of these eyes, or if they distinguish with

one eye only. Upon this point Straus-Diirckheim observes that, if

they saw clearly with all, the great number of images would neces-

sarily produce confusion, and would prevent creatures so organized from

paying special attention to any determinate point. It is probable, there-

fore, that one ocellus only is at any given time placed in circumstances

precisely adapted to the complete examination of an object, the animal

seeing things imperfectly with the rest, in the same manner as we see

objects situated nearer to us or further off than that upon which we fix

our attention ; so that, according to this supposition, insects would see

very distinctly with one eye only, exactly as we see confusedly an ex-

tensive landscape, although we only distinguish a small part of it.

(860.) In all insects the sexes are quite distinct ; and the generative

apparatus, both of the male and female, consists of various secreting

organs with their excretory ducts : in the male, such glands furnish the

impregnating secretions ; and in the female they give origin to the ova,

and provide the covering wherein the eggs are enveloped.

(861.) Commencing with a description of the male organs, we find

in the Cockchafer the various parts represented in the accompanying

figure, taken from the admirable work of Straus-Diirckheim already so

often quoted. The testicles of Melolontha (fig. 255, a a) are six in number

on each side of the body ; but in the engraving those of one side only are

delineated. Every testis consists of a vesicular organ, hoUow internally,

which, being immersed in the juices of the insect, separates therefrom

the seminal fluid. Six ducts {h, h, h) may be called vasa cleferentia, and

convey the spermatic liquor into a common canal (c c), of very consider-

able length and much convoluted. Although slender at its commence-

ment, this tube ultimately expands into a wider portion (d), wherein,

no doubt, the semen accumulates, and which has been called by authors

the vesica seminalis.

(862.) The canal {d) terminates by joining the corresponding duct from

the opposite side {d') to form a common tube {g) ;
but just at the point
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of junction they are joined by two long auxiliary vessels (J, f), that

have been named spo'm-vessels, gluten-vessels, and gum-vessels by dif-

ferent authors, but which appear to be appropriated to the production

of some fluid, perhaps analogous to the prostatic fluid of mammalia,

Eig. 255.

Male generative organs of Melolonfha vulgaris : a, a, a, testicular glands ; b, b, b, vasa deferentia

;

c c, conunon canal ; d, its dilated portion ; d.', termination of the corresponding canal from tlie
opposite side; e eff, auxiliary glands ; ,7

^r, common duct enclosed in a sheath, h;ii, ejoculatory
apparatus ; 1 1, n n, section of penis.

whereby the bulk of the seminal liquor is increased in order to facilitate

its expulsion. Each of these auxiliary vessels consists of two parts
a long and much- convoluted portion (e e e), forming the secreting organ

;

and a dilatation (/), that must be looked upon as a reservoir for the
fluid elaborated. The common canal (g) receives all these secretions :

it is at first enclosed in a kind of sheath (h) ; but soon becoming
muscular, it dilates into a strong contractile canal (g, i), called the
ductxis ejaculatonus, which is continued to the extremity of the penis.

(863.) The intromittent organ itself is composed of two parts—a pro-
trusible corneous tube (I I), and an external horny sheath (n n), in which
the former is usually concealed and protected,

(864.) Great variety, of course, is found in the number, form, and
general arrangement of all the parts aUuded to in the above description,
when examined in different insects. In the Hive-bee, for example, the
testes (fig. 256, a) are only two in number, and are simple oval vesicles

;

the vasa deferentia (h, h) are short, and the seminal receptacles (c) form
membranous sacculi. The auxiliary secreting organs {d), althou"-h

2 A 2
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Fig. 256.

placed in the same position as in Melohntha, are represented by capa-

cious cseca ; while the common excretory duet (<?) swells into a strong

and muscular bag (/), which constitutes the ejaculatory apparatus.

Still, however, it is easy to see that, although diversified in appearance,

the parts here found are essentially similar to

those met with in the Cockchafer, and repre-

sent respectively the same organs.

(865.) The female apparatus of repro-

duction presents a general correspondence,

both in form and arrangement, with the

sexual parts of the male insect. The ovaria

are simple secreting sacculi, or elongated

tubes, in which the germs or ova are pro-

duced instead of the seminal liquor ; and the

excretory canals, or egg-passages, with the

organs appended to them, although appro-

priated to different functions, strikingly re-

semble the organs met with in the other sex.

(866.) In the female of Melohntha the

ovaria are long tubes, forming two distinct

fasciculi symmetrically situated on the two

sides of the body. At their commencement

(fig. 257, u u) the ovigerous tubes are slender,

and the ova which they contain at this point

are in a very rudimentary state of develop-

ment
;
they generally dUate, however, {ttt);

and as they expand, the ova are seen to attain

larger dimensions. Near its termination,

each ovarian tube assumes a granulated tex-

ture (s s) ; and they all ultimately open into the corresponding excretory

canal (r r).

(867.) All the ovarian tubes of one side are united into a bundle by

a ligament {y x) which Job. Miiller* traced to the dorsal vessel, and

believed to be a vascular canal adapted to bring blood immediately into

the tubes wherein the ova are formed ; but no satisfactory evidence has

been adduced in proof of the existence of such an extraordinary com-

munication, and the thread in question is most probably a mere liga-

mentous connexion.

(868.) Taking the higher animals as a standard of comparison, we

may suppose the formation of the eggs in these tubes to be accomplished

in the following manner :—In the upper part of the tube {u) is formed

the yelk, enclosed in its peculiar membrane, and provided with that

wonderful genn from which, after impregnation, the future being is to

be developed ; as the yelk slowly descends to the more dHated parts of

* Nova Acta Phys.-Mecl. Nat Cur. vol. xii. pt. 2.

Male generatiTe organs of the

Hive-bee {Apis mellifica)

:

a, testes; 6, 6, vasa deferen-

tia; c, c, seminal receptacles;

d, auxiliary glands ; e, common
excretory duct;y^, ejaeulatory

saceulus.
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the canal (t t), it becomes clothed -with the albumen which constitutes

the white of the egg, and ultimately, before quitting the nidus of its

formation, receives from the granular termination of the ovary its last

integument or sheU. Thus completed, it passes into the excretory canal

(r r) ; and this, meeting the corresponding tube derived from the ovaries

of the opposite side, joins it to form the common oviduct (I), through

which the egg is conducted out of the body.

(869.) But we must now advert to certain appendages connected

with the common oviduct. These are of two knds, the gluten secretors

and the sjpermailieca,

(870.) The gluten-secretors (fig. 257, p, p) are glandular cseca opening

into the common egg-

canal, and are appa- Eig. 257.

rently destined to furn-

ish a glutinous fluidwith

which the eggs become

invested before they are

expelled from the body
;

and thus they are fre-

quently united into long

chains and variously

shaped masses, or else

the adhesive varnish

thus secreted serves to

glue the ova to situations

favourable to the deve-

lopment of the embryo.

(871.) The other or-

gan, or spermatheca (fig.

257, n o), has a widely

diff'erent office, being a

receptacle provided to

receive the seminal se-

cretion of the male

during copulation : it is

always situated upon
the upper aspect of the

oviduct, into which it

opens by a small orifice

surrounded by a thick-

ened margin or sphincter

embracing the neck of the bag, and so disposed as either to retain the
enclosed, fluid, or to allow it to escape into the oviduct. That this
organ really does receive and retain the seminal liquor is proved by
Ihe presence of seminal animalcules in its contents ; but the matter

Female generative organs of the Cockchafer (Melolontha
vulgaris): s s, t t, u u, ovigerous tubes; 1/ x, their liga-
mentous origin ; r, r, excretory canals ; I, common ovi-
duct; p, p, gluten-seoretors ; n 0, spermatheca.



858 INSECTA.

has been placed beyond a doubt by the experiments of John Hunter*,
who actually succeeded in fecundating the eggs of an unimpregnated

female by applying to them a little of the fluid contained in its cavity :

but that the reader may comprehend fully the reason of such an

arrangement, it is necessary to consider the circumstances under which

insects propagate.

(872.) In most animals, sexual union may be repeated several times

during the life of individuals ; but in insects intercourse between the

sexes is permitted to take place once only ; and this solitary congress

must suffice for the impregnation of all the ova, however numerous, and

however imperfect may be the development of some of them at the time

when the embrace occurs.

(873.) Let us take the Hive-bee as an example. In the females of this

insect the ovigerous tubes (fig. 258,

a, a) are excessively numerous, and

the eggs produced in them may
amount to between 20,000 and

30,000. These eggs, of course,

arrive at maturity in succession, and

not all at once ; so that, at the

moment when the queen bee meets

her selected mate, perhaps the ma-

jority of the ova are not in a suffi-

ciently mature condition to be ren-

dered fertile. Nevertheless the

meeting of the sexes cannot be re-

peated ; for no sooner has copulation

taken place than the favoured male

dies, and, by a simultaneous butchery, all the other males, or drones as

they are commonly designated, are destroyed by the working inhabi-

tants of the hive. The quantity of the fecundating liquor, therefore,

supplied by one connexion must serve to fertilize aU the eggs produced

during the lifetime of the queen bee ; and for this purpose it is stored

up in the spermatheca (fig. 258, c) ; so that, how numerous soever may

be the eggs formed, they are aU vivified as they pass out through the

oviducts (6, e) and thus come into contact with the orifice of the reser-

voir of semen f.

(874.) In Meloevariegata (fig. 250) the ovaria {d) consist of wide and

capacious sacs, covered externally with innumerable glandiform vesicles,

opening into the cavity of the ovary (e). The gluten-secretor Qi) and

* Home's Lectures on Comp. Anat. vol. iii. p. 370.

t It is now generally supposed, in accordance with the observations of Dzierzon

and Von Siebold, that the working bees, which are undeveloped females, originate

I'rom ova fecundated by means of the semen stored up in the spennatlieca of the

queen bee, whilst the male bees, or drones issue from non-impregnated ova.

Fig. 258.

Female generative organs of the Queen
Bee: a, o, ovigerous tubes; 6, oviducts;

c, spermatheca; e, vagina, or common ex-

cretory duct.
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the spcrmathcca (g) are seen, as in Mclolontha, appended to the common

oviduct
( f) ; but the spcrmatheca has a small accessory vesicle (i) con-

nected Avith it, not found in the former examples.

(875.) In many insects, especially of the Hymenopterous order, the

generative apparatus is terminated externally by peculiar instruments

provided for the purpose of introducing the eggs into a proper situation.

This is particularly remarkable in the Ichneumons, which deposit their

ova in living caterpillars ; and in the Saw-flies (Tenthredo), whose eggs

are insinuated into the substance

ofthe leaves, or even of the branches -^^S-

of trees. To describe all the con-

trivances employed for this purpose

would lead us far beyond our pre-

scribed limits : two or three ex-

amples of organs of this description

must suffice.

(876.) In Sirex gigas (fig. 260)

the ovipositor consists apparently

of three pieces of considerable

length, seen in the figure to project

from the inferior margin of the ab-

domen. Of these pieces, two form

a sheath enclosing a third, called

the terehra, or borer, which in the

Tenthredo contains two saws of extremely beautiful construction, as we

Ichneumon Fly piercing the cocoon of a

Caterpillar, in order to lay its eggs in the

chrysalis within.

Fig. 260.

Sirex gigas.

learn from an account of (liem given by Professor Peck. ....
description, which it would be unpardonable to abbreviate, is as follows

The original
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"This instrument," says Professor Peek, "is a very cm'ious object;

and, in order to describe it, it will be proper to compare it Avith the

tenon-scm used by cabinet-makers, which being made of a very thin

plate of steel, is fitted with a back to prevent its bending : the back

is a piece of iron, in which a narrow and deep groove is cut to receive

the plate, which is fixed. The saw of the Tenthrcdo is also furnished

with a back ; but the groove is in the plate, and receives a prominent

I'idge of the back, which is not fixed (to the saw), but permits the saw

to slide forward and backward as it is thrown out and retracted. The

saw of artificers is single ; but that of the Tenthredo is double, and

consists of two distinct saws with their backs : the insect, in using

them, first throws out one, and, while it is returning, pushes forward

Fig. 261.

Fig. 262.

Double sa\T of a Tenth/redo, representing the back of the two blades fitted into each other.

the other : this alternate motion is continued till the incision is efi'ected,

when the two saws, receding from each other, conduct the egg between

them into its place." We must not, however, allow our admiration of

a piece of mechanism so admirable to be confined to a mere inspection

of the general plan on which it is constructed ; the more minutely its

details are examined the greater will be our astonish-

ment. The saws of human contrivance, furnished with

teeth, all cut after the same pattern, present little

variety either in their shape or efficiency ; whereas

the saws of the various species of Tenthredo are as

diversified as the habits of the insects to which they

belong. The perfection of their structure defies criti-

cism, inasmuch as the reason of their diversity is be-

yond our comprehension. By means of these wonderful

instruments the female Tenthredo saws a series of

consecutive slits in thetenderbranchesof trees, in each

of which she deposits an egg, and then instils into the

wound a frothy fluid, the use of which is, probably, to

prevent the edges of the sht from growing together,

and thus becoming closed up. The eggs deposited

subsequently increase in size, while the bark around

them swells into a kind of gall, sometimes resembling

a small fruit. These tumours then become the domi-

ciles of the larvse born in them, who there reside either singly or in

little famihes, and there undergo their metamorphosis, which being

Saw of Tenthredo.

The edge A B is

armed with about a

dozen teeth, each of

which, when magni-

fied, is seen to be a

semicircular saw.
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Fig. 263,

Saw of another species of Tenthredo,

showing the teeth and cutting edges to

be constructed upon a plan quite dif-

ferent from that represented in fig. 262.

completed, the matiire insects make their escape, cutting for themselves

a way out by means of their mandibles.

(877.) The Gall-flies {Gtjnijjs) are likewise furnished with an ovi-

positor, but of a difierent character. With its assistance these little

insects bore the leaves and tender shoots of trees, in which they lay

their egg, when, strange to say, the

wounded part of the plant, responsive to

the stimulus, swells out into an excres-

cence that is called a gall, the shape

and texture of which varies according to

the part of the plant which produces it,

and the species of Cynips that inflicts

the puncture. Prom the eggs thus de-

posited minute larvae are liberated, which

are destitute of legs ; but as they find

both board and lodging in the excres-

cence they inhabit, the possession of

such encumbrances would be useless.

In this condition they live for about

six months, at the end of which time

they eat their way out of the gall and bury themselves in the ground

to undergo their last transformation.

(878.) The Aphides, or plant-lice, furnish a remarkable instance of

fecundity. In these insects it has been satis-

factorily ascertained, by Bonnet, Lyonnet, and

Reaumur, that a single sexual intercourse is

sufficient to render fertile, not only the female

parent, but all her progeny down to the ninth

generation ! The original insect stUl con-

tinues to lay when the ninth family of her

descendants is capable of reproduction; and

Reaumur estimated that, even at the fifth gene-

ration, a single Aphis might be the great-

great-grandmother of 5,904,900,000 young
ones.

(879.) The impregnated ova of the Aphis*
are deposited at the close of summer, in the

axils of the leaves either of the plant infested

by the species, or of some neighbouring plant ; and the ova, retaining

their latent life through the winter, are hatched by the retui-ning

warmth of spring, giving birth to a wingless hexapod larva. This
larva, if circumstances, such as warmth and food, be favourable, will

produce a brood (or, indeed, a succession of broods) of eight larvae like

itself, without any connexion with the male. In fact, no winged females
* Owen, Parthenogenesis, p. 24.

Fig. 264.

Branclilet of a tree wounded
by the saw of a Tenthredo, and
containing eggs in a forward
state of development. The
lower tumour is open, indica-

ting that the insect reared in it

has escaped.
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have, at this season, appeared. If the virgin progeny be also kept from
any access to the male, each will again produce a brood of the same

Fig. 265.

Nut-galls of the oak, formed by the puncture of a Cynipa {Cynipa quereufi) : one of the galls

has been opened to show the larval Cynips in its interior.

number of aphides ; and careful experiments have shown that this pro-

creation from a virgin mother will continue to the seventh, the ninth,

Fig. 266.

Branch of a Eoae-tree covered with Aphides {ApltU roam) : on the right-hand leaf is a winged

Aphis lajdng eggs, and a wingless specimen in the act of producing a living young one.

or the eleventh generation before the spermatic virtue of the ancestral

coitus be exhausted. In the last larval brood, individual growth and
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development proceed further than in the parent, and some individuals

become metamorphosed into winged males, others into oviparous females.

By these the ova are developed, impregnated, and oviposited ; and thus

provision is made for disseminating the individuals, and for continuing

the existence of the species over the severe famine-months of winter*.

(880.) This mode of reproduction is evidently aUied to the propa-

gation and vital cycle of plants. Of plants it is, as it were, the

special characteristic that the germ, or seed, is competent to produce
individuals which are again capable of producing seeds or individuals

of the primary form, or that to which the plant owed its origin, only
by the intervention of a whole series of generations. It is a great

triumph of moriDhology that it is able to show how the plant or tree

(that colony of individuals arranged in accordance with a simple vege-
tative principle or fundamental law) unfolds itself through a frequently
long succession of generations into individuals becoming constantly
more and more perfect, until, after the immediately precedent generation,
it appears as calyx and corolla, with perfect male and female indi-

viduals, stamens {Stauhhlatter) and pistils {FrucUUdtter), and, after

the fructification, brings forth seed which again goes through the same
course.

(881.) To facilitate the comparison thus instituted by Steenstrup
Professor Owen has devised the diagrams copied in figure 267, which
place before the eye the whole of this interesting relationship f.

(882.) The pollen-tube or filament (fig. 267, i, a) discharged from
the pollen-ceU («') in the plant, represents the spermatozoon (a, 2 & 3)
in the animal; its contents (whether byendosmose or perforation is im-
material) are received by the ovule {h, 1), which is afterwards discharged
and becomes free. Under favourable circumstances the formation of
the embryo takes place with manifold modifications, but essentially by
the multiplication of cells, according to a process which is as much en-
titled to be called continuous growth as that process in the formation
of the Conferva. The embryo (c) proceeds to develope the radicle and
the plumula (d) by the metamorphosis and coalescence of certain of the
impregnated cells, retaining the major part, however, as ceUs; and thus
the first individual plant (or pair of individuals, as in Dicotyledons) is
established,

(883,) The ovum of the zoophyte (fig. 267, 2, h) proceeds to de-
* " The multipHcation of these little creatures is infinite and almost incredible

Providence has endued them with privileges promoting fecundity which no other
insects possess

:
at one time of the year they are oviparous, at another, viviparous •

and, what is most remarkable and unparalleled, the sexual intercourse of one original
pair serves for all the generations which proceed from the female for a whole suc-
ceeding year. R6aumur has proved that in five generations one Aphis may be the
progenitor of 5,904,900,U00 descendants ; and it is supposed that in one year theremay be twenty generations."-^:2>i_y and Spence, Introcl. to Entom. vol. i.p. 175

t Vide Owen, Parthenogenesis, p. 58 et scq.
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velope its free locomotive embryo (c) by an analogous multiplication of

cells, certain of winch are metamorphosed into an external skin with

vibratile cilia ; the embryo settles, subsides, shoots out rays analogous

to the radicle of tlie plant, but for attachment only, and grows after-

wards as a stem, from which a polyp {d) is speedily developed, answering

to the first cotyledonal leaf or leaves in the plant (fig. 267, i, d). Both

plant and zoophyte proceed to develope by gemmation, the one a suc-

cession of leaves (e e), the other of polyps {e e) associated by the con-

tinuous growth of the connecting parts ; and finally the plant, by a

metamorphosis of part of the stem and certain leaves, produces the

Fig. 267.

Comparative view of the reproduotiTe process in a Plant, a Campanularian !5ooph3'te, and a female

Aphis, the corresponding parts being indicated by similar letters, as explained in the text.

flower or fructification (/, g, h, i) ; and the zoophyte, by a modification

also of its stem and certain polyps, produces an " ovarian vesicle " (/),

or a modified polyp (g), or a medusiform individual (1), which is set

free : in both cases the end to be attained is the diffusion of the species

by means of impregnated seeds or ova.

(884.) Now, if we compare fig. 267, 3, in which are represented

the corresponding stages intervening between the ovum and the perfect
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male and female individuals of the Aphis, with fig. 267, i & 2, the

analogy between those stages in the plant, the polyp, and the insect

will be seen to be both true and close. The spermatozoon (a) of the

male Aphis (7«) answers to the pollen -filament (fig. 267, 1, a) of the male

leaf or stamen (7i). The ovum (6) of the female Aphis (i) answers to

the ovule (b) of the female leaf or pistil (i)
;
by their combination the

impregnated ovum results. The same processes of cell-formation

ensue, and the embryo Aphis (d) is formed by the combination and

metamorphosis of certain of these secondary germ-cells ; but it retains

the rest as a germ-mass in its interior, which may be compared to

the cells of the pith in the plant, and to the cells or nuclear granules

in the corresponding more fluid part of the pith of the polyp. Under
favourable circumstances of nutriment and warmth, certain portions of

the retained germ-mass repeat the process of embryonic formation, and
a larval individual (fig. 267, 3, e) like that from the ovum is thus produced,

which is only not retained in connexion with its parent because the

abdominal integument is not co-extended with it.

(885.) The generation of a wingless Aphis may be repeated from
seven to eleven times without any more accession to the primary sper-

matic virtue of the retained germ-masses than in the ease of the
zoophyte or plant : one might call the generation an " internal gem-
mation ;" but this phrase would not explain the conditions essential to

the process, unless we previously knew those conditions in regard to

ordinary or external gemmation. At length, however, the last apterous
or larval Aphis so developed proceeds to be metamorphosed, as it is

termed, into a winged individual, in which, alone, the fertilizing fila-

ments are formed, as in the case of the stamens of the plant (h)
;

another Aphis acquiring wings (fig. 267, 3, i) perfects the female gene-
rative organs, and developes the ovules, as in the case of the pistil

(fig. 267, 1, i). We have, in fact, at length male (7i) and female (?)
individuals, preceded by reproductive individuals (e e) of a lower or ar-
rested grade of organization, analogous to the gemmiparous polyps of the
zoophytes (fig. 267, 2, e e) and the leaves (fig. 267, 1, e e) of the plant.

(886.) The process of development in the Aphides is, for its better
intelligibility, described above as one of a simple succession of single
individuals

;
but it is much more marvellous in nature. The first-formed

wingless Aphis of early spring procreates not one but eight Aphides
like itself, in successive broods ; and each of these repeat the process

;

and it may be again repeated in the same geometrical ratio, until a
number which figures only can indicate, and which language almost
fails to express, is the result. The Aphides, generated from virgin
parents by this process of internal gemmation, arc as countless as the
leaves of a tree, to which they are so closely analogous. The wingless
Aphides are not very locomotive

; they might have been attached to
one another by continuity of integument, and each have been fixed to
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suck the juices from the part of the plant where it was brought forth.

The stem of the rose might have been incrusted with a chain of such

connected insects, as we sec the stem of a fucus incrusted with a chain

of connected polyps, and only the last developed winged males and
oviparous females might have been set free. The connecting medium
might even have permitted a common current of nutriment, contributed

to by each individual, to circulate through the whole compound body.

But how little of any thing essential to the animal would be affected by
cutting through this hypothetical connecting integument, and setting

each individual free !*

(887.) The sequence of phenomena above detailed is thus explained

by M. de Quatrefages. In the Aphides, the egg laid in autumn gives

birth to a scolex having all the characters of a pupa. During all the

summer this pupa does not produce eggs, but true buds, which sprout

from and become organized in the interior of the parent organism,

instead of budding from its external surface, as in the case of the

Hydra. As cold weather comes on, a normal sexual apparatus becomes

developed in distinct individuals, and we then find males and females,

or, in other words, ivue proglottids.

(888.) Such would be the history of the egg of a Butterfly, were it

to give birth to a chrysalis capable of producing, by means of internal

buds, several generations of chrysalids like itself, and then a certain

number of perfect Butterflies. We have here, therefore, several genera-

tions of scoleces ; but the strobila is missing, while the proglottids, in

most cases, resemble the scolex during the whole period of their ex-

istence, but ultimately differ from it in becoming provided with sexual

organsf.

(889.) It has already been abundantly proved that the ultimate deri-

vation of every animal is from an egg. Mediately, or immediately,

there is always not merely a parent but a mother. The remarkable

facts above narrated lead us to inquire, is the existence of a father

equally constant ? Prom the observations of Siebold upon Bees and

Butterflies i, of Bernouilli, Treviranus, Suckow, and Burmeister upon

several nocturnal Moths, and of Malpighi, Herold, Curtis, and Pilippi

upon the Silk-worm Moth, it seems proved that certain females, having

had no communication with any male, can lay fertile eggs, from which

are produced larvse as vivacious and robust as if their eggs had been

truly impregnated.

* Loc. cit. p. 61.

t For further information on this interesting subject, the reader is referred to :

—

Professor Owen's Essay ' On Parthenogenesis ;' to an elaborate paper by Leuckart,

entitled " Zur Kenntniss des Generationswechsels und der Parthenogenesis bei den

Insekten," Moleschote's Untersuchungen, 1858; and a valuable paper by Pro-

fessor Huxley " On the Agamic Eeproduction and Morphology of Aphis," Trans.

Linn. Soc. 1858.

X Wahre Parthenogenesis bei Schmctterlingen und Eienon, 1856.
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(890.) The observations of Huber and modern anatomical researches

have shown that in Bees, owing to the conformation of the generative

organs, sexual intercourse between the queen bee and a male can only

take place during flight
;
still, it has been satisfactorily proved that the

queen bee, when deprived of her wings before any communication with

the male has taken place, will nevertheless lay fruitful eggs ; but these

eggs produce only males. A similar phenomenon has been proved to

occur in other insects—by Leuckart* in the Coccidce, by Hartig in

twenty-eight different species of Cynips
;
indeed, as regards the insects

last mentioned, according to Lubbock the males are as yet unknown to

the entomologist. M. Carlier obtained three virgin generations in suc-

cession from Liparis cUspar, the last generation thus obtained being
composed exclusively of males, putting a natural termination to the ex-

periment.

(891.) A phenomenon so remarkable and so incontestably proved
naturally suggests the question. Are the reproductive bodies which
thus resemble eggs and develope progeny without a father, real eggs
or only buds, resembling those whence the organic aphides derive their

origin ? Professor Huxley f and Mr. Lubbock regard them as being
truly eggs ; M. de Quatrefages, on the contrary, supposes them to be
only gemmae ; and if so, their development without the intervention of a
male is referable, not to parthenogenesis, but to geneagenesis, of the
diverse forms of which we have already had so many examples.

(892.) Innumerable are the means employed by nature to keep the
balance between the increase and destruction of the insect tribes ; and
countless enemies are provided for the purpose of checking their inordi-
nate accumulation.

(893.) Among the most remarkable provisions for preventing super-
abundant fertility is that law which compels the most prolific insects to
live in large societies, and permits but one female out of a multitude
to lay eggs. As an example of this, we may take the Hive-bees+, so
remarkable for their elevated instincts and industrious habitsr' A
swarm of bees consists, first, of females whose sexual organs remain
permanently in an undeveloped condition, usually caUed the loorTcers
(fig. 213, a)

; secondly, of perfect males or drones (c)
;
and, thirdly, of a

solitary fertile female, called the queen (b), which gives birth to aU the
progeny of the hive

; and thus, instead of 20,000 or 30,000 eggs being
furnished by every one of as many females, one female only is per-
mitted to be instrumental in perpetuating the species.

* Zur Kenntniss des Generationswechsels und dor Parthenogenesis bei den
Insekten, 1858.

t " On the Ova and Pseudova of Insects," Phil. Trans. 1858.

t For ample details concerning the habits of these interesting creatures, the reader
is referred to Dr. Bevan's work ' On tlie noney-bee ; its Natural History Phv
Biology, and Management.' 1 vol. 12mo. London.
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(894.) The Termite Ants likewise, were it not for a similar restric-

tion, would soon, by their overwhelming increase, depoiiulate whole re-

gions of the earth, and render the countries in which they are met with

absolutely uninhabitable by their extreme voracity. A community of

Termites is said to consist of five different classes, namely :—winged

males and females (fig. 268, a) ;
apterous neuters, or soldiers, which have

large heads furnished with strong projecting mandibles (u)
;
un-winged

pupte, having a smaller head and only the rudiments of wings (c)

;

and, lastly, of similarly formed larvce or worlcers (d), differing from the

pupae only in wanting the rudiments of wings. The following is a

brief history of the establishment and growth of a colony of these insects,

Fig. 268.

Colony of Termite Ants. A. Winged male. B. Soldier. C. Wingless pupa. D. Workers.

E. Queen Termite enormously distended with eggs.

as narrated by Burmeister*. At the termination of the hot season, the

young males and females disclosed in a nest quit it, and appear upon the

surface of the earth, where they swarm in innumerable hosts, and pair.

* Manual of Entomology, p. 53.5.



METAMOEPHOSIS OF MUSCIDiE AND LEPIDOPTBEA. 369

The busy workers then convey a chosen male and a female back into

the dwelling, and imprison them in the central royal cell, the entrances

to which they decrease and guard : through these apertures the im-

prisoned pair then receive the nutriment they require. The male now,

as amongst aU other insects, speedily dies after the impregnation of the

female has been effected ; but the female from this j)eriod begins to

swell enormously, from the development of her countless eggs ; and by

the time she is ready to commence laying, her abdomen is about 1500 or

2000 times as large as aU the rest of her body (fig. 268, e). During

the period of this swelling, the workers remove the waUs of the royal

apartment, uniting the nearest cells to it ; so that in proportion to the

increase of the body of the queen, the size of the abode she inhabits is

also increased. She now commences laying eggs ; and during the pro-

cess the abdomen exhibits a continual undulatory motion, produced by
the peristaltic movement of the egg-duets ; while the workers convey

away the eggs as they are laid, and deposit them in the distant rearing-

cells of their wonderful habitation. The reader will be able to form
some idea of the relative proportions and outward appearance of the

edifices erected by these comparatively minute beings by the group of

their citadels represented in the background of the figure; but to

describe them more minutely would lead us into details unconnected
with our subject*.

(895.) The eggs of insects vary much in shape and external con-
figuration

;
and, from the beauty of their forms and exquisite sculpture,

some of them are interesting objects for the microscope.

(896.) "We have already spoken concerning the metamorphoses which
insects undergo during the progress of their development from the form
under which they first leave the egg to

their mature condition, when they

become fertile, and, in most instances,

acquire those instruments of flight so

generally characteristic of their perfect

state. Before entering upon a more
minute inquiry concerning the physio-

logical principles upon which the im-
portant changes in question depend, and
the phenomena attending the process,

it will be advisable to cite a few more
examples illustrative of the most interesting varieties of metamorphosis
signalized by authors. Fabricius distinguishes five difi'erent kinds of
metamorphosis, and has applied a different name to each.

(897.) The first class comprises all insects of which the larva is a
maggot entirely deprived of legs, that, after having changed its skin, or
moulted, a certain number of times, becomes, previously to its last change,

* Vide Sineathrnan, Phil. Trana. vol. Ixxi. 1781.

2 n

a, an egg, ex-Eggs of a Butterfly:
hibiting its external sculpture

; b, manner
in which the young Cateriiillar is folded
up in the egg ; c, escape of a Caterpillar
from the egg-shell.
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encased in an oval horny sheath, or pupa-case, whereon not the least

trace of the limbs of the mature insect is to be detected. Such pupae

are absolutely without the power of motion, and are distinguished by

the name of coarctate. Examples of this sort of metamorphosis are met

with in the common Flies (Muscidce) ; and the forms of their larvae and

pupae are familiar to every one. "When the maggots of the Blow-fly

(Musca vomitoria) have arrived at their full growth, they quit the

putrescent flesh upon which they have so long enjoyed themselves, and

bury themselves in the earth, where they remain for two or three

days without undergoing any apparent change ; but at the end of this

period a wonderful transformation takes place. The worm-like grub,

which Avas previously white, transparent, and soft, and which in shape

resembled an elongated tapering cone, assumes the form of an egg en-

cased in an opaque brittle shell, the colour of which is a deep reddish

brown. This extraordinary change, when once commenced, is speedily

effected ; the creature which five or six minutes previously was capable

of lengthening and shortening its body, becomes permanently rigid, and

incapable of motion. On opening one of these chrysalis cases some

twenty-four hours after this remarkable transformation, the included

mass presents not the slightest appearance of an insect ; it has neither

legs, wings, nor head ; it seems to consist altogether of a creamy fluid,

the consistence of which is just sufficient to make its particles cohere,

so as to form an elongated oval mass. The first part of the process,

therefore, consists in melting down, as it were, all the tissues of the

original maggot, and converting them into a creamy pulp, much in the

same manner as the yelk of an egg during the early stages of develop-

ment becomes reduced by repeated fission to a state of homogeneous

pultaceous semifluidity. Moreover, in losing its skin, the larva has

Fig. 270.

Metamorphosis of the Flesh-fly (Mvsca.) : a, the eggs ; b, young maggots just hatched

;

c, d, full-grown maggots ; e, pupa imago.

likewise parted with its respiratory stigmata, which have been cast off

with the integument that is no longer its own, as also the apparatus

of horny hooks which formerly served it both for teeth and locomotive

organs.

(898.) On opening one of these chrysalids five or six days after its

first transformation, instead of a shapeless pulp it will be found to

enclose a pupa, which, although still white and colourless, is provided

with a complete set of limbs, as yet insheathed in delicate transparent
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cases, as also with a proboscis folded up beneath the thoracic region of

the body. The head is now large and well-formed, and the network of

its compound eyes distinctly perceptible.

(899.) The growth of so many parts while the body of the insect

undergoes no enlargement (for it always exactly fiUs the chrysalis-case)

is a circumstance not easily intelligible
; nevertheless, by a little care,

and by examining a sufficient number of chrysalids of different ages,

the whole process will be satisfactorily explained.

(900.) The young pupa at an early stage will be found to present, at
the anterior extremity of its body, a cavity from which the hook-like
jaws become detached ; and it is from the walls of the cavity so formed
that the parts of the head are subsequently developed. It is, to use
Reaumur's illustration, as though a child should be born having its head,
neck, shoulders, and arms squeezed into the cavity of its chest, so that
none of those parts are at first visible externally, but, as they slowly
emerge from their concealment, successively assume their proper places,

(901.) The sequence of these remarkable evolutions may be desciibed
as foUows :—The chrysaHd (a, fig. 271) presents very much the ap-
pearance of a small barrel, the upper end of which still exhibits the
two principal stigmata or breathing-holes, that in the maggot afforded
entrance to the air required for respiration. In the second drawing
(f>) a portion of the chrysalis-case

has been removed, showing the ex-
ternal condition of the as yet limbless

pupa, which, having cast off even
the homy hooks constituting the ex-
traordinary dental apparatus of the
larva, leaves it attached to the walls
of its prison, and, becoming con-
verted into a soft pultaceous mass,
loses even the appearance of having
been alive. While concealed from
observation in the interior of the pupa-
case, rudimentary limbs begin gradu-
ally to develope themselves (c, d);
but there is as yet no appearance of a
head, which, being formed from the
walls of the cavity where the horny
jaws were originally lodged, is con-
cealed in the thoracic region of the - . -.

body, from which, however, it slowly viT' '^^-'^p--* of the

emerges by a process of evolution (.), and ultimately, unfolding all
ts complicated machinery, converts the previously headless monstrosityinto the semblance of the perfect insect.

^

(902.) Of the second kind, technicaUy named obteeted, the Lepidoptera

2 R 2

Development of Hesh-fly (Musca): a,
barrel-shaped pupa-case, formed from the
hardened skin of the larra; b, enclosed pupa
divested of its hooked jaws; c, d, e, f, pro-
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furnish well-known instancos. The changes which occur in the deve-

lopment of the Silkworm, represented in the annexed figure (fig. 272),

Fig. 272.

Metamorphosis of the Silkworm : A, Chrysalis.

may readily be witnessed. In such insects the full-grown caterpillar,

having enclosed itself in a silken ball, throws off its last skin, and

becomes a quiescent pupa ; but

while in this state, the position of

the rudiments of the wings and

other appendages of the perfect

insect is strongly indicated upon the

exterior of the chrysalis (a), though

these parts are still closely wrapped

up in the external covering.

(903.) The third form of meta-

morphosis, called incomplete, is seen

in the Hymenoptera, and in many

Coleopterous insects. The maggot,

in such tribes as exhibit this kind

of change, is in some species a

simple worm deprived of feet or

other external organs ; in others

these parts exist in a very imperfect

condition: in the pupa, however,

the form of the legs and antennas is

perfectly distinct, and oven the

Fig. 273.

Metamorphosis of the Hive-bee: a, full-

grown larvii; 6,pnpa; r,</,f,/, cggB and young,

newly hatcliecl.
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wings may bo scon as rudiments projecting from the thorax. This kind

of chrysalis is exhibited in the Cockchafer (fig. 274, u), in which the

D
E

Metamorphosis of Melolontha.

grub (c) possesses feebly developed legs ; and in the Hive-bee, althouoh
the larva (fig. 273, a, c, d, e, f) has no legs or exterior appendages, in

Fig. 275.

LaiTa of the Stag Beetle {Luaanus).

the pupa (/;) all the limbs of the perfect Bee are recognized with tlie
utmost facility. Yet all these organs are still enclosed in distinct
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cases (Ihecce), to each of which names have been applied by entomo-
logical writers ; aud it is only on throwing off the integument which
thus imprisons the mature insect that the Boo makes its appearance in

a capacity to begin its active and industrious existence in the winged

state.

(i)04.) Those insects whose larva only differe from the imago in not

being jwssessed of wings (fig. 227, c), Fabricius regarded as undergoing

a semicomplete metamorphosis ; and when the perfect insect did not

accjuire wings at all, but precisely resembled the pupa, he called the

latter cvmjtUti.

(905. ) But there are innumerable examples of metamorphosis which

will not confonu to any of the above definitions ; and in some of them

the phenomena exhibited are not a little remarkable. We have already

mentioned the changes which the Dragonfly \mdergoes (fig. 277),

and have seen that in this case there is no very striking resemblance

K'tweeu the pupa and the adult creature, but, on the contrary, that

wry wonderful changes occur during the last stage of the metamor-

]iho8is. The pupa lives in water
;
and, besides six jointed legs adapted

U) climb the stems of subaquatic plants in search of prey, is possessed

I if a very i>eeuUar locomotive ajiparatus whereby it can propel itself

through the element which it inhabits. Appended to the posterior ex-

tremity of the abdomen we find three or five leaf-like appendages, which

the creature continually opens and closes, and at the same time takes

in a quantity of water, sufficient to fill the muscular termination of the

nrtum. which is expanded for the purpose ; this water is, at intervals,

forciblv exiH'Ued, mingled with bubbles of air, aud thus effects the pro-

pulsion of the animal by a mechanism which human ingenuity has

imixrfectlv attempted to imitate.

(906.) Another remarkable peculiarity is met with in the structure

of the mouth of these a-iuatic larva? ; for the oral apparatus here

forms an instrument of prehension adapted to seize prey at a distance,

and constitutes, in fact, a kind of projectile forceps of a very curious

construction. I^t the reader contrast the following description with
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Fig. 277

that already given of the oi'al organs of the Dragonfly (§ SOS-SOlT),

and observe the remarkable difference :
—" Conceive," says Kirby and

Spence*, "your under lip to be horny instead of fleshy, and to be

elongated perpendicularly downwards, so as to wrap over your chin and

extend to its bottom—that this elongation is then expanded into a

triangvilar convex plate attached

to it by a joint, so as to bend up-

wards again, and fold over the

face as high as the nose, con-

cealing not only the chin and the

first-mentioned elongation, but

the mouth and part of the cheeks ;

conceive, moreover, that to the end

of this last-mentioned plate are

fixed two other convex ones, so

broad as to cover the whole nose

and temples, that these can open

at pleasure, transversely, like a

pair of jaws, so as to expose the

nose and mouth, and that their

inner edges, where they meet, are

cut into numerous sharp teeth or

spines, or armed with one or more
long and sharp claws

;
you will

then have as accurate an idea as

my powers of description can give

of the strange conformation of the

lip in the larvae in question, which
conceals the mouth and face pre-

cisely as I have supposed a similar

construction of your lip would do

yours. You will probably admit
that your own visage would pre-

sent an aijpearance not very en-
Metamorphosis of the Dragonfly.

gaging while concealed by such a mask : but it would strike still more
awe into the spectators were they to see you first open the two
upper jaw-Uke plates (which would project from each temple Hke
the bUnders of a horse), and next, having, by means of the joint at
your chin, let down the whole apparatus and uncovered your face,
employ them in seizing any food that presented itself and conveying it
to your mouth. Yet this procedure is that adopted by the larvte pro-
vided with this strange organ. While it is at rest, it applies close to
and covers the face. When the insects would make use of it, tliey
unfold it like an arm, catch the prey at which they aim by means of

* Introd. to Entom. vol. iii. p. ]2(?.
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the mandibuliform plates (fig. 277, a), and then partly refold it, so as

to hold the prey to the mouth in a convenient position for the operation

of the two pairs of jaws with which they arc provided."

(907.) The metamorphosis of the Gnat {Culex) is not less inter-

Metamoirphoses of the Gnat (Culex pipiens): A, female laying eggs ; B, larva ; C, pupa;

D, imago escaping from the pupa-case.

esting. The female deposits her eggs upon the surface of the water, in

which her offspring are destined to pass the earlier periods of theii-

Fig. 279.

Metamorphosis of the Gnat ( Culex pipiei^). A. Boat of eggs B, a, h, a ^onie of the eggs

magnified ; d, another, showing the lid open for the escape of the larva. C, Larva D, ^upa.

E, Larva magnified, showing:-., the respiratory tube; /, the anal fins; .9, g, the antenna;.

F, the perfect insect, magnified : a, a, antenna:; 6, rostrum.

existence, gluing the ova together at the moment of their extrusion,

so as to unite them into a boat-like mass (fig. 279, a) of such beautiful
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construction that the littlo bark swims secure from injury even during

the roughest weather. Tho individual eggs are of a conical form

(fig. 279, B, a, b, c), and are closed at tlieir inferior extremity by a kind

of lid (d), provided to give egress to the mature embryo. The larva (c),

represented upon a magnified scale at e, bears not the slightest resem-

blance to the perfect insect, and is provided with a singular modification

of the respiratory apparatus, adapted to its habits. The head is large,

and carries two ciliated organs (g, g), which by their movements bring

food towards the mouth ; the thorax is even larger than the head, and

is furnished with fin-like bunches of minute hairs, as likewise are the

segments of the abdomen. To the extremity of the tail is appended a

group of moveable leaflets or fins, so disposed that by their action they

sustain the larva at the top of the water, where it generally remains

suspended with its head downwards. Such a position would obviously

render respiration impossible were there not a corresponding arrange-

ment of the breathing-organs to allow of free communication with the

air. Por this purpose, the respiratory tracheae are found to be con-

nected with a tube appended to the antepenultimate segment of the

abdomen, the perforated extremity of which, being raised above the

water, procures from the atmosphere the oxygen required for respira-

tion. After several moults, the larva, having attained its fuU growth,
enters the pupa-state, and in this condition still remains an inhabitant

of the water, and occupies a position near the surface. A remarkable
change, however, is visible in all parts of its structure. The head and
thorax (fig. 279, d) are consolidated into one large mass, under which
the lineaments of the mature insect may be detected ; while the tail

still continues to be the agent employed in natation. The condition of
the respiratory organs, moreover, is completely altered : the tube fixed

upon the antepenultimate segment of the larva has totally disappeared,
and instead of it we find two tubes appended to the back of the thorax

;

these, although they perform the same ofiSce as the anal pipe of the
larva, are thus displaced in order to correspond with the altered posi-
tion in which the animal now swims,—the back of the thorax, and not
the tail, being nearest to the surface, as represented in the drawing (d).

The necessity for this change of posture, and consequent removal of the
apparatus for taking in air from one part of the body to another, will
be at once obvious when we consider the circumstances under which the
perfect insect, having completed its development, emerges from its pupa-
investments and enters upon an aerial existence. The problem to bo
solved is, how shall the mature gnat escape from tho water without
being wetted ? and when we consider that neither the larva nor tho
pupa possesses instruments of locomotion capable of enabling it to leave
its native element by crawling on shore, the difiiculties attending tho
change appear almost insurmountable. It is evident that, while swim-
ming in the position in which the larva floats (fig. 279, c), tho last change
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could not by any possibility be accomplished, as the bursting of the

integument would at once admit the water to the submerged gnat, and

drown it at the moment of its birth ; but by the new arrangement the

metamorphosis is easily effected, and that in a manner so beautiful

that it is hard to say which is most admirable, the simplicity of the

contrivance, or the perfection with which the object is accomplished.

No sooner has the encased imago become fitted for its escape than the

pupa, rendered more buoyant, raises its back above the surface ; the

protruded portion of the pupa-case soon dries, and gradually begins to

split in a longitudinal direction, so as to form by its expansion a boat

wherein the gnat swims upon the top of its native pond ; and sustained

in this frail bark, formed by its late skin, it gradually extricates its legs

and wings from their coverings, and is kept perfectly dry until the

expansion of its instruments of flight enables it to soar into the air

and quit for ever the raft so singularly provided for its use. Corethra

plumicornis (another species of gnat scarcely distinguishable from that

whose history we have given above) is derived from a larva of totally dis-

similar appearance, usually called the " glass-larva." The transparency

of its body is such as to allow its internal structure to be plainly

Fig. 280.

Fis. 281.

Larva of Corethra pluniicornis.

visible ; while the symmetry of its shape, the vivacity of its move-

ments, the fan-shaped plume beneath its armed tail (which, as a fin,

propels it through the water), its pike-like voracity, and the rutblessness

Avith which it seizes prey render this creature a favourite subject of

microscopic study. Its mouth presents a terrible

apparatus ; but the most characteristic feature in

its economy is the existence of two remarkable

pairs of reniform organs filled with air, situated,

two of them in the thoracic, and two near the

centre of the posterior half of its body. The

walls of these air-sacs, when highly magnified, are

found to be composed of numerous coils of a delicate

fibre, similar to that which maintains the per-

meability of the tracheae in ordinary insects. The

change from the larva- to the pupa-condition in-

volves several remarkable phenomena : the con-

tained air-sacs at this period of the creature's life

suddenly burst and unfold themselves into an

elaborate tracheal system, of which previously no truces were per-

ceptible ; and a pair of tubular organs make their appearance upon

Pupee of Corethra

phtmicoritis.
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the dorsal aspect of the thorax, which, as in the case of the gnat,

facilitate the escape of the winged insect when entering upon its aerial

state of existence.

(908.) The metamorphosis of the Chameleon Fly {Stratyomys) is

equally peculiar. The larvas of this insect have their body elongated

and flat, furnished at one extremity with a scaly head armed with
a remai'kably constructed mouth, and at the other provided with a

circlet of plumed hairs surrounding the respiratory aperture, which
is situated at the end of the tail. When the time arrives for their

entering upon the pupa-state of their existence, they do not change
their shape, but their outer skin, becoming stiff and motionless,

is transformed into a pupa-case, within which the insect remains en-
closed. In this condition they float upon the top of the water, while
the pupa, shrunk up towards one end of its strangely formed cradle,

awaits the completion of its nascent limbs (fig. 282). As soon, however,
as its legs and wings become fit for use the pupa-case splits in the
vicinity of the second segment, and allows the new-born insect to come
forth, furnishing at the same time a raft upon which it is supported
during the brief period requisite for drying its wings and fitting them
for flight in a new element.

(909.) In the Ephemeron, so brief is the life of the insect in its

winged condition, that special provision has to be made for the fertili-
zation and preservation of its eggs. No

Fig. 282.sooner have the insects emerged from the
water than the females are impregnated, the
act of impregnation occupying but a few
moments; and shortly afterwards their
eggs, which are packed up in little bundles,
are cast all at once into the water ; their

whole life would be too short to allow them
to be deposited one by one. The propa-
gation of their race is indeed the only oc-
cupation of these insects after they have
assumed the winged state; they do not
even eat or take the slightest nourishment
during the few hours assigned to their ex-
istence in this condition. If, hoAvever, we
trace their life from its commencement,
their career is of much longer duration.
In their larva- and pupa-state they have
been, for a period extending over two or
three years, inhabitants of the water, under forms represented in the
accompanying drawing (fig, 283).

(910.) The Wasp Flies {Eristcdis), everywhere to be seen on a hot
day, hovenng before the flowers in our gardens, and darting here

Metamorphosis of Chameleon
Fly {Strafyomys) : a, winged imago
escaiiing from the exiivium formed
of the skin of the larva (6).
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and there with sudden jerking movements, commeiice their life under

a very different aspect. Their larvso are provided with a breathing-

apparatus which in its shape somewhat resonibles the tail of a rat,

and which they are able to elongate or shorten, so as always to keej)

Fig. 283.

Fig. 284.

Metamorphosis of the May-fly iSphemeron).

its tubular extremity above the surface of the filthy water of reser-

voirs, drains, and cesspools, in which these creatures live. So re-

markable are these telescope-tailed larvae for their tenacity of

life, that they are said to be able to

bear almost any amount of pressure

without being killed. When about to

become transformed into pupae, the outer

skin hardens into a pupa-case, wherein

the last changes are accomplished.

(911.) The metamorphosis of the

Ant-lion {Myrmeleo) is equally worthy

of our notice. The larva of this insect

(which is not uncommon in the south of

Europe) has acquired the name applied

to it by the destruction it causes among

ants. Its abdomen is remarkably

bulky in proportion to the rest of its

body ; and its mouth is furnished with

two long mandibles, resembling horns,

which, being hollow, not only serve as

instruments for seizing prey, but as

sucking-tubes, through which its juices

are extracted. Although provided with

six legs, it walks slowly, and almost always backwards.

Metamorphosis of Wasp Fly (Mri-

stalU): a, rat-taik'd larva ; 6, c, </, pupa?

in their pupa-cases, formed by the skin

of the larva, in diflerent stages of

growth ;
e, the winged insect.

In order to
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entrap its proy it constructs an ingenious pit-fall in the loose sand,

at the bottom of which it conceals itself, leaving nothing visible but

its formidable jaws. In this position it patiently awaits the arrival

of some incautious insect, which, by tumbling over the edge of its den,

Fig. 285.

Metamorphosis of the Ant-lion (Myrmeleo).

falls to the bottom, and thus becomes an easy prey. In order to adapt
the larval Ant-lion to this spider-like mode of life, it is gifted with the
power of fasting for a long period

; and, as the animal juices upon
which it feeds afford no excrementitious matter, its alimentary canal is

unprovided with any outlet. When the time for its transformation
arrives, the lai-va spins for itself a cocoon of silky material, which it

covers externaUy with grains of sand, so as effectuaUy to mask it from
observation

; and after the lapse of from fifteen to twenty days the
perfect insect issues forth, after depositing its worn-out pupa-case at the
door of the silken domicile wherein it has been concealed. In the
Ant-lion (by a remarkable exception to the usual arrangement) the
silk-spinning apparatus is situated (as in spiders) at the posterior ex-
tremity of the abdomen.

(912.) Having thus become acquainted with the various conditions
under which insects arrive at maturity, and the principal forms that
they exhibit during the different stages of the metamorphosis, the reader
will be prepared to investigate more minutely the changes in progress
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during the process, and the gradual development of the organs which

successively make their appearance. On examining the viscera of a

Caterpillar, they are found scarcely at all to resemble those of the

Butterfly or Moth, into which a larva of this description is ultimately

matured. The jaws (fig. 289, h h), widely different, both in structure

and office from the proboscis which represents them in the perfect

insect (fig. 246), are strong and horny shears adapted to cut the leaves

of vegetables and other coarse materials used as food ; the oesophagus

(fig. 286, g h) is strong, muscular, and capacious ; and the stomach

(h i), in capacity corresponding with the extraordinary voracity exhi-

bited by the larva, passes insensibly into a wide intestine (Z m), the

line of separation being only indicated by the entrance of the biliary

vessels (]c) that wind in numerous convolutions around the posterior half

of the alimentary canal. It is sufficient to contrast this arrangement

of the digestive organs with what we have already described in the

Butterfly (fig. 246), to appreciate the amazing dissimilarity : it would

be difficult, indeed, to imagine, did not anatomy convince us of the fact,

that the digestive apparatus of the imago, with its slender oesopha^s,

dilated crop, short sacculated stomach, long and convoluted small in-

testine, and capacious colon, was derived from a gradual modification of

such viscera as those we have just been considering. The salivary

glands of the Caterpillar (fig. 286, q, r) are large cylindrical caeca ; and

their ducts (p) pour into the mouth an abundance of saliva proportioned

to the coarse nature of the materials used as food.

(913.) The sides of the body are traversed by the wide longitudinal

trachea? {a h c), that communicate on the one hand with the lateral

spiracles, and on the other give off at regular intervals the air-tubes

(d, e, e, e, e), which ramify most minutely over all the viscera, and convey

the atmospheric air throughout the entire system.

(914.) Besides the above organs, there are other viscera, which,

although of considerable importance to the Caterpillar, would be utterly

useless to the imago, and consequently are more or less completely

wanting in the mature state.

(915.) The whole body of the larva is filled with a peculiar fatty tissue

(fig. 286, ///), called by entomologists the rete, epiploon, or fat-mass.

This material, found in great abundance in mature and well-fed larvae,

consists of an oily or greasy substance enveloped in a most delicate

cellulosity, and seems to correspond to the fat of higher animals, like

which it is indubitably a product of digestion, and a repository of super-

abundant nourishment, stored up, no doubt, for the sustenance of the

animal during its helpless condition in the dormant or pupa state

—

serving, like the fat of hibernating quadrupeds, for food during the con-

finement of the imago.

(916.) One of the most remarkable features in the larvae under con-

sideration is the presence of an apparatus employed for producing a
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tenacious thread of extreme delicacy, appropriated by different species

a J l^H^ r
" ' r°P''«g««' * »• ^'o^och; k, hepatic vessels; I m, intestine;

aZ'
P- sahvary duct; « b c, longitudinal tracheal trunks: d,e e,c e, ».W-tuhlnd^s nhuted to the vsocra; ///, the epiploon or fat-innss; « :r silk-seeret^rs ^ Xir „cretory duets, temiinnt.ng in /, the spinneret orfuaului.

»»-i.n.ior8
,

z, Itien ex-
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Metamorphosis of the

pillar of a Moth {Tortrix)

c, imago.

leaf-rolling Cater-

6, lan'a ; a, pupa

;

to various purposes. In many cases (fig. 287) it is made subservient

to locomotion ; and by its assistance, as by a rope, the larva can suspend

itself from any object, or let itself

down from one branch to another ^B- 287.

in search of food. Most of the

uses, howevei', to which this thread

is applied are connected with the

concealment and protection of the

quiescent and defenceless jmpa

—

either furnishing the means of

suspending the chrysalis in a place

of safety* (fig. 288), or, as is the

case with the Silkworm (fig. 272),

supplying the material with which

the caterpillar encases itself pre-

paratory to throwing off the last

skin of the larva. The thread of

the last-named insect, the Silk-

worm, is of great tenacity, and, notwithstanding its fineness, may be

wound off from the cocoon in
288

a continuous thread, forming ^'

the important article of com-

merce, silk.

(917.) Nothing can be more

simple than the apparatus

provided in caterpillars for

the production of this valu-

able commodity. Placed on

each side of the intestine are

two long and tortuous se-

creting C88ca (fig. 286, V, x, y),

that separate from the sur-

rounding juices of the body a

tenacious viscid fluid, which

is liquid silk. The viscid se-

cretion thus formed is in the

Silkworm of a golden-yellow

colour, and is conveyed by the

excretory ducts of the secern-

ing organs (z) to the labium

or under-lip, where the ducts

terminate at the base of a

tubular instrument, the fasulus or spinneret, through which the sUk

* For a most amusing account of the manner in which some chrysalides manage,

without any external limbs, to suspend themselves by the t ail in a position of security,

Process whereby a chrysalis becomes suspended by

the tail. (See note *.)



Head of a Caterijillar, from beneath: a, a
antennse; b, b, horny jaws; e, thread of silk
emitted from the conical fusulus, which is
seen surrounded by four rudimentary palpi.
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is drawn (fig. 289, c). The fusulus of the Silkworm, represented in
the annexed figure upon an enlarged scale, is a simple nipple-

shaped prominence, perforated at

its extremity, and surrounded by
four rudimentary palpi. When
about to spin, the larva, placing

the extremity of its spinneret in

contact with some neighbouring

object, allows a minute drop of the

glutinous secretion to exude from
its extremity, which, of course,

adheres to the surface upon which
it is placed : the head of the Silk-

worm being then slowly with-
drawn, the fluid silk is drawn out
in a delicate thread through the

aperture of the spinneret, its thick-

ness being regulated by the size of

the orifice, and, immediately hard-
ening by the evaporation of its

fluid parts, forms a filament of
silk, which can be prolonged at the
pleasure of the animal until the contents of its silk-reservoirs are
completely exhausted.

(918.) Such is the structure of the larva of a Lepidopterous insect:
and the arrangement of its internal viscera, when arrived at maturity
has been already described. We have yet, however, to mention the
series of phenomena observable during the progress of its growth, and
the mode of its expansion from the minute size that it exhibits on
leaving the egg to the full dimensions which it ultimately acquii-es
In order fully to understand the circumstances connected with this part
of our subject, it is necessary to premise that the outer integument ofmost lai-v^ IS of a dense corneous texture, coriaceous in some parts,
but quite hard and horny in others. In the second place, it is buvery shghtly extensible; and, moreover, as is always the case withepidenmc structures, it is not permeated by any vascular apparatus,and consequently is absolutely incapable of growth when once formed.
Jhis epidermis encaŝ ^evgyppigo^ the larva : the body, the legs,

the reader is referred to Kirby and Spence, vol. iii p 207 Fisr 2Rft illn^f. f
different steps attending the process Tlie Ur^luf u

^' '^'^^^''^^^^ the

ts:^^tk££^^^^^^
the (.^, and 1.^;^^^:^::^!^ sts^;;rpupa now lays hold of the old skin, nipping it between the rings o trabdoZand hanging :n this posture inserts the apex of the tail, which is covered Th 13.^?^'the purpose, anto the silk previously deposited, and thus remairfellt iy'(l7

2 c
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Fig. 290.

(7 -J

the antonniB, the jaws, and all external organs arc closely invested

by a ciiticular envelope such as, from its want of extensibility,

would form an insuperable obstacle to development, were there not

some extraordinary provision made to meet the necessity of the case.

The plan adopted is, to cast off at in-

tervals the old cuticle by a process termed

moulting—an operation which is repeated

several times during the life of the insect

in its larva-condition, and is accomplished

in the following manner :—The cater-

pillar becomes for a few days sluggish

and inactive, leaves off eating, and en-

deavours to conceal itself from obser-

vation. The skin, or, more properly, the

cuticle, becomes loosened from the sub-

jacent tissues ; and soon a rent appears

upon the back of the animal, which
gradually enlarges in a longitudinal di-

rection ; and the imprisoned insect, after

a long series of eflforts, at length succeeds

in extricating itself from its old covering,

and appears in a new skin of larger di-

mensions than the one it replaces, which,

however, in all other particulars it closely

resembles. With the old epidermis the

larva throws off aU external appendages

to the cuticle : the horny coverings of the

jaws, the comese of the eyes, the cases

of the claws, are all removed ; and many
writers have even found attached to the

exuviae an epidermic pellicle that had formed a lining to the rectum,

and delicate prolongations of the cuticle derived from the interior of

the larger ramifications of the air-tubes. Absurd, indeed, have been

the explanations given by various writers of the nature of the process

under consideration. Swammerdam and Bonnet, nay, even our own
illustrious entomologists Kirby and Spence, believed that even at the

birth of the caterpillar aU these skins existed ready-formed one beneath

the other, and that the most external being removed at intervals dis-

played in succession the skins placed underneath. Surely the advocates

of this extraordinary theory could scarcely have reflected upon the

real object of the moults in question (namely, to provide a succession of

larger coverings proportioned to the continually increasing bulk of the

larva) when they advocated this strange doctrine, alike at variance with

observation and sound physiological principles. The epidermis and all

cuticular structures are mere secretions from the subjacent cutis or

Sillc-forming apparatus of the Silk-

worm {Bombyx Mori): a, fumlw,
b, BiLk-glands ; c, mandibles.
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true skin ; and it can bo uo more necessary to suppose the pre-
existence of so many skins in order to explain the moults of a larva,

than to imagine that because, when in our own persons the cuticle is

removed by the application of

Fig. 291.
a blister, a new layer of epi-

dermis is again and again pro-

duced, man should possess as

many skins, one beneath the

other. Nothing, in fact, can
be more simple and free from
the miraculous than the whole
process: at certain periods,

when the old cuticle has grown
too small for the rapidly en-

larging dimensions of the in-

sect, it becomes gradually

loosened and separated from the

vascular and living skin or cutis

by which it was originally se-

creted
; and, a new secretion of

corneous matter taking place, a

fresh and more extensive layer

of cuticle is slowly formed, and
then the old, dry and dead epi-

dermis, being quite detached, is

split by the exertions of the

larva, and the newly-secreted
layer placed beneath it appears. "When the old skin is at length com-
pletely thrown off, the newly formed one soon hardens by exposure,
and the reclothed caterpiUar assumes again its former activity and habits.'

(919.) Neither is the change from the larva to the pupa or chrysalis
less easily explained, although regarded by our forefathers as being so
mysterious and astonishing a phenomenon. According to the hypothesis
above aHuded to, after removing three or four skins in the embryo larva
the anatomist ought to have arrived at the totally different pupa-case
ready-formed and only waiting for the removal of the coats above it to
exhibit Its characteristic form. Leaving, however, such visionary notions
let us examine the real nature of this portion of the metamorphosis.
The reader wiU bear in mind that, whatever the form of the exterior or
epidermic crust, it is merely a dead and oxtravascular secretion un-
changeable when once deposited. But the living skin or cutis beneath
It 18, dunfi^ the whole process of the metamorphosis, xmdergoing great
and important changes-increasing only in size during the larva-condi-
tion, but when perfectly organized developing itself at different pointsand expanding into variously shaped organs which did not previously

2 c 2

Metamorphosis of Telescope-tailed larva:
A, larva; B, pupa; C, imago.
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exist. In the Dragonfly, for example (fig. 277), when the cutis had

become expanded to its mature Zarva-condition, it secreted from its

surface the external epidermic crust which gives form to the larva (b) ;

this outward integument remains, of course, unchanged when once

formed, and retains the same appearance during the whole period of the

existence of the insect in its larva-state ; but underneath this cuticle,

and consequently concealed from observation, the growth of the living

dermis still goes on, and important organs begin to appear, which had

no existence when the last larva-investment was secreted. The wings

have sprouted as it were from the shoulders, and already have attained

to a certain growth ; the whole integument of the larva becomes useless,

and a new one is wanted : the process already described is repeated
;

the old cuticle becomes detached from the surface of the body, and the

cutis begins to secrete for itself a new covering moulded upon its own

shape. The newly formed wings, therefore, and other newly-developed

processes of the dermis, secrete horny coverings for themselves in the

same manner as other parts of the surface of the body ; and thus, when

the insect leaves its old skin, and once more escapes from confinement,

it presents to view the wing-cases which distinguish the pupa,

(920.) Whatever may be the form of the pupa, its covering is secreted

in a similar way ; it is the living and vascular skin which, though con-

cealed, continually grows more perfect in its parts ; and the cases se-

creted by it at distant intervals correspond in shape with the different

phases of its development,

(921.) After having attained the pupa-state, the last steps of the

process are completed, and the dermic system becomes fully developed

in all its parts. The oral apparatus attains its perfect condition ; the

wonderfully elaborate structure of the eyes is completed ; the antennae

assume their full development ; the legs, enclosed in those of the pupa,

attain their mature form ; and the wings, which have been continually

growing, although concealed in the wing-cases of the pupa, acquire

their ultimate size : the perfect insect is ready for liberation, and,

enclosed in its last covering, creeps out of the water in which it has

so long resided, to enter upon a new state of existence. Pixing itself

upon some plant in the neighbourhood of its birthplace, the im-

prisoned Dragonfly splits its pupa- case along the back (fig. 292, a), and

slowly extricates its head and body ; it then draws its wings from their

coverings, and its legs from those of the pupa as from cast-off boots

and at length (fig. 292, b), getting its body from its now useless covering,

it becomes entirely free. The wings, before soft and crumpled, slowly

expand (fig. 292, c) ; the nervures harden; the extended membranes

dry; and in a short time the winged tyrant of the insect world

(fig. 211) commences his aerial career.

(922.) A strong argument in favour of the above views concerning

the production of successive skins from the dermis is derived from the
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phenomena attending the cure of tvounds in insects. If a perfect insect

be woimded, the wound is never healed at all ; and if a larva or pupa

is similarly injured, the wound remains uncicatrized u,ntil the next

moult, when the newly-formed integument is found to exhibit no traces

of the injury. The se-

creted and extravascular

cuticle cannot cicatrize ;

but the living and vascular

dermis is not only able to

repair injuries inflicted

upon itself, but, in secre-

ting the next investment,

to obliterate all indications

of their occurrence.

(923.) The changes

above described are pro-

duced by the progressive

development ofthe dermic

or tegumentary system,

the parts of which, as we
have already seen, be-

coming strengthened and

consolidated by degrees,

ultimately acquire that

density of structure which

the external skeleton of

the insect exhibits in its

perfect or imago state.

But while this extraordi-

nary metamorphosis is

going on externally, other

changes not less important

are in progress in the in-

terior of the body. The
size of the alimentary

canal, and the shape,

proportionate dimensions,

and general arrangement
of the different parts com-
posing it, are secretly and
imperceptibly undergoing

Metamorphosis ofthe Dragonfly: A, B, escape of the imago
from Its pupa-case; C, expansion of the, as yet, undeveloped
wings.

variations m accordance with the altered
necessities of the animal. We have already seen a conspicuous example
of this in Lepidopterous insects, § 912 ; and in other orders equally
stnking instances might easily be selected. One of the most remark
able IS met with in many Hymenopiera, as, for example, in Bees {Api.)
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Metamoq^hoBes of the HiTo-bee, showing larvse in

different stages of growth in their cells, over which is a
royal cell containing a queen-pupa; a worker is feeding

the young brood.

(fig. 293), Wasps (Vespa), and Ant-lious (Formica ho), as well as iu
most of the Ichneumonidoi. In all these genera, the larva being con-
cealed in a close cell dnringits development, under circumstances which
would render the evacuation of cxcrementitious matter an obvious in-
convenience, both the larva

and pupa (fig. 293) are on- Fig. 293.

tirely without either intestinal

canal or anal orifice,—what
little excrement is produced

by the digestion of the highly

nutritive substances where-

with these larvae are fed being

collected in a blind cavity or

caecum placed behind the

stomach, until the accomplish-

ment of the last change—at

which period, the insect, libe-

rated from its confinement,

becomes provided with a per-

vious intestine, and able to get rid of feculent matter.

(924.) The fat-mass (§ 915), which at the close of the larva-state

has reached its maximum of development, is gradually absorbed during

the concealment of the insect in its pupa-case, its nutritive portions

being no doubt appropriated to the nourishment of the pupa ; so that

in the mature insect the fatty material has almost entirely disappeared,

nothing being left in its place but the dense cellular web in which the

fat had been deposited.

(925.) The silk-secreting apparatus of such genera as possess the

means of spinning a sUken thread is peculiar to the larvae ; and after

the commencement of the pupa-state, no traces of its previous existence

are to be detected.

(926.) But while the above-mentioned organs disappear, others be-

come developed ; and the perfect insect is found to possess viscera for

which a skilful anatomist might seek in vain in the earher stages of its

existence. The generative system appears, at first, to be absolutely

wanting in the larva; but Herold*, after much patient investigation,

succeeded in detecting the undeveloped rudiments of the future sexual

organs, both of the male and female. It is during the maturation of

the pupa that these important parts expand ; and before the disclosure

of the imago they are found to have attained their complete proportions,

so as to be ready to perform their functions as soon as the expansion of

the wings endows the insect with means of locomotion sufficiently perfect

to ensure the due dispersion of the species.

(927.) It is in the nervous system, however, that the most interesting

* Eiitwickoliingsgeschicbto tier Schmetterlingc. 1815, 4to.
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Fig. 294.

phenomena are observable ; and in the lessons afforded by watching the

correspondence between the state of the animal during the several phases

of its existence and the development of the nervous ganglia, the physi-

ologist cannot fail to recognize those great and general principles upon

which our arrangement of the animal creation is based. In the worm-

like larva the ganglia are numerous,

but of small dimensions—too feeble

to be capable of animating powerful

limbs, or of appreciating impressions

from the organs of the higher senses

;

the animal is, in fact, precisely in

the condition of an Annelidan,

which it would seem to represent.

External Kmbs are therefore abso-

lutely wanting in many larvae ; in

others they are represented by short

and stunted appendages; and even

in the most perfect, or hexapod larvte,

they are feeble instmments in compa-

risonwith those of the mature imago.

The senses exhibit equal imperfec-

tion ; and eyes are either entirely

wanting, or are mere ocelli—simple

specks, exhibiting the lowest possible

organization of a visual apparatus.

But as the growth of the larva goes

on, a change in the arrangement of

the nervous system is perpetually in

progress. The series of nervous

cords connecting the different pairs

of ventral ganglia in the larva (fig.

295, a) become flexuous as the insect

attains the pupa-state; the whole
chain becomes shorter; the brain,

or encephalic ganglion, increases in

its proportionate dimensions
; and, moreover, several ganglia, originally

distinct, coalesce, and form larger and more powerful masses (fig. 295, n).
This coalescence of the ganglia, which talces place more especiaUy in
the thoracic region, is evidently a preparation for the concentration of
greater power and activity in this part of the body ; and although in
inactive cJirysalids this change is not as yet visible by its effects, in the
axjtivo forms even the pupa is distinguished from the larva by 'a con-
siderable increase of vigour and energy in its movements. In the
hmffo the concentration of the nervous centres is carried to that extent
which is adapted to the necessities of the mature state : their numboi-

Viscera of a Butterfly represented in sit u

:

a a, dorsal vessel ; b, abdominal cavity ; c,

oesophagus; d, crop
; /, stomach ; e, biliary

vessels twining around the small intestine;

g, large intestine. The generative glands
occupy a position between the small Ln-

testiue and the dorsal vessel.
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is still further reduced (fig. 295, c) ; their size, in the thorax especially,
considerably increased

; and the brain, now arrived at its maximum of
development, is furnished with the wonderful apparatus of eyes, and
other instruments of the senses, which heretofore would have been
absolutely useless, but now, with the expansion of the brain, have
become suited to the more exalted faculties of the insect.

(928.) Many insects are capable of producing audible sounds ; and

Fig. 295.

B OA

Changes which the nervous system undergoes during the progress of Insect-metamorphosis

:

A, nerrous system of the Larva ; B, that of the Pupa ; C, that of the Imago or perfect insect.

sometimes the noises they make are exceedingly shrill, and may be

heard at some distance. Such sounds originate from various causes in

different tribes ; and it is not always easy to detect the mode of their

production. In many Beetles they arc caused by rubbing different

parts of their dense integument against each other ; and the chirping of

several Orthoptera seems to have a similar origin : the acute note that

these insects utter is apparently produced by friction, the edges of their

hard pergamentacoous wings being either scraped against each other.
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or against tlie long and serrated edges of their thighs. The buzzing

and humming noises heard during the flight of many genera result from

Fig. 296.

Kg. 297.

Metamorphosis of Ifut-weevil (Rhynchimts mieum, Fabr.).

the forcible expulsion of the air as it streams through the respirator^'

spiracles, whose orifices Burmeister imagines are furnished with vibratory

laminae, to the rapid movements of which the

noise may be due. In the genera Oryllus and

Cicada among the Orthoptera, however, there is

a peculiar apparatus specially provided for the

production of the loud chirping to which such

insects give utterance. Upon the first segment
of the abdomen, covered by a broad moveable
plate (fig. 297, a), there is a large aperture,

wherein a tense plicated membrane is observable.

This membrane is acted upon internally by cer-

tain muscles able to throw it into rapid vibration,

and thus give rise to the sound in question.

(929.) One other point connected with this

interesting class of animals requires brief notice.

Many insects are endowed with the faculty of
emitting phosphorescent light, which is in some
species exceedingly brilliant. The Elateridce

among Beetles are preeminently luminous ; and in them the light
seems to be principally given out by two oval spaces upon the thorax,
which in the dead insect are of a greenish hue : during life, some species
{Elater noctilucm) are so strongly phosphorescent as to enable a person to
read a book by passing the animal over the lines. The Lamjjyrides emit

Musical apiinratus of Ci-

cada: a, moveable horny
plate, tlravm aside to display

the plicated membrane; b,

rings of the abdomen.
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a light of groat brilliaucy
; and in Italy, during tho summer nights, the

groves, iUuminatod by their incessant scintillations, exhibit a scene
equally strange and beautiful. The females of Lampyris noctilum have
two large yeUowish-white luminous plates upon the ventral surface of
the sixth and seventh abdominal rings, and, besides these, two minute
organs of a similar description on the eighth or caudal segment. The
latter only (and these of a smaUer size and greyish transparent hue)
are present in the males.

(930.) AU the luminous organs, both ventral and lateral, present

Fig. 298.

Chinese Lantern-fly {Fulgora).

essentially the same structure, consisting of an investing membrane

enclosing a parenchjrma composed of trachese and nerves surrounding

groups of cells so densely filled with white, spherical, minute granules,

having an oily aspect when viewed by transmitted light, that no other

constituent can bo seen in them ; and from experiments, as well as the

anatomical facts, Kolliker concludes that the luminous organs are a

nervous apparatus, whoso nearest analogues are to be sought for in the

electrical organs of certain fishes*.

* Verhandl. d. Wiirzb. phys.-med. Ges. viii. 1857.
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CHAPTER XIII.

ARACHNIDA*.

(931.) The Arachuiclans, long confounded with Insects, and de-

scribed as such even by recent entomologists, are distinguished by-

characters of so much importance from the animals described in the

last chapter, that the necessity of considering them a distinct class is

now no longer a matter of speculation. In Insects, the external

skeleton presents three principal divisions—the head, the thorax, and

the abdomen : but in the Spider tribes, the bloodthirsty destroyers of

the insect-world, the separation of the head from the thorax, which,

by iucreasing the flexibility, necessarily diminishes the strength of the

skeleton, is no longer admissible
;
and, the process of concentration

being carried a step further, the head and thorax coalesce, leaving only

two divisions of the body recognizable externally, viz. the cephalo-

thorax and the ahdomen. Insects, in their mature forms, were found

to be invariably furnished with only six legs, but in the adult Arach-

nidans eight of these limbs are developed. These characters in them-

selves would be sufficient to discriminate between the two orders ; but

when to these we add that in the Arachnidans the eyes are invariably

smooth, that the antennae of Insects are represented by organs of a

totally different description, that the sexual apertures are either situated

beneath the thorax, or at the base of the abdomen, and, moreover, that

in the greater number of Arachnidans respiration is carried on in

localized lungs (pulmonihranchiai), instead of by trachese as in Insects,

we need not enlarge further in the present place upon the propriety of

ranking the Arachnida as a separate class. These animals may be
grouped under three principal divisions,—the first of which is evidently

an intermediate type of organization, combining many of the characters

of the Insecta with the external limbs and palpi of proper Arachnida.

(932.) The Arachnida Tracheakia, in fact, breathe by means of

tracheae resembling those of Insects, which are so arranged as to convey
air to every part of the system ; and we may therefore suppose that

their circulatory apparatus, as well as their secerning organs, conform

more or less to the type or structure met with in the class last described.

The Mites (Acaridce) belong to this division, and form a very niimerous

family, which is extensively distributed. Some arc parasitic in their

habits, infesting the bodies of insects ; and one, the itch-insect (Acarus
scahiei), is found occasionally upon the human skin. Many live in

cheese and other provisions, where they multiply prodigiously ; and not

* 'Apaxi'i], 11 spider.
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Fig. 299.

a few inhabit leaves, or are found under stones or beneath the bark of
trees. Some (IlydracJme) are aquatic

; but, unfortunately, in all, from
their extremely minute size, the investigation of their internal viscera
presents so many difficulties, that but little is satisfactorily known con-
cerniug their anatomy: even the Pseudo-Scorpionidce, which are of
larger growth and, although still breathing by trachete, approximate
most closely to the outward form of the next group, have been very
imperfectly examined.

(933.) In the Acaridans, the most remarkable feature of their

structure is the complete consolidation or coalescence of the principal

divisions of the body, which are always more or less distinct in the other

Articulata ; for not only do we find in them the head consolidated with
the thoracic portion, but the abdomen likewise is swallowed up, as it

were, in the general covering of the body. The legs, as in other Arach-
nidans, are eight in number, and

are generally composed of seven ar-

ticulations, of which the first, which

is sometimes adherent and sometimes

free, corresponds to the coxa of In-

sects, the second to the trochanter
;

the third, representing the femur,

is often more developed than the

rest, whilst the remaining consti-

tute the tibia and the tarsal joints.

The last segment of the tarsus, or

foot as it might be called, is furnished

with two moveable hooks, that can be folded back and lodged in a

slight excavation provided for the purpose.

(934.) In accordance with their structure, which is adajited to the

habits of the various races, the feet of the Acaridans may be divided

into :—such as are adapted for feeling {palpatorii), in which the ultimate

joint is dilated ; for walking {gressorii) ; for swimming {remigantes),

having the last joint expanded and ciliated, as in some, but not all, of

the aquatic tribes ; for running (cursorii), where it is long and slender

;

for weaving (textorii), in which case the ultimate segment is provided

with very short and much-curved hooks, and the antepenultimate with

four elongated stiff bristles longer than the foot ; and lastly, such as are

formed for a parasitic life, or carunculated (carunculati), in which, su-

peradded to the hooks, is a caruncle or broad membrane wheremth the

creature fixes itself to a smooth surface, something in the same way as

the sucker of a Leech.

(935.) The mouth is composed of two moveable pieces called the

mandibles, beneath which is a broad plate (labium), which is cither flat

or folded laterally so as to form a kind of gutter, and, moreover, is fur-

nished on each side with a rudimentary palpus. The mandibles are

A, Aoarus ; B, its mouth.
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generaUy free, but in some cases are united together and conjoined with

the hibial piece, so as to form a short tube or proboscis, near the end of

which may be perceived a pair of moveable tooth-like structures, adapted

to pierce the substances whence these suctorial races obtain their liquid

food. When the mandibles remain entirely free and moveable, they ex-

hibit, as was pointed out by M. Duges*, three principal modifications

in their structure : 1st, they are forcipated, like those of Scorpions

;

(fig. 301) ;
secondly, they may be terminated by a single moveable

fang (fig. 305, c), as is the case in Spiders ; and lastly, they may be

composed of two long styles which are capable of alternate movements

backwards and forwards, whereby they can perforate foreign substances,

much in the same manner as the saw of the TentJiredo among insects.

The first of these forms are never provided with any poison-apparatus,

and are only adapted to tear and pull to pieces alimentary substances ;

but in the second form poison-glands are superadded to the curved fangs,

which, as in the proper Arachnidans, thus become formidable weapons.

(936.) The arrangement of the digestive apparatus in the Acaridaus

is one of the most interesting points in the economy of these creatures.

Behind the mouth, M. Dujardin t was able to detect, in TromUdium and

Limnocliares, a cylindrical pharynx, with distinct parietes, in which

are implanted numerous muscular fibres calculated to assist the to

operation of suction by dilating the pharyngeal cavity ; but posterior

this no traces are perceptible of either oesophagus, stomach, or intestine
;

so that, apparently, the juices of organized bodies, which constitute the

sole food of these creatures, must be lodged in lacunary spaces, destitute

of any proper walls, in the middle of a brown parenchymatous mass,

which probably performs the functions of the liver. The lacunae, into

which nourishment is thus received, must necessarily be prolonged

amongst the tissues and in the interspaces between the muscular fasci-

culi throughout the entire body, thus replacing altogether the circu-

lating fluid ; and even when living specimens of such genera (Derma-

nyssus, Oamasus, Bdella) as are sufficiently transparent are submitted

to examination under the microscope, although it is easy to see that

the blood or other nutritive juices upon which the creatures live, and

with which their bodies are filled, occupies a lobed or symmetrically

multifid space, there is no appearance of any canal possessing distinct

walls, but the whole seems diffused through lacunae that extend even

into the bases of the legs,

(937.) The Acari, however, possess an anal orifice, through which

excrementitious matter undoubtedly issues ;
nevertheless, on examining

this excrementitious substance, it appears rather to present the cha-

racters of a secretion, as, for example, in the case of the genus Uropoda,

where it becomes consolidated on exposure to the air into a little horny

fltem, upon which the creature is attached as u.pon a pedicle. It might

* Ann. dc9 Sci. Nat. 1834. t Ibid. 184.5, t. iii. p. 14.
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therefore, as M. Dujardiu observes, bo possible to conceive this kind of
digestion in a mass acting much, in the same way as the glands upon
the nutritive juices submitted to their action.

(938.) In the most simply organized Acaridans, such as Acarus and
SarcopteSf-no traces of any respiratory apparatus are discoverable, and
respiration seems to be entirely effected by the general surface of the
body. In Ixodes, Oamasus, and other Acaridans furnished with forei-

pated mandibles, on the contrary, numerous elegantly ramified tracheae,

of which the larger trunks are distinguishable by a spiral filament re-

sembling that exhibited by the trachcEE of Insects, are dispersed through
the body. These respiratory tracheaj communicate externally through
the medium of minute stigmata, which in Onbates are situated between
the first two pairs of legs.

(939.) Between these two extremes in the development of the

respiratory system of the Acaridans, numerous intermediate grades exist

in different genera ; and, in some, M. Dujardin* has pointed out a mixed
kind of respiratory process very different from any thing as yet observed

among articulated animals ; this consists in a system of tracheae ter-

minating at a respiratory mouth situated at the base of the mandibles,

and serving only for expiration, while inspiration is effected by the

general integument and its appendages.

(940.) To render intelligible this phenomenon, it will be necessary

to lay before the reader the description given by M. Dujardin of the re-

spiratory (or, rather expiratory) apparatus as it exists in Tromhidium.

It is as follows :—At the base of the mandibles superiorly is seen an

oblong orifice, bounded by two lips, the structure of which is altogether

remarkable: it is a perforated eminence (hourrelet reticule d jour), the

internal cavity of which communicates with two large tracheal vessels

which run parallel to each other from behind forwards to this orifice.

Each of the tracheal trunks, at a little distance from the orifice, sud-

denly divides itself into a tuft of tubular tracheae, which are without

any internal spiral filament, and which are distributed without any

ramifications throughout all parts of the body. On observing a living

Trombidium, it is seen frequently to agitate its mandibles as though to

produce some movement of the air contained in the respiratory apparatus,

and if at the same time a little water be placed upon the respiratory

orifice, it is sometimes seen to become inflated with httle bubbles of air.

(941.) On dissecting a Trombidium, there is seen beneath the in-

tegument, which is covered with plumose hairs, an elegant network,

made of a diaphanous substance of homogeneous appearance, which

appears to be in relation with the plumose appendages of the integu-

ment, and in concert with them serves to absorb the gaseous elements

that are subsequently emitted externally through the tracheal orifices.

(942.) In Hydraclme and the aquatic Acaridans, the expiratory

* Loc. cif. p. 17.
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system is similar to thatwhich exists in Tromhidium, except that, instead

of plumose hairs upon the surface of the body, there are stomata some-

thing resembling those of plants—that is to say, apertures covered over

with a very delicate membrane, beneath which is a subcutaneous net-

work, such as exists in the terrestrial species.

(943.) The nervous system in Tromhidium, and probably of the

other Acari, presents a very remarkable arrangement, consisting en-

tirely of a single large globular ganglion, from which nervous filaments

are given off, both before and behind. The researches both of Trevi-

ranus and M. Dujardin deny the existence of any thing Hke a supra-

cesophageal ganglion or nervous collar around the oesophagus.

(944.) The eyes of the Acaridans are generally four in number,

sessile, and approximated together in pairs upon the dorsal surface of

the cephalothorax. In some cases, however, the eye is solitary, and

composed of eight or ten minute facets.

(945.) Trombidiumis the only Acaridan in which either M. Dujardin

or Treviranus could discover the presence of a tubular two-branched

ovarium ;
generally speaking, throughout this order of Arachnidans, the

ova are produced in the substance of the general tissue of the body,

without the presence of any ovarian apparatus with distinct parietes

being apparent. The genus Oribates produces living embryos covered

with a soft and wrinkled integument, which, as its development ad-

vances, becomes hard and crustaceous ; in these Acari, therefore, in

order to enable them to bring forth their young, it is necessary that the

orifice of the vulva shall be of extraordinary dimensions; and accordingly

it is found to be, in species thus constituted, a large oval orifice, occupy-

ing one-third or one-fourth of the entire length of the body, the opening

being closed by two valves. In front of this large orifice, which is placed

posteriorly, is another round opening, likewise terminated by valves,

which gives issue to a long membranous tube, folded longitudinally and

furnished with retractor muscles. It would appear possible, therefore,

that this is a penis, and that Oribates is hermaphrodite
;
for, seeing that

the young are born alive, it cannot be looked upon as an ovipositor, or

as famishing any secreted defence for the ova.

(946.) The development and mode of exuviation of some of the

Acaridans offer several very curious and interesting phenomena. The

Water-mitcs, Hydrachne for example, at their birth present them-

selves under the form represented in fig. 300, 3, being at that time pro-

vided with only six locomotive limbs and a very remarkable proboscis *.

These larvte at first swim at large in the water, but at length contrive

to fix themselves to the body of some aquatic insect, in which position

they pass into the state of nymphs (fig. 300, 4) ; the hinder part of

their bodies becomes remarkably elongated, and at length assumes

the form of a pear, in which aU resemblance to its former state is lost.

* Duges, Ann. des Sci. Nat. ser. 2. torn. i. p. 1G5.
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Nevertheless, dui-ing this rcmarkahle increase in size, the proboscis and
the legs undergo but little alteration ; for as soon as the body begins
to elongate, the legs and the palpi are withdrawn from their original

Fig. 300.

1. Female oi Kydrachne globulus, represented of the natural size, just previously to ovipo-
sition. 2. The same, magnified, and seen from below, showing the mouth or beak furnished
with two palpi, and the eight legs appended to four separate pairs of coxee ; between the hinder
pair may be seen the heart-shaped genital scale, and a little posterior to this a round orifice,

which is the anus. 3. Newly-hatched larva of Sydrachne globulus. 4. Hinder part of an
aquatic insect (Nepa cinerea), to which numerous nymphee of Sydrachne in different stages of
growth are attached. 5. One of these nymphs magnified, exhibiting the head-like sucker pro-

vided with a pair of palpi, immediately behind which are seen the epidermic cases of two
of the old legs of the larva (the four others have fallen off)—and posterior to these, five

pairs of little sprouts, which are the rudiments of antennae and legs : the median circle indi-

cates the position of the genital organs. 6. Represents the same nymph in its last stage of

development, seen in profile : the integuments are supposed to be transparent, so as to show
the young Hydrachne within, ready to escape. 7. Ventral surface of young Sydrachne, showing

the arrangement of the coxse. 8. Secondary nymph, making the transition from the second to

the third phasis of the creature's existence : the perfect animal, ready for its escape, is repre-

sented encased in the integuments of the preceding, the epidermic sheaths of the limbs still

remaining adherent to the exuvium.

integument, and, retiring with the body into the pear-shaped sac formed

by the distended skin, nothing is left behind but the exuviated sheaths

of the old legs, which are then easily broken off by the sHghtest violence.
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A nymph, formed in the interior of its own skin, has replaced the

larva; but it is a nymph which continues to nourish itself, and to

increase in^size, until it assumes the appearance shown at fig. 300, 5,

in which the rudiments of a new set of legs are clearly perceptible

through the transj)arent envelope : the eyes of the contained animal are

distinctly traceable, and may even be seen to abandon their former

comese, and to recede in the same proportion as the limbs from the old

case, which at last, rending transversely into two portions, allows the new
animal to escape, which immediately begins to swim vivaciously about,

under a form closely resembling that of the parent. It has, however,

still another moult to go through before it can be pronounced adult

;

for, after having lived some weeks in this third condition, and visibly

increased in size, these immature individuals fix themselves to some

water-plant, to which they hold firmly by means of their beak and claws,

and, becoming motionless, again exuviate (fig. 300, s), and are ready to

reproduce their kind.

(947.) The rest of the Arachnidans breathe by means of lungs, or,

as they are more properly designated, pulmonary hranchice, and conse-

quently, in contradistinction to the last-mentioned, are called by zoo-

logists Arachnida Ptomonaria : such are the Scorpions and Spiders.

Fig. 301.

Scorpion (ventral aspect).

(948.) The Pedipalpi, forming the second division of the class, are
at once recognized by the peculiarity of their external configuration.
Their palpi (the representatives apparently of the maxillary palpi of
Insects) are exceedingly strong, and furnished at their extremity with
a prehensile forceps

; the hinder part of the body, corresponding to
the abdomen of Insects, is much prolonged, and composed of numerous

2 T)
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articulated segments, terminated iu the Scorpion tribe by a sharp unci-

form sting (fig. 301) armed with a venomous secretion.

(949.) The third section embraces the ARANEiDiE, or Spiders, dis-

tinguished by having the abdomen short and globular, and furnished,

moreover, near its posterior termination with spinnerets, by means of

which these animals manufacture silken filaments applicable to a great

number of purposes, and especially employed in constructing what is

usually named the spider's web. The maxiUary palpi in the females

are simple, and more or less resemble feet ; but in the males they often

form a remarkable apparatus, to be desciibed in another place. The

jaws are also armed with sharp and hooked fangs, and perforated near

their points for the emission of a poisonous secretion provided for the

destruction of their prey, the venomous properties of which emulate

that of the most formidable Serpents, and in like manner speedily ter-

minate the sufferings of the victim.

(950). Nearly allied to the Scorpions in their general structure, bnt

differing from them in the shape of the abdominal portion of their

bodies, which is broad and flat,

are the Arachnidans composing ^'S- 302.

the genus Tarantula, many

species of which are remarkable

on account of the extraordinary

modifications observable in the

construction of their limbs, ren-

dering them objects of deep in-

terest to the scientific zoologist.

In Phrynus, for instance (fig.

302), the pedipalps, in their size

and strength, almost emulate

those of the Scorpion, only, in-

stead of didactyle pincers, they

are provided with sharp spines

and hooks, the gripe of which

is truly formidable. Imme-

diately behind these terrible

weapons is a pair of limbs which, according to all analogy, ought to

constitute the first pair of ambulatory legs, but which have much more

the appearance of enormous antennte, the tarsi being represented by a

numerous series of attenuated segments so nearly resembling the seti-

form antennse of some insects, that it is impossible not to assign to them

a, similar office.

(951.) The Pulmonary Arachnidans, both of the pedipalp and spinning

divisions, are strictly carnivorous in their habits, living upon the juices

of the insects they destroy ; and we may consequently expect, in the

construction of their alimentary apparatus, a simplicity proportioned to

Phrynus.
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the facility with which highly nutritive food composed of already ani-

malized materials ia capable of being assimilated. The mouth varies

somewhat in its conformation ; and if we compare the pieces composing

it with those we have found mandibulate insects to possess, we shall

have good reasons for surprise in noticing the strange uses to which

some parts of the oral apparatus are converted. In Scorpions (fig. 301),

the apparent representatives of the mandibles of an insect are trans-

formed into a pair of small forceps,

each being provided with a move- ^'S-

able claw; these, therefore, of

themselves form prehensile organs

adapted to seize prey and hold it

in contact with the' mouth. But

it is in the niaxillce that we find

the most extraordinary metamor-

phosis ; for the maxUlary palpi, so

small in insects, are found to be

developed to such prodigious di-

mensions, that they far surpass in

size and strength any of the am-
bulatory extremities, and, from

their resemblance to the claws of

Crustaceans, have given the cha-

racter from which the name of the

division is derived*. Each of

these formidable organs is termi-

nated by a strong pair of pincers

;

and thus the maxillary palpi be-

come converted into potent instru-

ments either for attack or defence.

The representative of the labium

of an insect, in the Arachnidans,

has no palpi connected with it.

(952.) In Spiders, the organi-

zation of the mouth is altogether

different. The mandibles (fig. 305,

0, o) are each terminated with a

moveable fang (c), which ends in a sharp point, and is perforated near
its extremity by a minute orifice, from which, when the Spider bites, a
venomous fluid of great potency is instilled into the woxmd inflicted

;

such, indeed, is the malignity of this poisonous secretion that its effects

in destroying the life of a wounded insect are almost instantaneous, and
in some of the large American species even small birds fall victims to
its virulence. The organ in which the poison is elaborated

• * Pes, n foot,
; palptis, a feeler.

2 D 2

Under surface of male Spider : a c, poison-
fang; e, mandible; b, teeth upon its anterior
margin;/, labium ; g, thorax; h, h, A,' four pairs
of ambulatory limbs; i, abdomen ; I, spinnerets;
in, maxillary palpus; d, its dilated terminal
joint; t, supposed sexual organ.

IS repre-
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sented in the figure above referred to ; it is a long and slender bag,

from which an attenuated duct may be traced through the body of the

mandible as far as the perforated extremity of the fang.

(953.) The palpi connected with the maxillae of the Spider are termi-

nated in the female by a simple hook ; but in the males of many species

they exhibit a conformation sHghtly resembling the forceps of the Scorpion,

although provided for a very different purpose. When closed (fig. 304, b),

the terminal part of the palpus presents a club-Hke dilatation, which,

however, on close inspection will be found to consist of several pieces

(fig. 304, A, a, h, c, d, e), connected with each other by articulations, and

capable of being opened out in the
, n n Fig. 304.

manner represented xn the ngure.

This strange instrument was for-

merly imagined to be the penis of

the male Spider, and was thought

to contain the terminations of the

seminal ducts: this supposition,

however, has been proved to be

erroneous; for the palpus is im- Paipus of male Spider,

perforate, and the sexual apertures

of the male are situated elsewhere ; but the organ in question is never-

theless apparently used in the process of impregnation, in a manner to

be explained hereafter.

(954.) Both in Scorpions and Spiders the alimentary canal is exceed-

ingly narrow, presenting scarcely any of those dilatations met with in

the digestive organs of insects. This is a natural consequence of the

nature of their food; for as they live entirely upon animal juices

sucked from the bodies of their victims, there could be little necessity

for the presence of capacious receptacles for nutritious matter, or for

any reservoirs for the accumulation of effete material.

(955.) In the Scorpionidae there is no stomachal dilatation whatever :

a straight intestine passes directly from the mouth to the anus, situated

at the extremity of the abdomen ; and the insertion of the biliary

vessels forms the only distinction between its ventricular and intestinal

divisions. Five delicate cseca are derived from each side of the ven-

tricular portion, and plunge into the centre of a fatty substance in

which the alimentary canal is imbedded. In Spiders, likewise, coeca

are appended to the commencement of the digestive apparatus
;
and a

slight enlargement (fig. 305, h) may be said to represent the stomach,

from which a slender intestine {g) is continued to the anus. As in

the Scorpion, a large quantity of fat (l) surrounds the nutrient organs

and fills up a great proportion of the cavity of the abdomen. Like the

fat-mass of the larvse of insects, this substance must, no doubt, be re-

garded as a reservoir of nutriment; and when the habits of these

animals are considered, the precarious supply of food, and the frequent
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Kg. 305.

necessity for long protracted fasts when a scarcity of insects deprives

thorn of their accustomed prey, such a provision is evidently essential

to their preservation.

(956.) One peculiarity connected with the arrangement of the chy-

lopoietic viscera of the Spider is the manner in which the biliary organs

terminate in the intestine ;
for, instead of entering in the usual position

(namely, close to the termination of the stomach), they seem to pour their

secretion into the rectum, immediately in the vicinity of the anus. At

this point, a kind of sacculus (figs. 305 & 307, /) joins the intestine,

into which the branched tubes (fig.

307, 0, 0, & fig. 305, s) empty them-

selves. This circumstance has long

been a subject of interesting inquiry

to the comparative physiologist.

If the fluid secreted by these tubes

be really bile, in what manner does

it accomplish those purposes usually

supposed to be effected by the biliary

secretion ? It would seem to be, in

this case, merely an excrementitious

production. Are the caeca appended

to the stomach biliary organs ? If

so, the apparatus in question may be

of a totally distinct character, and

its product only famished to be ex-

pelled from the system. In con-

formity with the last supposition,

many anatomists have been induced

to regard these vessels as being

analogous to the urinary secerners

of more highly organized animals,

and have not scrupled to apply to

them the appellation of renal vessels

:

but this hasty apphcation of names

we have already animadverted upon

as being highly prejudicial to the

interests of science ; and in this instance, as in many others, to wait
the results of future investigations is far more advisable than rashly

to assign a definite function to a part the real nature of which is a
matter of speculation.

(957.) The respiratory system of the Pulmonary Arachnidaus is con-
structed upon very peculiar principles, being neither composed of giUs
adapted to breathe water, nor of lungs hko those of other air-breathing
animals, but presenting a combination of the characters of both. Tlio

pulmonibmncJdce arc, in fact, hollow viscera resembling bags, the walls

Digestive system of the Common Spider :

e, poison-fang; o, o, the jaws, with their ap-
pended poison-glands; a, a, a, ceecal append-
ages to d, the commencement of the alimen-
tary canal, with which the muscle (e) is con-
nected ; 6, stomachal dilatation

; .9, intestine ;

h h, accumulation of fat ; /, sacculus receiving
the terminations of the secreting-tubes («).
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of which arc so folded and arranged in lamina) that a considerable

surface ia presented to the influence of oxygen. It is, indeed, highly

probable that these organs are
j,.^ ^^^^

intermediate in function as well

as in structure between an

aquatic and air-breathing respi-

ratory apparatus
;

for, as both

the pedipalp and spinning Arach-

nidans frequent moist situations,

the dampness of the atmosphere

may be favourable to the due

action of the air upon the circu-

latory fluids of these creatures.

^dchpulmonibranchia opens ex-

ternally by a distinct orifice re-

sembling the spiracle of an insect,

and is closed in a similar manner

by moveable horny lips. In the

Scorpion (fig. 301) the spiracles

are eight in number, placed upon

the ventral aspect of the body ;

and just in front of the first pair

of breathing-holes are two re-

markable organs (represented in

the figure), resembling a pair of combs, which are apparently adapted

to keep the spiracular orifices free from dirt, and thus prevent any

obstruction to the free ingress and egress of

the air.

(958.) In the Araneidse, the form and

arrangement of the spiracles are somewhat

different. According to Treviranus, there

are four pairs on each side of the cephalo-

thorax, situated immediately above the in-

sertions of the legs ; and in addition to these,

there is one pair' constantly found on the

under surface of the abdomen, and four

pairs of smaller apertures of less impor-

tance on its upper part.

(959.) In order to understand the manner

in which resiDiration takes place in imlmoni-

hranchice of the structure above described, it

is necessary to suppose the existence of a

vascular apparatus, by means of which the

circulatory fluid is continually spread over the laminoo of the respiratory

saccuH, and afterwards returned to the circulation in a, purified condi-

Digestive and cii'culatory apparatus of the

Harvest Spider: o, the stomach, with its lateral

csBoa, on which is situated the dorsal vessel ; 6, b,

vascular sinuses.

Fig. 307.

Termination of the alimentary

canal of a Spider : (t, stomat^hiil

dilatation of the intestine ;/, ter-

minal sacculus receiving the ter-

minations of the secerning vessels

(o, 0).
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tion. It is true that, owiug to the extreme difficulty of traciug vessels

of such small dimensions, the continuity of the entire system is rather

an inference deducible from a general review of the facts ascertained,

than absolutely a matter of demonstration. We wiU therefore briefly

lay before the reader the data upon which physiologists found the opi-

nions entertained at the present day relative to the means whereby the

circulation of Arachuidans is accomi)lished.

(960.) According to Treviranus, spiders are provided with a long

contractile vessel (fig. 308, a), which runs along the mesial line of the

Fig. 308.

Plan illustrating the circulatory system in a Spider : a, dorsal vessel ;
b, suspensory muBcle

;

c, the ocelli ; d, poison-gland ; e, palpus ;/, pulmonibranchial organ ; g, poison-fang ;
h, cephalo-

thorax ; t, ceaoal appendices to the stomach ; I, vascular ti-unks derived fi-om the dorsal heart,

running to the pnlmonibranohice ; m, abdomen; n, spinnerets.

back, and resembles in form the dorsal vessel of insects, although in

structure it is widely different. In insects, it will be remembered, the

dorsal vessel communicated freely with the abdominal cavity by nume-

rous valvular apertures, and neither arteries nor veins were necessary for

diffusing the blood through the system ; but in the Pulmonibranchiate

Arachnidans numerous vascular trunks {I, I) are given off from both

sides of the dorsal heart and are dispersed in all directions. All the

branches proceeding from the sides of the dorsal vessel are presumed to

be of an arterial character, with the exception of a few large canals

situated near the junction of the anterior and middle thirds of its length,

and these are supposed to be veins* (branchio-cardiac vessels) deatined to

return the aerated blood from the pulmonibranchice (/) into the general

circulation. "Whoever watches the movements of the blood in one of

the limbs of these creatures will perceive that, under the microscope, its

motion bears little resemblance to that observable in the foot of a frog,

or in animals possessed of an arterial and venous system completely

developed. So irregular, indeed, is the course of the globules, that it

would be difficult to conceive them to be confined in vessels at all ; the

whole appearance resembles rather the diffiised circulation seen in the

larva of an insect than that of a creature possessing vascular canals

arranged in definite directions. The only probable way of accounting

Audouin, Cyclop, of Anat. and Phys., art. " Araciinida."
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for such a phenomenon is by supposing that, in this first sketch of a

vascular system, if we may bo pardoned the expression, the veins are

mere sinuses or wide cavities formed in the interstices of the muscles,

through which the blood slowly finds a passage. From a review of the

above-mentioned facts we are at liberty to deduce the following con-

clusions relative to the circulation of Arachnidans :—The pulmoni-

bmnchice being apparently the only organs of respiration, the blood must

be perpetually brought to these structures from all parts of the system,

to receive the influences of oxygen, and again distributed through the

body. Such a circulation could only be accomplished in circumscribed

channels—some destined to propel it through all parts, others to collect

it after its distribution and bring it to the respiratory organs, and a

third set to return it in a renovated condition to the heart. The circuit

of the blood may therefore be presumed to be completed in one or other

of the following modes :—The dorsal vessel, or heart, by its contraction

drives the blood through numerous arterial canals to the periphery of

the system ; the blood so distributed gradually finds its way into capa-

cious sinuses, through which it flows to the branchial organs, and

thence it reenters the heart by the brancJiio-cardiac vessels above re-

ferred to : or else the action of the heart drives a portion of the cir-

culating fluid into the pulmonihranchice by the same eff'ort v/hich supplies

the rest of the system, and the blood so impelled to the respiratory

organs becomes, after being purified, again mixed up with the contents

of the veins which return it to the heart.

(961.) In the Scorpions, the circulatory system resembles that of the

Myriopoda, but it is more completely organized ; the heart, which, as in

the Scolopendra, is divided into compartments, is elongated at its posterior

extremity into a long caudal artery, and gives off from each chamber a

pair of systemic arteries, which are distributed among the viscera, and

also send their principal divisions to supply the muscles of the inferior

and lateral regions of the body, as well as the pulmonary sacs. At

the anterior part of the abdomen, the heart assumes the character of an

aorta, descending suddenly into the thorax, and dividing immediately

behind the brain into a number of large vessels, that supply the head

and the locomotive organs. The posterior of these form a vascular

collar around the oesophagus, which gives origin, to the great arterial

trunk, or supraganglionic vessel, whereby the blood is conveyed to the

posterior part of the body, as in the Myriopoda {vide § 731). This

vessel passes beneath the transverse arch of the thorax, with which it

is slightly connected by fibrous tissue, and then runs backwards, gradu-

ally diminishing in size, until it reaches the terminal ganglia of the

tail, where it divides into branches that accompany the nerves. In

addition to the above arrangement, Mr. Newport has discovered a fibrous

structure, from which are given off two pairs of vessels, to be distributed

to the first pair of branchial organs, as also a little vessel which, passing
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backwards, anastomoses with the spinal artery, to form the subspinal

vessel. This latter takes its course beneath the chain of nervous gangha,

communicates directly by means of short branches with the supra-

ganglionic artery, and, at intervals, gives o& from its under surface

lai-ge vessels, which, uniting together, convey the blood which has

circulated in the abdominal segments directly to the branchiae, whence

it is returned to the heart by a great number of slender canals, which,

emanating from the posterior aspect of each branchial organ, unite to

form larger trunks, that run along the waUs of the segments, to pour

their contents into the valvular orifices situated upon the dorsal aspect

of the heart.

(962.) The heart of the Scorpion* is a strong muscular organ ex-

tending along the middle of the back, from its continuation with the

great caudal artery in the last segment of the abdomen to the com-

mencement of the aorta. In the dorsal part of its course the heart is

divided into eight separate chambers, which are wider and stronger in

proportion to their length than in the highest of the Myriopoda. They

are more muscular and compact in proportion to the greater quantity of

blood to be transmitted through them, and the force with which it is

necessarily propelled. The form of each chamber is somewhat heart-

shaped, being slightly contracted in its middle portion and enlarged at

its posterior. Each chamber has two auricular openings for the passage

of the blood, placed very close to the median line of the heart on its

dorsal surface ; and it gives off at its inferior lateral angles a pair of

large arterial vessels (the systemic arteries), which distribute the blood

downwards to the viscera and to the dorsal and lateral surfaces of the

body.

(963.) Each chamber is provided at its sides, as in the Myriopoda

and Insects, with two sets of muscles, the alee cordis. The anterior

and larger parr of muscles are attached to the anterior part of each

segment, and pass diagonally forwards, and the posterior (the proper

retractor muscles of the chamber) to its posterior angle, and pass back-

wards, leaving between the two sets of muscles a passage for the vessels.

(964.) The structure of the chambers internally differs considerably

from that of the chambers in the Melolontha, as described by Straus-

Diirckheim (§ 836). Each valve, or division between them, is formed

by a reduplication of the whole muscular structure of the dorsal surface

of the organ. This reduplication, which is chiefly on the upper and

lateral surfaces, is very imperfect on the under, and in some of the

chambers is entirely absent on the under surface. The reason for this

imperfect structure of the valves may perhaps be explained by the fact

that the blood is distributed from the heart, in the Scorpion, in oj)posite

directions—partly backwards towards the tail, but chiefly forwards to-

wards the head and sides ; and hence it may be necessary that a reflux

* Newport, Phil. Trans. 1843.
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of the blood should not be entirely ijrovented, as may be required iu
those instances in which the whole current is in one direction. The
structure of the heart is exceedingly thick, opaque, and muscular ; it is

formed of two layers of fibres, longitudinal and circular in each layer,

the most powerful of which are the latter. On its internal surface it

is smooth, and lined by an exceedingly delicate membrane, througli

which the strong circular fibres are distinctly marked. It is by means
of these that its most powerful contractions are effected,—the auricular

action being chiefly the result of the relaxation of these fibres, assisted

by the reactions of the lateral muscles.

(965.) The aorta arises from the anterior extremity of the heart or

dorsal vessel. It is short, thick, and smooth on its external surface,

without lateral muscles or internal divisions into chambers. It descends

obliquely forwards and downwards ; and after passing beyond the great

median arch of the thorax, to which many of the muscles of this region

of the body are attached, it gives off the vessels to the head, to the

organs of locomotion, and to form the great supraspinal artery, which,

as in the Myriopoda, represents the aortic trunk, or rather the aorta

clescendens, and which, running above the chain of nervous ganglia,

supplies the neighbouring parts in this region of the body, as well as

branches to the alimentary canal and to the liver.

(966.) The portal system of vessels is situated chiefly below the

nervous cord, on the ventral surface of the body, and is the means by

which the blood is collected and conveyed to the branchiae, from which

it seems to be returned to the system, after circulating throiigh those

organs, by means of a large sinus or vessel at their posterior superior

angles.

(967.) Professor MiiUer* has accurately described the pidmoni-

branchiae as formed of a multitude of closely approximated, thin, double

lamellae, which communicate, by a small orifice in each, with the ex-

ternal air admitted into a common cavity through the spiracles on the

surface of the body. The blood, distributed through these lamellae, is

brought into contact with the air in their interior through their mem-
branous structure. The minute anatomy of these lamellae, and the

manner in which they are permeated by the blood, afford some points of

interest. Each side of these double lamellae is formed of an exceedingly

delicate and apparently structureless double membrane, which includes

within it a parenchymatous tissue formed of single vesicles or cells.

The convex margin of each lamella is bounded by a delicate but distinct

vessel, which seems to form the means of intercommunication with

the anastomosing network of vessels distributed over the branchiae.

(968.) At the posterior part of the inner side of the branchia;,

where the lamellae are covered by the thick membrane and peritoneum

that lines the common cavity of the branchiae, there are several small

* Meckel's Archiv, 1828.
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orifices, the commencement of vessels which afterwards, when collected

together, form the larger channels that convey back the blood to the

heart. These vessels form delicate trunks or sinuses, which pass around

the sides of the body in the posterior part of each segment, and, be-

coming gradually enlarged by communicating with other vessels in their

progress, pour their contents into the heart at the auricular orifices

upon its dorsal aspect.

(969.) The following, then, will be the course of the circulation in

the Macrurous Arachnidans. The blood received by the veins from

the branchiffi is conveyed to the heart round the sides of the segments,

receiving accessions from other vessels in the segments in its course,

and enters the heart at the posterior part of each chamber through the

orifices of Straus-Durckheim. The auriculo-ventricular cavity, dilated

by the influx of blood, begins first to contract by the action of the

circular fibres at the posterior part of each chamber. By this con-

traction, part of the blood is at once propelled laterally, through the

systemic arteries, to the interior and sides of the body, while the re-

maining and chief portion is forced onwards, through the valves and

body of the chamber, by the successive contraction of the circular fibres,

into the next chamber. A fresh accession of blood enters the heart at

the auricular orifices in the short interval of time that elapses between

the contractile actions of the two chambers, which interval is probably

occasioned by the reaction of the lateral muscular appendages of the

organ. These contractions are carried gradually onwards through the

whole of the succeeding segments ; so that before a third chamber has

contracted, the first is again filled and ready to be emptied—thus occa-

sioning, by their alternate movements, those pulsatory motions which

are so well known in the dorsal vessel of Insects. The blood, pro-

pelled by these successive contractions through the aorta, is distributed

to the organs in the head and thorax and the organs of locomotion.

Part of it is also sent round the aortic arches through the supra-spinal

artery backwards into the abdomen, giving off its minute currents for

the nourishment of the nervous ganglionic cord, while another portion,

intermingled with that collected in the portal vessels, is sent to the

branchiae. But its principal current still flows in the supraspinal

artery, along the upper surface of the cord to the terminal ganglion of

the tail, where it divides into four streams, two of which go out at the

sides of the ganglion to nourish the segment, while the other two, noAV

greatly reduced in size, proceed backwards along the terminal nerves of

the cord, and, becoming more and more subdivided in the last segment

of the tail, are diff'used through the surrounding structures. These

form minute anastomoses with numerous small vessels, which, gradually

collecting in separate trunks on the under surface of the last segment,

form the origin of the caudal portion of the subspinal vessel which

conveys the returning blood forwards from the tail to the abdomen, to
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Fig. 309.

be aerated in the brancliiso before it is again transmitted to the heart.
Ill like manner, the blood that has already ciroulated through the organs
of locomotion, the cephalothorax, and abdomen appears to be collected

in the veins which transmit it to the branchia? before it is again em-
ployed in the circulation. Throughout the whole of its course along
the artery in the tail, the blood is passed in small currents into the sub-
spinal vessel—thus intermingling the venous and arterial blood, pre-
cisely as occurs in the abdomen. But the circulation in the caudal pro-
longation of the heart yet remains to be explained. We have already
seen that the great dorsal artery in the tail, above the colon, forms
direct vascular communications around its

sides with the subspinal vessel upon the

ventral surface, in which the blood is pro-

pelled forwards to the abdomen. It is

certain, therefore, that the action of the

great chamber of the heart must impel the

blood at once in every direction, chiefly

forwards and laterally, but also in part

backwards through the caudal artery;

otherwise it would be impossible for this

structure to form its anastomoses with the

subspinal vein without occasioning two

opposing currents in the same vessel.

(970.) In the nervous system of Spiders

we observe that progressive concentration

of the nervous centres which we have

traced through the lower forms of the Ho-

MOGANGLiATA, Carried to the utmost extent.

Spiders are appointed destroyers of insects,

with which they maintain cruel and unre-

mitting warfare. That the destroyer should

be more powerful than the victim is essen-

tial to its position ; that it should excel

its prey in cunning and sagacity is likewise

a necessary consequence ; and by following

out the same principles which have already

been so often insisted upon, concerning the inseparable connexion that

exists between the perfection of an animal and the centralization of its

nervous ganglia, we find in the class before us an additional confirmation

of this law. In Scorpions, indeed, the nervous masses composing the

ventral chain of ganglia are still widely separated, especially those

situated in the segments of the tail : in the cephalothorax they are of

proportionately larger dimensions, and moreover exhibit this remarkable

peculiarity, that, instead of being united by two cords of communication,

there are three interganglionic nerves connecting each division. It is

Nervous system of the Spider

:

a, a, enceplialioganglia, from which,

are derived the optic nerves;
e, e, thoracic ganglia, forming by
their coalescence the central

mass (c) ; n, n, nerves sujiplying

the abdomen.
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Fig. 310.

Eyes of the Spider. A, lenses of one of

the eyes. B, relative position of the indi-

in Spiders that the concentration of the nervous system reaches its

cHmax • for in them we find the whole series of gangha (encephahc,

thoracic, and abdominal) aggregated together, and fused, as it were,

into one great central brain, whence nerves radiate to all parts ot

the body. The extent to which centralization is here carried wiU be

at once appreciated by reference to figure 309 :
the encephahc masses

(«, a), whence the optic nerves distributed to the oceUi are derived

are in close contact with the anterior part of a large ganglion (c), that

represents aU the abdominal gangha coUected into one mass ;
and from

the posterior part of this, nerves (n, n)

destined to supply the parts contained

in the abdomen derive their origin.

The thoracic gangha (e, e) are fusi-

form, and placed on each side of the

mass (c), with which they are appa-

rently amalgamated at one extremity,

while from the opposite they give off

the nerves appropriated to the legs.

(971.) The ocelli or eyes of Arach-

nidans have been minutely investigated viduai ocelli on the head of the Spider,

by MiiUer*, and seem to present a

type of structure very far superior to that of insects. In the Scorpion,

this distinguished anatomist succeeded in detecting most of the parts

which enter into the construction of the eye of a vertebrate animal, and,

moreover, a great similarity in their arrangement.

The cornea, a globular lens, the aqueous and vitreous

humours, the retina and choroid, were all found

nearly in their usual relative positions ; so that the

sense of vision in these animals must be extremely

perfect.

(972.) The sexual organs of the male and female

Arachnidans exhibit a very great simplicity in their

structure. The testes, or secreting vessels of the

male Spider are two long ceeca (fig. 311, b) lodged

in the abdomen, and terminating by simple orifices

at the ventral surface. No external intromittent

organ is perceptible ; and it was on this account

that the peculiar apparatus above referred to,

situated at the extremity of the maxillary palpus,

was so long considered as giving passage to the im-

pregnating secretion. The singular instrument

already described (§ 953) would seem, indeed, to be in some manner

really subservient to the fecundating process, being used most probably

as an exciting agent preparatory to the intercourse between the sexes.

* Ann. dos Sci. Nat. torn. xvii.

Fig. 311.

GencratiTo organs of

male Spider : a, a. pul-

monibrimchisB ; 6, testoa;

c, cephalothorax.
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in making

(973.) The ovigerous system of the female is equaUy devoid of com-
pHcation, and, hke the male testes, consists of two elongated membra-
nous saccuh, id which the eggs are formed and brought to maturity.
The impregnation of the ova is evidently eflFected by the simple juxta-
position of the external orifices of the two sexes : yet such is the ferocity
of the female spider, that the accomplishment of this is by no means
without risk to her paramour

; for the former, being far superior to the
male both m size and strength (fig. 313, a, b), would infaUibly devour
him, either before or after ^.
the consummation of his pur-

'

pose, did he not exercise the

most guarded caution and
circumspection

his advances.

(974.) One peculiar cha-

racteristic of the Araneidse

is the possession of a spin-

ning-apparatus, whereby the

threads composing their web
are manufactured. The in-

struments employed for this

purpose are situated near the

posterior extremity of the ab-

domen (fig. 312, 7i), and con-

sist externally of four spin-

nerets and two palpiform

organs (fig. 315, 1,2,3). Each

spinneret, when highly mag-

nified, is found to be per-

forated at its extremity by

innumerable orifices of ex-

treme minuteness (figs. 314,

c, 315, 3), through which the

filaments are drawn ; so that,

unlike the silk of the Cater-

pillar, the thread of the

Spider, delicate as it is, is

composed of hundreds of

smaller cords, sometimes woven together in zigzag lines, and thus

exhibiting a structure of exquisite and most elaborate composition. The

fluid silk, which, when it is drawn through the microscopic apertures

of the spinneret, affords the material whereof the web is constructed,

is secreted in a set of glands represented in figure 316 (p. 4] 6).

The secerning extremities of the glandular tubes are composed of

branched cfeca (s), whence arise long and tortuous ducts {a, a, a), that

Anatomy of Mi/gale: a, centralized ganglia of the
nervous system; b, termination of the ganglionic

cord; c, respiratory stigmata; d, anterior pulmoni-
branchial organ of the left side, displayed; e, poste-

rior pulmonibranchial organ, partially corered by a
large abdominal muscle (<); y, ovary; g, section of
integument ; h, spinnerets and anal aperture.
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become dilated in their course into reservoirs for the secreted fluid,

and terminate by several canals at the base of the external spinning-

tubuli. Various are the purposes to which the different species of the

Araneidte convert the delicate threads thus produced. Some construct

Fig. 313.

A. Female Spider. B. Male of the same species. C. Arrangement of the eyes.

silken tubes or cells in which to conceal themselves from pursuit, and

from this retreat they issue to hunt for prey in the vicinity of their abode

;

others strew their filaments about at random, apparently to entangle

passing insects
;
many make nets composed of regular meshes, and spread

Fig. 314.

C

Spinning-apparatus of the Spicier.

them out in favourable situations to entrap their victims (fig. 313) ;

while a few species, enveloping their eggs in bags of curious con-

struction, carry them about attached to their bodies, and defend them
with the utmost courage and pertinacity. Even in water these webs are
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Fig. 315.

turned to many singular uses ; and ropes, nets, and even diving-bells
are at the disposal of aquatic species furnished with this extraordinary
spinning-machinery.

(975.) A few only of the most remarkable applications of this deli-
cate material can be noticed in this

place. The Mason-spiders {Mygale)
excavate for themselves subterranean
caverns, in which these marauders
lurk secure from detection even by
the most watchful foe ; nor could
any robber's den which ever existed

in the wild regions of romance boast

more sure concealment from pursuit,

or immunity from observation. The
construction of these singular abodes

has long excited the admiration of

the naturalist : a deep pit is first

dug by the Spider, often to the

depth of 1 or 2 feet, which, being

carefully lined throughout with silken tapestry, affords a warm and
ample lodging ; the entrance to this excavation is carefully guarded by
a lid or door, which moves upon a hinge, and accurately closes the mouth
of the pit. In order to form the door in question, the Mygale first

spins a web which exactly covers the mouth of the hole, but which is

Fig. 316.

structure of spinnerets.

Silk-secreting glands of the Spider.

attached to the margin of the aperture by one point only of its circum-

ference, this point, of course, forming the hinge. The Spider then

proceeds to lay upon the web a thin layer of the soil collected in the

neighbourhood of her dwelling, which she fastens with another layer of

silk
; layer after layer is thus laid on, until at length the door acquires
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sufficient strength and thickness : when perfected, the concealment

afforded is complete ; for as the outer layer of the lid is formed of

earth precisely similar to that which surrounds the hole, the strictest

search will scarcely reveal to the most practised eye the retreat so

singularly defended.

(976.) Another Spider {Cloilio Durandii) constructs a dwelling equally

artificial and ingenious—a kind of tent, in which it lives and rears its

young. This tent is composed of several superposed sheets of the finest

taffeta ; and its contour presents seven or eight prominent angles, which

are fixed to the surface of the ground by silken cords. The young

Clotho at first lays down only two sheets thus secured, between which

she hides herself; but as she grows older, she continually lays down

additional coverings, until the period when she begins to lay her eggs, at

which time she constructs an apartment, soft, downy, and warm, specially

devoted to their reception. The exterior sheet of the tent is purposely

dirtied for the purpose of concealment; but within, every thing is

beautifully clean and white. The most admirable part of the contri-

vance, however, is the perfect safety afforded to the young when the

parent leaves her tent in search of food : some of the superposed sheets

are fastened together at their edges ; others are simply laid upon each

other ; and as the parent herself alone possesses the secret which

enables her to raise those layers by which entrance is to be obtained,

no other animal can find its way into her impenetrable abode.

(977.) The feet of Spiders are constructed upon a very curious plan,

evidently in relation vsith their rope-drawing

capabilities. Each foot, when magnified, is

seen to be armed with strong horny claws,

furnished with about a dozen processes ar-

ranged like the teeth of a comb and gradually

diminishing in size as they approximate to the

extremity of the claw. By means of this ap-

paratus the Spider is enabled to regulate the

issue of its rope from the spinnerets, to suspend

itself from its almost invisible line, or to coil

it up or let it out at pleasure with a facility

and neatness that miist excite the admiration

of every one who attentively watches these

operations.

(978.) In addition to the above remarkable
. i'oot of Spider.

mechanism, there exists, m some genera of

web-spinning Spiders, a peculiar combing-apparatus of another de-

acriptioh. In Clubiona atrox, a species everywhere to be met with
building its snares upon the branches of trees or in the corners of

windows, this consists of two parallel rows of spines, moveable at the
pleasure of the animal, situated on the upper joint of the tarsus of each

2 E
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of the posterior legs, upon a prominent ridge commencing just below its

articulation with the tibia. With this singular

organ the Cluhiona diligently employs itself in

combing out certain jfibrous bands that enter into

the composition of its web
; for, delicate as it is,

the spider's web is not constructed of the same
material throughout.

(979.) According to Mr. Blackwall, the Geo-
metric Spiders employ three distinct kinds of

material in the construction of theii- nets. The
boundary lines, radii, and first-formed spirals

being unadhesive, and possessing only a moderate
share of elasticity, are evidently composed of a
different material from that used in making the

spiral line which completes the web—which is ex-
ceedingly viscid, and elastic in a remarkable de-

gree. The viscidity of the spiral thread may be
shown to depend entirely upon the presence of a

series of globules, resembling tiny beads; for if

these be removed, a fine glossy line is left which is highly elastic, but
perfectly unadhesive.

Comb of Clubiona alrox.

CHAPTER XIV.

CEUSTACEA.

(980.) Insects and Arachnidans are air-breathing animals ; even in
such species of these two extensive classes as inhabit fresh water, re-
spiration is strictly aerial. No insects or spiders are marine ; and con-
sequently the waters of the ocean would be utterly untenanted by cor-

respondiug forms of Articulata, were there not a class of beings belong-

ing to this great division of the animal world so organized as to be
capable of respiring a watery medium, and thus adapted to a residence

in the recesses of the deep. Examined on a large scale, the Crusta-

ceans, upon the consideration of which we are now entering, are marine
creatures : many species, it is true, are found abundantly in the lakes

and ponds around us ; but these foi'm rather exceptions to the general

rule ; and we may fairly regard this extensive group of beings as the

aquatic representatives of Insects and Spiders, with which they form a

collateral series.

(981.) The tcgumentary system of the Crustacea corresponds in its

essential structure with that of insects, and consists of a vascular dermis,
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Pig. 319.

Oniscus.

a coloured pigment, aud a cuticular secreted laj'er which, forms the

external shell or skeleton : the latter, or epidermic covering, however,

dilfers materially in texture from that of other Articulata, inasmuch as

it contains ctdcareous matter in considerable abundance, and thus ac-

quires in the larger species great density and hardness.

(982.) As regards the mechanical arrangement of the skeleton, we
shall find the same general laws in operation as we have observed

throughout all the Annulose orders—a con-

tinual centralization and progressive coalescence

of the different rings or elements composing

the external integument, and a strict corre-

spondence between the degree to which this

consolidation is carried and the state of the

nervous system within.

(983.) In the lowest forms of the Crustacea

Ave have, in fact, a repetition of the condition

of the skeleton met with in the Myriojjoda, or

in the larva-state of many insects,—the whole

body being composed of a series of similar seg-

ments, to which are appended external ar-

ticulated members of the simplest construction

(fig. 319).

(984.) The number of rings or segments

(somites) composing the body varies in different species ; but such vari-

ation would seem, from the interesting researches of Milne-Edwards
and Audouin concerning the organization of articulated tegumentary
skeletons, to be rather apparent than real, inasmuch as the discoveries

of these distinguished naturalists go far to show that, whatever the
state of consolidation in which the integument is found, the same
number of elements or rings may be proved to have originally existed
before, by their union, they became no longer distinguishable as separate
segments.

(985.) The normal number of these somites Milne-Edwards considers
to be twenty-one, seven of which enter into the composition of the head,
seven belong to the thorax, and as many appertain to the abdominal
region of the body.

(986.) To illustrate this important doctrine let us select a few
examples, in order to show the manner in which the progressive
coalescence of the segments is effected.

(987.) En TaKtrus (fig. 320) the cephalic somites are completely
united, their existence being only indicated by the several pairs of ap-
pendages—one pair, of course, belonging to each ring. The first ring
of the cephalic region, in this instance, has no external articulated
member

; but in higher orders the eyes are supported upon long pe-
duncles connected with this clement of the skeleton. The second and

2 E 2
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Talitrns.

Fig. 321.

third rings support jointed organs, called anlennce ; while the several
pairs of jaws appertaining to the mouth indicate the existence of so
many elements united together in the composition of the head.

(988.) The seven segments of the thorax are still distinct; and each
supports a pair of jointed organs,

which, being used in locomotion, Fig- 320.

are called legs ; the abdominal
somites, likewise, are equally-

free, and have natatory limbs de-

veloped from the five posterior

rings.

(989.) In the Lobster (Astacus

marinm) we find not only the ce-

phalic segments anchylosed to-

gether, but those of the thorax

also
; and although the lines of demarcation between them are still

recognizable upon the ventral aspect of the body, superiorly the entire

thorax and head are consolidated into one great shield {cephalotlwrax),

the abdominal segments only remaining distinct and moveable,

(990.) In the Crabs the centralization of the external skeleton is

carried still further, so as to enable this

tribe of Crustaceans to become more or

less capable of leaving their native

element and walking upon the shores

of the sea, or even, in some instances,

of leading a terrestrial existence, as in

the case of the Land-Crab of the "West-

India Islands. The abdominal seg-

ments, however, still remain free,

though proportionately of very small

dimensions
; and, being no longer use-

ful in swimming, the abdomen is folded

beneath the enormously developed tho-

racic portion of the body.

(991.) In the King-Crab {Limulus

Polyphemus, fig, 321) even the divisions

of the abdomen are obliterated, the

whole body being covered by two enor-

mous shields, and the tail prolonged

into a formidable serrated spine, of such

density and sharpness that in the hands

of savages it becomes a dreadful weapon, and is used to point their spears

cither for the chase or war.

(992.) The reader will at once perceive the strict parallelism that may

bo traced between the changes which occur dui'ing the metamorphoses

Liiuulua Polyphemus.
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of Insects, and those observable as we thus advance from the lowest to

the most highly organized Crustacean genera; and even the steps

whereby we pass from the Aunelidan to the Myriopod, and thence to

the Insect, the Scorpion, and the Spider, seem to be repeated, as we

thus review the progressive development of the class before us.

(993.) Having thus found that the annuli, or rings, which compose

the annulose skeleton may be detected even in the most compactly

formed Crustacea, it remains for us to inquire, in the next place, what

are the principal modifications observable in the articulated appendages

Fig. 322.

Under Burfoce of Limuhis : c, forceps-like antennae ; d, /, g, h, legs, terminated by didactyle

claws, and having their basal joint denticulated, so as to perform the function of jaws ;
h, hind

pair of legs, having foliated appendages to the feet ; I, m, abdominal segments.

developed from the individual segments. Tliis inquiry is one of con-

siderable interest, inasmuch as it goes to prove that, however dissimilar

in outward form, or even in function, the limbs of Crustaceans may be,

they are mere developments of tLe same elements, which, as they

remain in a rudimentary condition or assume larger dimensions, become

converted into instruments of sensation, legs, jaws, or fins, as the cir-

cumstances of the case

may render needful. In Fig. 323.

the lower, or more com-

pletely annulose forms

(fig. 319 and 323), these

members are pretty

equally developed from

aU the segments of the

body, and are subservient

to locomotion, being ge-

nerally terminated by

prehensile hooks, or pro-

vided with fin-like expansions ; but as we advance to the more perfect

genera, the limbs assume such various appearances, and become con-
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vertiblo to so many distinct uses, that they are scarcely to be recognized
as consisting of the same parts modified only in their forms and rela-
tive proportions. To notice all the varieties that occur in the extensive
class before us, would be to weary the reader with tedious and unneces-
sary details

;
we shall therefore select the Decapod* division of these

animals, as abundantly sufficient for the illustration of this part of our
subject. This division, which includes the most highly organized forms,
has been divided by Avriters into three extensive families: the Macruraf,
or Swimming Decapods, such as Lobsters, Shrimps, and Pra^vTis ; the
Anomiira, or Hermit crabs, which inhabit the empty shells of MoUusca;
and the Bmchyura, or short-tailed species, of which the Crab is a
familiar specimen. If we take the common Lobster (fig. 324) as an

Fig. 324.

Lobster (Asfacus marinus).

example of the first of these groups, we shall find that there are five

pairs of articulated limbs placed upon each side of the mouth, which are

evidently adapted to assist in seizing and conveying into the stomach

substances used as food. These singular organs, although entitled to

be regarded as jaws so far as their use would indicate the name be-

longing to them, are no less obviously merely modifications of articu-

lated feet; and the term jaw-feet has now, by common consent, become

the appellation by which they are distinguished.

(994.) The pair of legs which succeeds to the remarkable members

last referred to is appropriated to widely different offices. The organs

in question are developed to a size far surpassing that attained by any

of the other limbs, and are endowed with proportionate strength. Each

* Ten-footed, so called from the circumstance of their having five pairs of limbs

so largely developed as to become ambulatory or prchcn.sile organs,

t ficiKpos, long
; ovpd, a tail : = having long tails.
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of these robust appendages is terminated by a pair of strong pincers

{clielai) ; but the two are found to differ in their structure, and are

appropriated to distinct uses. That of one side of the body has the

opposed edges of its terminal forceps provided with large blunt tubercles,

while the opposite claw is armed with small sharp teeth. One, in fact,

is used as an anchor, by which the Lobster holds fast by some submarine

fixed object, and thus prevents itself from being tossed about in an

agitated sea ; the other is apparently a cutting instrument for tearing

or dividing prey.

(995.) To the clielcB succeed four pairs of slender legs, scarcely at

all serviceable for the purposes of locomotion; but the two anterior

being terminated by feeble forceps, they become auxiliary instruments

of prehension.

(996.) The articulated appendages belonging to all the abdominal

segments are so rudimentary that they are no longer recognizable as

assistants in progression ; and it is at once evident, when we examine

the manner in which the Macrura use their tails in swimming, that

the development of large organs in this position would materially impede

the progress of animals presenting such a construction : the false feet,

as these organs are called, are therefore merely available as a means of

fixing the ova, which the female Lobster carries about with her, attached

beneath her abdomen.

(997.) The tail is the great agent of locomotion in all the Macrura
or large-tailed Decapods ; and for this purpose it is terminated by a fin,

formed of broad calcareous lameUse, so arranged that, while they will

close together during the extension of the tail, and thus present the

least possible surface to the water, they are brought out to their full

expansion by the down-stroke of the abdomen ; and such is the impulse

thus given, that, as we are credibly informed, a Lobster will dart itself

backwards to a distance of eighteen or twenty feet by one sweep of this

remarkable locomotive instrument.

(998.) If we now pass on to the consideration of the Anomurous *

Decapods, we find that the external organs above enumerated, although
existing in precisely similar situations, are so far modified in their con-
struction and relative proportions as to become suited to a mode of life

widely different from that led by the members of the last division. The
Anomura, as their name imports, have tails of very unusual conforma-
tion. Instead of being encased in a hard coat of mail, as in the Macrura,
the hinder part of the body is soft and coriaceous, possessing only a few
detached calcareous pieces—analogous, it is true, to those found in the
Lobster, but strangely altered in structure.

(999.) These animals (fig. 325), usually known by the name of
Soldier Crabs, or Hermit Crabs, frequent level and sandy shores, and,
from their defenceless condition, are obliged to resort to artificial pro-

* avo/xos, anomalous
; ovp^, a tail : = queer-tails.
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Fig. 325.

Hermit Crab.

Fig. 326.

Hermit Crab inhabiting the shell of a Whelk (Succinum).
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tection. This they do by selecting an empty turbiuatecl shell of propor-

tionate size, deserted by some gastcropod mollusk, into which they in-

sinuate their tail, and, retreating within the recesses of their selected

abode, obtain a secure retreat, which they drag after them wherever

they go, until, by growing larger, they are compelled to leave it in

search of a more capacious lodging. The wonderful adaptation of all

the Hmbs to a residence in such a dwelling cannot fail to strike the

most incurious observer. The chelce, or large claws, differ remarkably

in size; so that, when the animal retires into its concealment, the

smaller one may be entirely withdrawn, while the larger closes and

guards the orifice. The two succeeding pairs of legs, unlike those of the

Fig. 327.

Svfimming Crab.

Lobster, are of great size and strength, and, instead of being terminated

by pincers, end in strong pointed levers, whereby the animal can not

only crawl, but drag after it its heavy habitation. Behind these loco-

motive legs are two feeble pairs, barely strong enough to enable the

Soldier-Crab to shift its position in the shell it has chosen ; and the

false feet attached to the abdomen are even still more rudimentary. But

the most singularly altered portion of the skeleton is the fin of the taU,

which here becomes tranformed into a kind of holding apparatus, by

which the creature retains a firm grasp upon the bottom of its residence.

(1000.) In the Brachyiira*, or Crabs, we have at once, in the concen-

* Ppaxiis, short ; oipd, a tail : = having short tails.
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tration observable in all parts of the skeleton, an indication of its being
formed for progression on land, or at least for creeping at the bottom
of the sea. The tail, the groat instrument of locomotion in the Lobster
IS here reduced to a rudiment, and tlie fin at its extremity entirely
obliterated

;
the chelce stQl continue to be the most powerfully developed

of the extremities
; while the legs, the principal locomotive agents, are

either terminated by simple points, as in those species which are most
decidedly terrestrial in their habits, or else, in the Swimming Crabs, the
posterior pair become expanded into flattened oars useful in natation
(fig. 327).

(1001.) From the extreme hardness and unyielding character of the
tegumentary skeletons in Crustaceans, a person unacquainted with the
history of these animals would be at a loss to conceive the manner in

Fig. .328.

Land Crab.

which their growth could be effected. In insects we have seen that all

increase of size occurs prior to the attainment of the perfect condition,

and expansion is provided for by the moults or changes of skin which
take place during the development of the larva ; but the Crustacean,

having acquired its mature form, still continues to grow, and that until

it acquires in many instances a size far larger than that which any
insect is permitted to arrive at.

(1002.) The plan adopted in the case before us, whereby growth is

permitted, is attended with many extraordinary phenomena. At certain

intervals the entire shell is cast off, leaving the body for the time unfet-

tered indeed as regards the capability of expansion, but comparatively

helpless and impotent until a new shell is secreted by the dermis, and
by hardening assumes the form and efficiency of its i)rcdecessor.
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(1003). "We are indebted to "Reaumur*, who watched the process in

the Cray-fish {Astams Jluviatllis), for the first account of the mode m
which this change of shell is cflFected. In the animal above mentioned,

towards the commencement of autumn, the approaching moult is indi-

cated by the retirement of the Cray-fish into some secluded position,

where it remains for some time without eating. While in this condi-

tion, the old shell becomes gradually detached from the surface of the

body, and a new and soft cuticle is formed underneath it, accurately

representing, of course, all the parts of the old covering which is to be

removed ; but as yet little calcareous matter is deposited in the newly-

formed integument. The creature now becomes violently agitated, and,

by various contortions of its body, seems to be employed in loosening

thoroughly every part of its worn-out covering from all connexion with

the recently secreted investment. This being accomplished, it remains

to extricate itself from its imprisonment ; and this, when the nature of

the armour to be removed is considered, we may well conceive to be a

dilRcult operation. As soon as the old case of the cephalothorax has

become quite detached from the cutis by the interposition of the newly

formed epidermic layer, it is thrown off in one piece ; the legs are then

withdrawn from their cases ;
and, to complete the process, the tail is

ultimately extricated from its calcareous covering, and the entire coat

of mail which previously defended the body is discarded and left upon

the sand. The first question which presents itself is, how are the limbs

liberated from their confinement ? for, wonderful as it may appear, the

joints even of the massive chelce of the Lobster do not separate from

each other, but, notwithstanding the great size of some of the segments

of the claw, and the slender dimensions of the joints that connect the

different pieces, the cast-off skeleton of the limb presents exactly the

same appearance as if it still encased the living member. But this is not

the only part of the process which is calculated to excite our astonish-

ment : the internal calcareous septa from which the muscles derive their

origins, and the tendons whereby they are inserted into the moveable

portions of the outer shell, are likewise stated to be found attached to

the exuviae ; even the singular dental apparatus situated in the stomach,

of which we shall speak hereafter, is cast off and re-formed ! And yet

how is all this accomplished? how do such parts become detached?

how are they renewed? We apprehend that more puzzling questions

than these can scarcely be propounded to the physiologist ; nor could

more interesting subjects of inquiry be pointed out to those whose op-
portunities enable them to prosecute researches connected with their

elucidation.

(1004.) The structure of the articulations which unite the different

segments of the skeletons of the Articulata, and the general arrangement

of their muscular system, have already been described (§§ 797-801 ) ;

* Mem. del'Acad. des Sciencos, 1718.
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and in tho class before us, these parts of their economy offer no pecu-
liarities worthy of special notice.

(1005.) Throughout all tho Crustacean families tho alimentary canal
exhibits great simpHcity of arrangement, and consists of:—a sliort but
capacious oesophagus

; a stomachal dilatation or cavity, in which is con-
tained a singular masticatory apparatus ; and a straight and simple in-
testinal tube, which passes in a direct line from the stomach to tho last
segment of the abdomen, where it terminates.

(1006.) The description of these parts as they exist in the Lobster,
will give the reader a sufficiently correct idea of their general disposition
and structure

; nor are we acquainted with any class of animals in which
so little variety in the conformation of this portion of the system is to
be met with.

(1007.) The oesophagus is covered at its origin by the several pairs
of jaw-feet already alluded to, the most internal of which forms a
powerful cutting apparatus, resembling a pair of strong shears, while the
rest are only instruments of prehension, or, perhaps, of sensation also.

From the mouth, the oesophagus runs directly upwards to the stomach,
which is a considerable viscus (fig. 329, a), a large portion of it being
situated in that region of the cephalothorax which we should be tempted
to consider the head of the animal. The pyloric extremity of the sto-

mach is strengthened with a curious framework of calcareous pieces
imbedded in its walls and so disposed as to support three large teeth
placed near the orifice of the pylorus ; and being moved by strong
muscles, teeth so disposed no doubt form an efficient apparatus for

bruising the food before it is admitted into the intestine.

(1008.) The intestine itself (b b b) runs in a direct course to the tail,

imbedded between the two great lateral muscular masses that move the
abdominal segments, and terminates upon the ventral surface of the

central lameUa of the terminal fin, in a rounded orifice closed by a
sphincter muscle.

(1009.) The liver (c c c), one half of which has been removed in the

engraving, consists of two large symmetrical masses, enclosing between
them the pyloric portion of the stomach and a third part of the length

of the intestine. When unravelled, the minute structure of the liver

exhibits an immense assemblage of secerning cseca agglomerated into

clusters, from each of which a duct emanates ; and the continued union

of the ducts so formed ultimately gives origin to the common hepatic

canal (fZ), which pours the bile derived from that division of the liver

to which it belongs into the intestine, at a very short distance from its

commencement at the pylorus. A little below the insertion of the two

bile-ducts, a solitary long and slender caecum enters tho intestine ; but

the nature of the secretion furnished by this organ is unknown.

(1010.) In the highest Crustacea, as the Decapoda, in which legs of an

ambulatory character exist, it is principally to the origins of these legs that
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Fig. 329.

A side Tiew of the arterial

system in the Lobster. Nearly

one half of the body is re-

moTed to show the deeper-

seated vessels: a, the stomach,

which has one half removed,

so as to show the cavity of that

viscus ; b b b, the intestine,

which is one straight tube;

c, c, c, the lobes of the liver of

the right side, the left being

removed ;
d, hei)atic duct, en-

tering the intestine; e, the

heart; /,/, /, three orifices,

guarded by valves, whereby

the venons system communi-

cates with the heart; g, the

anterior or antennal arteries;

h, the posterior or superior

caudal artery ; », the hei>atic

artery ; k, a large artery going

down from the posterior end
of the heart, principally sup-

plying the feet and gills (ster-

nal artery) ; Z is a small ar-

tery passing back along the

under surface of the tail, and
lost in the muscles of that part

(inferior caudal artery) ; m,
the trunk of the artery k hent

forwards along the fore part of

the thorax, giving off branches

on each side to the feet and
gills; n, n, n, the branches

going to the feet; o, o, o, the

branchial arteries.
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wo fiudtho breathing apparatus appended; and their active motion wiU
eonsc.iuently powerfuUy contribute to the complete aeration of the blood.

(fig. 332 m m) are pyramidal tufts, consisting of a central stem covered
over with vaacular filaments disposed perpendicularly to its axis, in such
a manner that each of these organs, when detached, resembles a small
brush

:
on cutting the stem across, it is found to enclose an artery and

a vein, from which innumerable branches are given off to the horizontal
falaments

;
so that the latter constitute a respiratory surface of 'rveat

extent, which is most freely exposed to the surrounding medium.
"

(1012.) In the Crabs and Anomura the structure of the branchi®
is somewhat different

;
for in these divisions the cyUndrical filaments are

replaced by broad lameUte laid one above the other; but in every other
respect the arrangement is the same.

(1013.) The respiratory organs above mentioned are lodged in two
extensive cavities, or branchial chambers, placed upon the sides of the
body, covered by the broad shield of the cephalothorax (fig. 329)—and
lined by a membrane which is reflected upon the root of each branchia,
so as to become continuous with the delicate layer that invests every
filament or vascular lamella that enters into its composition.

(1014.) The branchial chambers are in free communication with the
external medium by means of two large apertures, through one of which
the water enters, while it as constantly flows out through the other.
The afferent canal is generally a wide slit that allows the water freely
to penetrate to the interior of the branchial cavity; but the passage
whereby the respired fluid escapes after passing over the branchiae Is
provided with a beautiful apparatus so disposed as to produce a continual
current in the water contained in the chamber, and thus, by ensuring
its perpetual agitation, effectuaUy to provide for its constant renewal
The mechanism is as follows :—The aperture by which the water issues
is in the neighbourhood of the mouth, and is closed by a broad semi-
membranous plate {flabellum) (fig. 332, n) derived from the root of the
second pair of jaw-feet, and constructed after the plan of the Archime-
dean screw

;
so that every motion of these jaw-feet impresses a corre-

sponding movement upon the valve-like Jlabellum, and in this manner
urges on the passage of the water both into and out of the cavity
in which the branchiee are lodged.

(1015.) But there are other means whereby the action of the limbs
is made to assist in perfecting the respiratory process. Thus, in the
Lobster, the third pair of jaw-feet, and each pair of ambulatory legs,

except the last, support a flabelliform plate, the movements of which
must likewise keep the fluid respired in a state of agitation, and more-
over, by gently squeezing and compressing the respiratory tufts, power-
fuUy contribute to the complete renovation of the water in contact
with the surfaces of the branchia:.
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Respiratory organs of the Crab : b, e, d, jaw-feet, from

the bases of which the flabella are derived ; /, g, h, Tc, I,

ambulatory legs.

(1016.) In the Crab genera the arrangement is slightly modified ;
for

here there axe three Jlahella, derived from the roots of the jaw- feet

(fig. 330, 6, c, cl) : of these, two are imbedded among the branchiae ;

while the tliird, as represented in the figure, extends in a crescentic

form over the whole series

of respiratory organs. The Fig. 330.

end answered in this case is

obviously the same as that

attained in the Lobster, in

a different and perhaps

more cfiicient manner.

(1017.) In the lowest

Crustacea the heart is a long

dorsal vessel, not very dis-

similar in form and dispo-

sition from that of insects,

but, of course, giving off

arteries for the distribution

of the blood, and receiving

veins through which the

blood, having accompKshed

its circuit, is returned.

(1018.) In the Decapoda

the organ becomes more centralized; and in the Lobster (fig. 329, e)

the heart is found to be an oval viscus, situated in the mesial line of

the body, at the posterior part of the cephalothorax ; it is composed

of strong muscular bands, and contains a single cavity of considerable

size. The contractions of this heart may readily be witnessed by raising

the superjacent shell in the living animal.

(1019.) Several large arteries are derived from the above-mentioned
simple heart. A considerable trunk (fig. 329, g) goes from its anterior

extremity to supply the eyes, antennae, stomach, and neighbouring
organs

; another, the hepatic (i), which is sometimes double, supplies the
two lobes of the liver ; a third large vessel (7t) supplies the abdominal
or caudal region ; and a fourth, the sternal, derived from the posterior

apex of the heart, bends down to the ventral aspect of the body, where
it divides—the posterior division (I I) supplying the lower parts of the
abdomen, while the anterior and larger division (?n) gives off branches
to the legs and jaw-feet (n, n, n, n) ; it Hkewise furnishes other vessels

(o, 0, 0, o), which are distributed through the branchias.

(1020.) The venous system is made up of large and delicate sinuses
that communicate freely with each other, and receive the blood from
all parts of the body. Those of the dorsal region are represented in
fig. 331 : a large venous sinus (a) occupies the cephalic region and
covers the stomach; another cavity {h) lies immediately above the
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heart ; and a scries of

smaller chambers (c, c, c, c)

are situated above the

muscles of the caudal re-

gion. These cavities, not-

mthstanding their appa-
rent extent, are very

shallow, so that, upon a

transverse section, their

dimensions are by no

means so great as a su-

perficial view would in-

dicate. The sinus (6),

or that placed imme-
diately over the heart

communicates with that

viscus by short trunks, the

terminations of which in

the heart are g-uarded by
valves (fig. 329,/,/,/), so

disposed as to allow the

blood to pass from the

sinus into the heart, but

prevent its return in an

opposite direction.

Such is the apparatus

provided in the Lobster

for the circulation of the

blood. Our next inquiry

must be concerning the

course that it pursues

during its circuit through

the body.

(1021.) MM. Audouin

and Milne-Edwards*, af-

ter very minutely exa-

mining this subject, came

to the conclusion that the

heart is purely of a syste-

mic character, being only

instrumental in propelling

* " Recherches Anafxuniques

ct Pliysiologiques sur la Cir-

culation dans los Crii8tac6s,"

Ann. des Sci. Nat. torn. ii.

Pig. 331

VcnouH system of the L()l)8tcr : a, sidu view of the vonoua
sinus covering the stomaoh ; b. side view of the siiins mir-

rounding tlie lieart (tlio letter is pliuu'd near one of the
valvular oriflces by wliicli the venous blood is ndinittod into

the ventricle)
; c, c, c, c, siipcrfioial dorsal sinuses.
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the blood through the body, but having nothing to do with the bran-

chial circulation
;
they conceived that the circulating fluid, having

been collected in the venous sinuses, was brought to the roots of the

branchia), over which it was distributed by venous tubes, and then

returned to the heart by vessels which they call hrancliio-cardiac, to

recommence the same course. The appended figures, however, which are

accurately copied from engravings of the Hunterian drawings in the col-

lection of the Eoyal College of Surgeons of England*, would seem to

give great reason to doubt the accuracy of the conclusions arrived at by

Fig. 332.

a

Transverse section of the body of a Lobster, just behind the heart: a, cut edge of the shell of
the back ; 6, the under surface or sternal aspect ; c, the posterior end of the heart ; d, d, two orifloes
of veins entering the heart

; e, cut end of the superior caudal artery ;/, the trunk of the large artery
(sternal) going to the legs and gills (i in fig. 329) ; g, trunk of an artery going to supply one tier of
gills; h. A, h, the branches going to each gill; i, artery of the leg ; k, k, k, k, the internal vessels
or veins from each gill

; I, the common trunk or branchial vein; m, m, the gilla ; ?i, n, the Jlabella
or laminae subservient to the movement and renewal of the respired medium; o, o, basal joints of
the legs.

the eminent naturalists referred to, and to show that the heart, instead
of being purely systemic, is partly branchial, and impels the blood, not
through the body only, but also to the respiratory organs. This view
of the subject, which we are disposed to consider the most correct, is

exhibited in the diagram, p. 429. Setting out from the heart, we find
that the blood goes to all parts of the body through the different arterial

trunks, and by the great sternal artery (fig. 329, Jc) is conveyed to the
legs, jaw-feet, and false feet. But from this same artery (?n) vessels

* Catalogue of t-he Physiological Series of Comparative Anatomy contained in tlie
Museum of the Royal College of Surgeons of England, toI. ii.
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(0, 0, 0, o) are furnished to the branchiae. The branchial arteries so de-
rived (fig. 332, g) subdivide into secondary trunks (h, h, h), which ramify
through the individual branchiae and supply all their appended filaments.
Having undergone exposure to the respired medium, the blood is again
coUected from the branchiae by branchial veins {Ic, h, Ic), represented on
the opposite side of the body, and conveyed by the large vessel (I) to
the dorsal sinus (fig. 331, h), where, being mixed up with the general
mass of blood contained in the sinus, the circulating fluid is admitted
into the heart through the valvular orifices (fig. 332, d d), to recom-
mence the same track.

(1022.) In the Crustacea, as in the class of Insects, the blood * occupies
all the interspaces left between the various viscera, as well as the still

smaller lacunae situated among the muscular fibres or underneath the
skin

:
but the heart, instead of communicating immediately with this

system of intercommunicating cavities, as among the true insects, is

continuous with a special system of tubes, the walls whereof are weU
defined, and of which the peripheral branches ramify in the substance
of all the organs of the body, thus constituting a very complete arterial
system, although, by their ultimate ramifications, the centrifugal vessels
thus formed become continuous with and lost amongst the interstitial
lacuna of the body, which in their turn communicate with more con-
siderable cavities situated between the viscera ; so that the blood ejected
by the heart and arteries, arriving in the last ramifications of those tubes,
escapes into the general interstitial lacunary system, and hence into the
large sinuses, by the intermedium of which it returns towards the heart.

(1023.) As might be anticipated from an examination of the external
configuration of the diflPerent families comprised in the extensive class

we are now considering, the nervous system is found to pass through
aU those gradations of development which we have found gradually to

present themselves as we have traced the Homogangliata from the loAvest

to the most highly organized types of structure. In the most imperfect
Crustacea, indeed, we find a simplicity of arrangement greater than any
hitherto pointed out even in the humblest Annelida—a disposition of
parts which, theoretically, might have been expected to exist, but has
only been distinctly recognized in the class before us.

(1024.) We have all along spoken of the nervous centres of the
Articulata as arranged in symmetrical pairs, although in no example
which has yet occurred to our notice have we been able strictly to point

out the accuracy of such a view of the subject. The two lateral masses
of the supracesophageal ganglion are found united into one brain in

the humblest forms of annulose animals ; and even in the ganglia form-

ing the ventral series, although we might presume each to be composed
of two symmetrical halves, the divisions are most frequently so inti-

mately blended, that their distinctness is not susceptible of anatomical

* Milne-Edwards, loc. cit.
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demonstration. In some of the Crustacea, however, among those species

which have the segments of their external skeleton most decidedly

separate and distinct, the nervous sj'-stem is found to present itself in

such a condition that the division into lateral halves is perfectly evident

;

and from this condition their progressive coalescence may be traced,

step by step, until we arrive at a state of concentration as remarkable

as that already noticed in the most elevated of the Arachnidans. In

Talitnis, every pair of ganglia consists of two separate nuclei of nervous

substance, united by a transverse band so disposed as to bring them into

communication with each other, while an anterior and posterior nervous

filament derived from each unites it with the preceding and following

ganglia of the same side of the body: even the encephalic mass is com-

posed of two lateral portions united by a cord passing between them.

All these pairs of ganglia (thirteen in number, corresponding with the

number of the segments of the body) are exact counterparts of each

other both in size and figure, so that none seems to preponderate in

energy over the rest ; but the anterior or encephalic pair alone commu-

nicates with the eyes and antennae, the only organs of the senses as yet

discernible.

(1025.) In Oniscus Asellus, a concentration of the elements com-

posing the nervous system above described is discernible ; and this is

found to be indicated by incipient approximation, which takes place

in two directions, one

longitudinal, the other

transverse. In the first

place the entire num-
ber of pairs of ganglia

is reduced to ten, three

pairs having become

obliterated by coales-

cence ; and moreover,

while the central por-

tions still consist of

two lateral masses

each, the first and last

pairs are united into

single ganglia. As we
rise to higher forms

the coalescence still

Fig. 333.

Nervous system of the Crab : from the ventral aspect.

proceeds
;

all the pairs of ganglia soon become united in a transverse di-
rection, and gradually the whole chain becomes shorter by the fusion
of several pairs into larger and more powerful masses.

(1026.) In the Cmh (which, from its terrestrial habits, holds a
position among the Crustacea equivalent to that which the Spiders
occupy among other Articulata), this centralization is carried to the

2 P 2
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utmost extent, and all the abdominal and thoracic ganglia become
agglomerated into one great centre, from which nerves radiate to the
parts of the mouth and instruments of locomotion (fig. 333).

(1027.) But this change in the condition of the nervous system is

not only observable as we proceed from species to species as they rise

higher in the scale of development; similar phenomena are met with in

watching the progress of any individual belonging to the more perfect

families as it advances from the embryo to its mature condition. Thus,
in the Crayfish (Astacus Jluviatilis), Eathke* observed that, when first

perceptible, the nervous system consisted of eleven pairs of ganglia,

perfectly distinct from each other, and situated on each side of the

mesial line of the body. The first six pairs then unite transversely, so

as to form as many single masses, from which the nerves of the man-
dibles and jaw-feet emanate ; while the five posterior, from which the

nerves of the ambulatory extremities are given ofi", remain separate.

Such is the state at birth, or on leaving the egg ; but further changes

occur before the Crayfish arrives at maturity. The four anterior

ganglia, which supply nerves to the mandibles and jaw-feet, are, by
degrees, all consolidated into one mass, and the fifth and sixth likewise

coalesce, while the other pairs continue permanently distinct. The
reader will at once recognize the resemblance between these changes

and those already described as taking place during the progress of

evolution in the Caterpillar (§ 927) : the same great law is, in fact, in

operation in both cases, and the same results are obtained from the

completion of the process t-

(1028.) In the Crab, the distribution of the nerves is briefly as

follows :—The encephalic mass, or brain, which still occupies its position

above the oesophagus, and joins the abdominal centre by two long cords

of connexion (fig. 334), gives off nerves to the eyes, and to the muscles

connected with them, as well as to the antennae and neighbouring parts.

(1029.) Near the centre of each division of the nervous collar that

surrounds the oesophagus is a ganglionic enlargement, from which arises

a nerve that runs to the mandibles, and also a very important branch,

apparently the representative of the nervus vagus of insects. This, after

ramifying largely upon the coats of the stomach, joins that of the oppo-

site side, and, assuming a ganglionic structure, is ultimately lost upon

the intestine.

(1030.) The nerves of tlie extremities, derived fi'om the central ab-

dominal ganglion are represented in the annexed figure (fig. 334),

which requires no explanation J.

* Untersuchungen uber die Bildung des Flusskrebses," Ann. des Sci. Nat. t. xx.

t For a minute account of the arrangement of the nervous system in tlieso ani-

mals, the reader is referred t the Cyclopjedia of Anatomy and Physiology, art.

" CiiusTACEA," by Dr. Milne-Edwards.

\ Vide Swan, lUustrations of the Comparative Anatomy of the Nervous System.

London, 4to.
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(1031.) We have already (§ 843), when describing the nervous

system of insects, hinted at tlie probable existence in the Homogan-

GMATA of distinct tracts of nervous matter in the composition of the

central chain of gangUa, and in the filaments whereby they are con-

nected with each other: reasoning therefore from analogy, it seems

fair to presume that, if this be the case, such tracts correspond with the

sensitive and motor columns which have been distinctly proved to exist

Fig. 334.

Nervous system of tho Crab : from the dorsal aspect.

in the spinal axis of vertebrate animals. It is to Mr. Newport that we
are indebted for the first indication of this interesting fact*; and the

accuracy of his observations is readily demonstrable by a careful exa-
mination of the ganglionic chain of the Lobster and other large Crus-
tacean species. Each ganglionic enlargement is, upon close inspection

clearly seen to consist of two portions :—first, of a mass of cineritious

nervous substance forming the inferior aspect of the ganglion ; and of a
cord of medullary or fibrous matter which passes over the dorsal or

superior aspect, and appears to be distinct from the grey substance over
which it passes : supposing therefore the longitudinal chain to consist

of anterior and posterior fasciculi, as in the medulla spinalis, we have
the anterior columns communicating with grey substance, while the
posterior are unconnected therewith, but are continued over the ganglion
instead of becoming amalgamated with its substance. Another fact

which favours Mr. Newport's view of the subject is derived fi-om an
examination of the manner in whicli the nerves given off from tho

* Phil. Trans. 1834.
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central axis take their origin; for some of them undoubtedly proceed
from the cmeritious portion of the ganglionic sweUing, while others,
derived from the upper column, not only have no connexion with the grey
matter, but arise at some distance from the ganglionic mass : judging
therefore by the laws at present established in physiology, there seems
reason to suppose that the anterior, or, rather, inferior fascicuH are con-
nected with sensation, while the superior constitute the motor tract.

(1032.) The reader who is conversant with human physiology wiU
at once perceive that this arrangement is the reverse of that met withm Man and other Vertebrata; and this consideration, apparently of
little importance, has given rise to a variety of curious speculations—some
anatomists having even gone so far as to assert that aU the organs of
articulated animals are in reality placed in a similarly inverted position.

(1033.) A more interesting inquiry connected with this part of our
subject is, concerning the extent to which the Akticulata are suscept-
ible of pain. Is it reaUy true in philosophy, as it has become a stand-
ing axiom in poetry, that

" The poor beetle, that we tread upon,
In corporal sufferance feels a pang as great
As when a giant dies " ?

(1034.) This is a question upon which modern discoveries in science
entitle us to offer an opinion ; and the result of the investigation would
seem to afford more enlarged views relative to the beneficence displayed
in the construction of animals than the assertion of the poet would lead
us to anticipate. Pain, " ]S"ature's kind harbinger of mischief," is only
inflicted for wise and important purposes—either to give warning of
the existence of disease, or as a powerful stimulus prompting to escape
from danger. Acute perceptions of pain could scarcely, therefore, be
supposed to exist in animals deprived of all power of remedying the one
or of avoiding the other. In Man, the power of feeHng pain indubitably
is placed exclusively in the brain ; and if communication be cut off'

between this organ and any part of the body, pain is no longer felt,

whatever mutilations may be inflicted.

(1035.) The medulla spinalis, which, as we shall see hereafter, -

corresponds to the ventral chain of ganglia in articulated animals, can
perceive external impressions and originate motions, hut not feelpain ;

hence we may justly conclude that, in the Homogangliata likewise, the
supraoesophageal ganglia (the representatives of the brain, and the sole

correspondents with the instruments of the higher senses) are alone

capable of appreciating sensations of a painful character. Thus, then,

we arrive at a very important conclusion, namely, that the perception

of pain depends upon the development of the encephalic masses, and
consequently that as this part of the nervous system becomes more
perfect, the power of feeling painful impressions increases in the same
ratio—or, in other words, that inasmuch as the strength, activity,
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aud iutelligence of an animal, by which it can escape from pain, depend

upon the perfection of the brain, so does the perception of torture

depend upon the condition of the same organ. How far the feeling of

pain is acutely developed in the animals we are now considering is

deducible from every-day observation. The Fly seized by the leg will

leave its limb behind, and alight with apparent unconcern to regale

upon the nearest sweets within its reach ; the Caterpillar enjoys, to all

appearance, a tranquil existence while the larvse of the Ichneumon,

hatched in its body, devour its very viscera; and in the Crustacea

before us, of so little importance is the loss of a leg, that the Lobster

will throw off its claws if alarmed by the report of a cannon.

(1036.) "We learn from Dr. Williamson* that the shell of the Deca-

pods, in its most complete form, consists of three strata, namely :—1. a

horny structureless layer, covering the exterior ; 2. a cellular stratum
;

and 3. a laminated tubular substance. The innermost, and even the

middle layer, however, may be altogether wanting. Thus, in Phyllo-

soma (Glass-crab) the envelope is formed of the transparent horny layer

alone ; and in many of the small Crabs belonging to the genus Portuna,

the whole substance of the carapace beneath the horny investment is

made up of hexagonal thick-walled cells. It is in the large thick-

shelled Crabs that we find the three layers most differentiated. Thus,

in the common Cancer pagurus we may easily separate the structureless

homy covering after a short maceration in dilute acid ; the celliilar

layer, in which the pigmentary matter of the coloured parts of the shell

is contained, may then be brought into view by grinding away as flat

a piece as can be selected from the inner side (having first cemented the

outer surface to the glass shde), and by examining this vsdth a magni-
fying power of 250 diameters, driving a strong light through it ; whilst

the tubular structure of the thick inner layer may be readily demon-
strated by means of sections parallel and perpendicular to its surface.

This structure, which very strongly resembles dentine, save that the
tubuU do not branch, but remain of the same size through their whole
course, may be particularly well seen in the black extremity of the
claw, which is much denser than the rest of the shell, the former having
almost the semitransparency of ivory, whilst the latter has a chalky
opacity. In a transverse section of the claw, the tubuli may be seen to

radiate from the central cavity towards the surface, so as very strongly

to resemble their radiation in a tooth; and the resemblance is still

further increased by the presence, at tolerably regular intervals, of
minute sinuosities corresponding with the laminations of the shell, which
seem, like the secondary curvatures of the dentinal tubuli, to indicate
successive stages in the calcification of the animal basis. This inner
layer rises up, through the pigmentary layer of the Crab's shell, in little

papillary elevations; and it is from the deficiency of the pigmentary
* Microscopic Jouimal.
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layer at these parts that the coloured portion of the shell derives its
minutely speckled appearance. Many departures from this type are
presented by the different species of Crustacea. Thus, in the Prawns
there are large stellate pigment-cells, the colours of which are often in
remarkable conformity with those of the rock-pools frequented by these
creatures

;
whilst in the Shrimps there is seldom any very distinct trace

of the cellular layer, and the calcareous portion of the skeleton is dis-

posed in the form of concentric rings, an approach to which arrangement
is seen in the papillae of the surface of the deepest layer in the Crab's shell.

(1037.) The singular power of breaking off their own limbs, alluded
to in paragraph 1035, is possessed by many Crustacea, and is a very
indispensable provision in their economy. We have already found the
blood-vessels of these animals to be of a delicate structure ; and the
veins being wide sinuses whose walls possess little contractility, the
fracture of a limb would inevitably produce an abundant and speedily

fatal haemorrhage were there not some contrivance to remedy the other-

wise unavoidable results of such a catastrophe. Should the claw of a

Lobster, for example, be accidentally damaged by accidents to which
creatures encased in such brittle armour must be perpetually exposed,

the animal at once breaks off the injured member at a particular part,

namely, at a point in the second piece from the body ; and by this

operation, which seems to produce no pain, the bleeding is effectually

stanched*.

(1038.) But the most remarkable part of the phenomenon remains to

be noticed :—After this extraordinary amputation has been effected,

another leg begins to sprout from the stump, which soon grows to be an

efficient substitute for the lost extremity, and gradually, though slowly,

acquires the pristine form and dimensions of its predecessor. A beau-

tiful example of this curious mode of reproducing a lost organ is pre-

served in the Museum of Comparative Anatomy in King's College,

London, in which the new limb (one of the cheliferous claws) has

* Mr. Spenee Bate gives the following account of this remarkable process :

—

" When a limb is injured, all Crustaceans have the power of rejecting it, except the

wound be below the last joint. Tliis is done by a violent muscular contraction, finisli-

ing vnth a blow from another limb, or against some foreign body. The amputation

is the work of a few seconds, except when they have but recently cpst their exuviae

;

at such times the wounded limb will sometimes remain for half an hour or longer

before it is rejected.

" The new limb is formed within the shell, where it lies folded up until the next

moult, when it appears as a part of the new skeleton, the sac-like membrane which

protected it being cast off with the old sliell ; and the restored member is larger

or smaller, in accordance with the length of time which may exist between the

amputation of the limb and the shedding of the skin. The condition in which

the limb is at that time remains permanent until the next moult, when the wliole

creatm-e again advances in size, but the new limb more rapidly tlian the remainder

of the animal, until it attains its full relative proportions."—Ami. and Mag. Nat.

Hist, 1851, vol. vii. p. 300.
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already attained the form of the old cM.a, but still remains soft and

uncovered by ciacareous integument. The process of reproduction is as

foUows :—The broken extremity of the second joint skins over, and pre-

sents a smooth vascular membrane, at first flat, but soon becoming-

conical as the limb begins to grow. As the growth advances, the shape

of the new member becomes apparent, and constrictions appear, indi-

cating the position of the articulation ; but the whole remains unpro-

tected by any hard coveriug until the next change of sheU, after which

it appears in a proper case,—being, however, stiU considerably smaller

than the corresponding claw on the opposite side of the body, although

equally perfect in all its parts.

(1039.) Mr. H, D. S. Goodsir has shown* that in the Lobster this

regenerative faculty does not reside at any part of the claw indifferently,

but in a special locality, situated at the basal end of the first joint of

each of the legs. This joint is almost filled by a mass of nucleated cells

surrounded by a fibrous and vascular band ; and other nucleated cells

intervene between this vascular band and the outer crust. The vessels

of the band pass onwards for about half an inch, and return upon them-

selves, forming loops. When a claw is broken, or otherwise injured or

disabled, the Lobster, or Crab, by a violent muscular effort casts it off at

the transverse chink or groove which indents the reproductive segment.

The new claw is developed by the multiplication of cells, which soon

become divided into five groups, answering to the five joints of the

future limb ; these nascent joints are folded upon each other in the

Crab, but extended in the Lobster ; in both they are at first enveloped

in a sac formed by the distended cicatrix ; the budding limb ultimately

bursts this cicatrix, and its growth is rapidly completed. A great

proportion of the reproductive cells contained in the basal extremity of

the injured limb is made use of in the production of the new limb ; but

a mass of them is retained unchanged at the basal joint, and is ready to

renew the reproductive process when needed. Tn the lower Crustaceans

such groups of cells are found at more numerous joints.

(1040.) The observations made in a former chapter relative to the

organs by which the senses of toucli, taste, and smell are exercised in

insects, are equally applicable to the animals composing the class before

us ; for in the Crustacea, although we are compelled to admit the pos-

session of the above faculties, we are utterly ignorant of the mode in

which they are exercised ; therefore it would be only an unprofitable

waste of time to enter at any length into a discussion from which no

satisfactory conclusions are, in the present state of our knowledge, to be

deduced.

(1041.) The eyes of Crustaceans are of three kinds

—

simple, agglomera-

rated, and compound.

(1042.) The simple eyes (ocelli, stomata) xc&QmhlQ those of Spiders,

* Vide Owen on Parthenogenesis, p. 48.
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and, hko them, are said to consist of a cornea, a spherical lens, a gela-
tinous vitreous humour, a retina, and deeply-coloured choroid, all
occupying their usual relative positions. These eyes never exceed two
or three m number.

(1043.) In the agglomerated eyes, such as those oiDaphnia (fig 343)
the organ seems to be composed of a number of simple eyes placed
behind one common cornea

; such eyes are moveable ; and in the animal
depicted m the figure, the muscles acting upon the visual apparatus,
which in this case is single, are arranged so as to form a cone, the base
ot which is formed by the eye.

(1044.) The compound eyes appear to be constructed upon the same
principles as those of insects. The corneae are extremely numerous
and m general hexagonal

; but sometimes, as in the Lobster, they are
square. The vitreous humours equal the cornese in number ; and behind
each of these a distinct retina would seem to be expanded. The com-
pound eyes of Crustaceans have not, however, as yet been examined with
the same patient dihgence as those of the Cockchafer ; so that, as relates

Fig. 335.

Podophthalmus.

to their minute anatomy, much is still left to conjecture and uncertainty.
One peculiarity connected with these organs is, that in the two highest
orders of Crustacea, hence called Poclophthalmia, the eyes are placed at
the extremity of moveable pedicles articulated with the first cephalic
ring of the external skeleton, and thus they may be turned in various
directions without moving the whole body at the same time. This pro-
vision was not required in insects, owing to the mobility of the head in
those animals, but is absolutely indispensable in the case before us,

where, the head and thorax being consolidated into one mass, the extent
of vision commanded by sessile eyes would have been exceedingly
limited, and inadequate to the security of creatures exposed to such in-

numerable enemies.
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(1045.) It is in the higher Crustacea that we, for the first time, in-

dubitably find a distinct auditory apparatus ;
and, from the simphcity

which the organ of hearing presents in this its earliest appearance, an

inquiry concerning its structure becomes of great physiological interest.

In the Lobster the ears are situated upon the under surface of the basal

joints of the larger pair of antennae. On looking carefuUy, in this

situation the student will find a prominent tubercle formed by the

shell, the top of which is perforated by a smaU circular opening covered

with a tense membrane. Behind this orifice is placed a minute vesicle

fiUed with fiuid, upon which a delicate branch of the antennary nerve is

distributed. This constitutes the whole apparatus : the vibration of the

water strikes upon the external membrane, the water in the sacculus

participates in the tremor, and the expanded nerve conveys to the brain

the sensation thus produced.

(1046.) The function of this organ in the Lobster is contested by Dr.

Arthur Farre, who observes that it is situated not far from the mouth,

and is directed downwards ; it is by far the most sensitive part of the

body, since, while the mechanical irritation of any other parts excites

only slight movements in the limbs of the animal, the touching of this

part is immediately followed by violent and almost spasmodic flappings

of the tail. These circumstances, together with the situation of the

organ, appear to Dr. Parre to point it out as intended possibly for the

purpose of testing the quality of the food—as, in fact, an organ of smeR*.

This, however, is evidently merely a matter of conjecture, more espe-

cially as in the generality of the Crustaceans such an apparatus is

altogether wanting.

(1047.) The true organ of hearing, according to Dr. Parre, is situated

in the base or first joint of the lesser pair of antennae—its precise seat

being indicated externally by a tough membrane, which covers an oval

aperture in the upper surface of this joint. Towards the inner and

anterior margin of this membrane there exists a small round orifice,

into which a bristle can be easily passed. On removing the membrane,

together with a portion of the surrounding shell, the internal organ is

brought into view, completely imbedded in the muscular structure of the

antennae.

(1048.) This organ, which nearly fills the cavity of the joint, is

somewhat sacciform in its shape ; and its walls present a delicate horny

structure of the consistence of a thin quill, being so transparent as to

admit of its contents being seen through the parietes. These are found

to consist of numerous minute particles of siliceous sand, which are

loosely contained in the interior of the sacculus. The walls of the sac

are furnished with several rows of minute ciliated processes which,

when highly magnified, are seen to be hollow and to be covered with

* " On the Organ of Hearing in Crustaceans," by Dr. Arthur Farre, Phil. Trans.

1843, p. 234.



444 CRUSTACEA.

a fine down composed of hairs of exquisite dcHcacy, having in their
interior numerous minute graimles, winch are apparently nerve-
granules. Those processes are dilated at their base so as to form a
globular swelling, where they are articulated to corresponding circular
apertures m the walls of the sac, from which they spring iii immediate
apposition with a nervous plexus, which has a separate and distinct
origin from the supraoesophageal ganglion.

(1049.) The existence of this singularly constnicted apparatus is by
no means universal even among the Macrurous Decapods ; and in the
Brachyura it seems to be altogether wanting. We recognize, however,
in its structure all the essential parts of an organ of hearing, viz. a
distinct acoustic nerve, terminating in a plexus, which is expanded upon
a vestibular sac. The remarkable arrangement of ciliated processes
immediately overlying this plexus, with each process filled with nerve-
granules, exhibits an apparatus for extending the extremities of the
nerves in such a manner as to render them sensitive to the most delicate
vibration ofthe fluid with which the sac is filled. But to heighten the
efi'ect of this the grains of sand are added, forming adventitious otoHths,
moving freely in the fluid contents of the sac.

(1050.) In the Brachyura, or Crabs, the membrane covering the ex-
ternal orifice of the ear is con-

verted into a moveable cal-
Fig- 336.

careous lamella, from which,

in some genera, a furcate pro-

cess is continued internally
;

so that the whole, when re-

moved by maceration, has no

very distant resemblance to

the stapes of the human ear,

and, like it, seems to be acted

upon by muscular fasciculi,

so disposed as to regulate the

tension of the vibratile mem-
brane, and thus adapt it to

receive impressions of variable

intensity.

(1051.) One of the first cir-

cumstances calculated to at-

tract the notice of the anato-

mist who turns his attention to

the structure of the genera-

tive system, both in male and

female Decapod Crustacea, is

iho separation which exists between the organs belonging to the two
sides of the body ; for not only are the internal secreting viscera for

Male generative apparatus of AstacuxfiuviaHliti
a a b, testicular mass

; c, c, vasa di-fcrculia, forming
by their convolutions a kind of epididj'mus, d d\f,
their external oriflccs.
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the most part more or less distinct from each other, but even the ex-

ternal sexual orifices are equally separate and unconnected.

(1052.) Beginning with the parts observable in the male, we wiU

take the Cray-fish (Astacus fiuviatilis) as a standard of comparison, and

briefly notice the principal variations from the type of structure ob-

servable in that species met with in other genera.

(1053.) In the male Cray-fish, and also in the Lobster, the secerning

organs or testes, when examined in situ, are found to occupy the dorsal

region of the thorax, lying upon the posterior part of the stomach.

(1054.) Examined superficiaHy, the testes would seem to form but

one mass, consisting of three lobes (fig. 336, a, a, b) ;
but on investi-

gating the minute structure of the organ, it is found to be made up of

very deKcate secreting-tubes that give origin to two excretory ducts

(c c). After numerous convolutions, which form a kind of epididymus

(d), each duct, becoming slightly dilated, terminates by a distinct orifice

(/), seen upon the basal articulations of the last pair of ambulatory

legs. There is no intromittent apparatus visible ;
but, according to

MHne-Edwards*, the extremity of the excretory duct, by undergoing a

kind of tumefaction, may be protruded externally, so as to become effi-

cient in dii-ecting the course of the fecundating fluid.

(1055.) In Crabs, the mass of the testis is exceedingly large, but in its

essential structure similar to that of the Cray-fish, and the external

opening of its excretory duct is foxmd to occupy the same situation ; in

some genera, however, instead of being placed upon the first joint of

the last pair of legs, the orifices of the male organs are found upon the

abdominal surface of the last thoracic segment.

(1056.) In the male Brachyuraf the so-called false feet constitute the

external sexual organs ; and Mr. Bate has several times taken Carcinus

memos in the act of copulation, under which circumstances he distinctly

saw these styliform processes inserted within the vulvas of the female.

These false feet consist of two pairs, the larger being anterior, and

attached to the first abdominal ring,—the less, or posterior, to the

second ring. In all, except the edible Crab, the second pair is very

small, apparently rudimentary, and lie with their extremities inserted

posteriorly into the larger pair. But in Cancer pagurus, though slight,

they are equally long with the first pair, and have a joint, peculiar to

this Crab, situated near their centre, in addition to one, common to

others, attached to the basal joint. The orifice of this pair is slightly

frilled : it lies posteriorly against the first pair, which are the most

important. These latter are styliform, and attached by a hinge to a

calcareous continuation of the dermal membrane of the abdomen. From

the first joint of the fifth pair of legs a membranous tube (the vas de-

ferens) passes out and enters at the second joint of the so-called false

* Cyclop, of Anat. and Phys., art. " Crustacea."

t " Notes on Crustacea," by C. Spence Bate, Ann. & Mag. Nat, Hist. 2 ser. vi. p. 109.
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feet, continuing through, and terminating at the apex in an oval sHt
Internally the tube is derived immediately from the testicle.

(1057.) Mr. C. Spence Bate believes that Crabs have more than one
brood to a single impregnation by the male, and that the male can only
impregnate the female immediately after she has cast off her shell
"Por days previously the male may be seen running about and hiding
himself under stones, holding the female by one or more of his legs, the
carapace being pressed against the sternum of the male. In this relative
position they continue until the female throws off her calcareous clothing,
when connexion immediately foUows, and continues perhaps for a day
or two."

(1058.) The female generative organs very accurately resemble those
of the male ; and in the unimpreg-

Fig. 337.
nated condition it is not always
easy, from a superficial survey of

the internal viscera, to determine

the sex. In A.staGus Jluviatilis, the

ovaria (fig. 337, a) occupy a posi-

tion analogous to that of the male
testis, and a simple canal derived

from each side (6, c) conducts the

eggs to the external apertures found

upon the first joint of the third pair

of legs.

(1059.) In Crabs, an important

addition is made to the female

generative system : prior to the

termination of each oviduct it is

found to communicate with a wide

sacculus, the function of which is

apparently analogous to that of the

spermatheca of insects (§ 871),

inasmuch as it seems to form a receptacle for the fecundating secretion
of the male, in which the seminal fluid remains, ready to impregnate
the ova as they successively pass its orifice during their expulsion from
the body.

(1060.) The eggs are almost invariably carried about by the female
until they are hatched ; and in order to effect this, various means are
provided. In the Decapoda they are fastened by a stringy secretion to

the false feet under the abdomen
; and a female Crab may generally be

readily distinguished from a male of the same species by the greater

proportionate size of this part of their body.

(1061.) Some of the Decapod Crustaceans, as, for example, the Cray-
fish (Astacus jluviatilis), do not seem to undergo mat<!rial alterations

of form, but simply moult at certain intervals, throwing off their old

Female generative organs ot Astacitg Jlu-
viatilis; abb, ovaria; c, oviduct; d, external
termination of the right oviduct

; e, escaped
ovum.
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integument and acquiring a new covering

genera it is certain that great

metamorphoses take place in the

external appearance of the young

animals. Cavolini long since an-

nounced that the embryo of Cancer

depressus exhibited at birth a sin-

gular and uncouth appearance, of

which he gave a very tolerable

representation*; and Mr.Thompson

has rendered it certain that, even

in the development of the common
Crab, so different is the outward

form of the newly hatched embryo

from that of the adult, that the

former has been described as a

distinct species, and even grouped

among the Entomosteaca, under

the name of Zoea pelagica. On
leaving the egg, the young Crab

presents a curious and grotesque

figure (fig. 338): its body

is hemispherical, and its

back prolonged upwards

into a horn-like appen-

dage ; the feet are

scarcely visible, with

the exception of the last

two pairs, which are

cHiated like those of a

Branchiopod, and formed

for swimming. The tail

is longer than the body,

possesses no false feet,

and the terminal joint is

crescent-shaped and co-

vered with long spines.

The eyes are very large

;

and a long beak projects

from the lower surface

of the head.

(1062). In a more

advanced stage ofgrowth

the creature assumes a

* Sulla Generazione dei Pesci e dei Granchi

Nevertheless in many

Fig. 338.
•

Metamorphosis of Crab. Condition on

leaving the egg {Zoea).

Fig. 339.

Metamorphosis of Crab. Second stage of
deyelopment {Megalopa).

4to. Naples, 1787.
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totally different shape (fig. 339), under which form it has been known
to naturalists by the name of Mecjalopa. The eyes become pedunculated,
the cephalothorax rounded, the tail liat and provided with false feet, and
the chela) and ambulatory extremities weU developed.

(10G3.) A subsequent moult gives it the appearance of a perfect
Crab

;
and then only does the abdomen become folded under the thorax,

and the normal form of the species recognizable (fig. 340).

Fig. 340.

size.

Metamorphosis of Crab, showing the animal in its third or mature form.

(1064.) Notwithstanding the diversity of form under which the
young Crab presents itself at different phases of its growth, examples
of which we have here figured, it would seem, from the observations of
Mi\ C. Spence Bate*, that the progress made towards the mature con-
dition is not by any sudden metamorphosis, but by a series of moult-
ings sinular to those which take place in the adult, and that with each
successive moult there is a corresponding degree of progress in its

development. But the amount of change at each moult is so little that
it gives to the animal but a very small degree of difference in its general
appearance

;
and it is only by a comparison of the earliest form with

the last, and that without any consideration of the intermediate stages
in its growth, that the idea of a true metamorphosis in Decapod Crus-
tacea has arisen. There are, in fact, six or seven well-marked stages
or forms that the growing animal passes through in its progress to

maturity
; and each of these is linked to the preceding as well as to

that which follows by a succession of changes that are but just ap-
preciable.

(1065.) The STOMAPODAf {Mouth-footed Crustaceans) are so called on
account of the size and preponderant development of the jaw-feet,

which, armed with formidable hooks, constitute very efficient instruments
* Phil, Trans. 1848. t oTf'i/ta, moiiili ; no vs, ttoSos, foof.
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for seizing prey. Among these the Squilla mantis or Mantis-Shrimp

is remarkable on account of the remarkable resemblance between its

anterior limbs and those of the insect Mantis (compare figs. 341 and

235). These legs are the representatives of the claws of the Lobster,

but strangely modified in their construction, while the three hinder

pairs are attached to the annulated portion of the thorax. In these

Fig. 341.

Squilla mantis.

Crustaceans, which swim by means of their broadly expanded tails,

the false feet beneath the abdomen assume the office of branchial

organs, and, being expanded into broad and vascular lamellae, present a

considerable surface to the influence of the surrounding element.

(1066.) In the Amphipoda* (fig. 320) the limbs are arranged in two
groups opposed to each other. Their body is generally compressed and
curved towards the breast; they swim and leap with facility, but

always lying on one side. Some of them inhabit fresh water ; but by
far the greater number are marine.

(1067.) The LiEMODipODAf, or AWc'/ooiecZ Crustaceans (fig. 323), are

remarkable on account of the slenderness of their elongated bodies,

which are generally composed of eight or nine segments. The four

front legs, situated beneath the two anterior segments, are terminated by
strong prehensile hooks. These strange-looking creatures live among
seaweeds, upon which they crawl much after the manner of the cater-

* cifKpi, of two sorts; -now, iroSbv, foot.

t Xai/ios, tbe throat; 5(s, twice; irovf, tto^os, foot: = liaving two feet beneath the
throat.

2 G
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pillars oallecl " loopors
;
" but they arc likewise able to swira. In this

group tho respiratory organs seem to couBist of bladder-like appendages
disposed in pairs near the bases of the legs.

'

(1008.) A fifth order of Crustaceans has received the name of
IsopoDA*, on account of their

limbs being all constructed -t^ig. S42.

nearly after the same pattern.

Of these, some species, com-
monly known by the name of

Wood-lice, are terrestrial in

their habits, but require a

certain degree of dampness to

enable them to respire. The
majority, however, are marine;

and of these, some, from their

habit of boring into wood sub-

merged beneath the surface

of the sea, are very de-

structive in our sea-ports and
dockyards. Such, for ex-

ample, is the redoubtable

Limnoria terebrans, represented in the annexed figure.

(1069.) In the Beanchiopoda {Gill-footed Crustacea) the legs used
in swimming are converted into broad-fringed lamellae, so thin that
they perform the office of branchise, and render needless the existence

of other instruments of respiration. In Daphnia, for example (fig. 343),

Fig. 343.

Limnoria terebrans.

Daphnia.

a creature common in every stagnant pool, the body is contained, as it

were, between two corneous plates, open along their inferior edge.

Through this transparent envelope the legs may be perceived in constant

t iffos, equal; ttoiis, TcoSds, a foot.
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movement ; aud from the extreme delicacy of the covering that invests

them, they evidently present to the surrounding medium a surface of

sufficient extent for the purpose of exposing the blood to its action, thus

rendering them efficient substitutes for branchias ;
while, at the same

time, their movements ensure a perpetual renovation of the water in

contact with them, so that, as a necessary consequence, the respiratory

process will be accomplished with greater completeness in proportion as

the exertions of the animal become more vigorous. In the Crustacea,

indeed, we have many interesting and beautiful examples of the con-

nexion between the respiratory and locomotive organs. The amount of

respiration must necessarily be equivalent to the expenditure of muscular

energy ; and a more elegant manner of ensuring an exact correspondence

between the one and the other than that adopted could scarcely be

imagined; for, by conjoining the branchiae with the locomotive agents

themselves, the more actively the latter are emi)loyed, the more freely

win the former receive the influences of the aerated water in which they

are immersed.

(1070.) The Branehiopods, or ENTOMOSTBACA*, as they are

called by zoologists, offer, in their mode of reproduction, several remark-

able variations from what has been described above ; and a brief account

of their most interesting peculiarities is therefore still wanting to com-

plete this part of our subject. They may be divided into two groups :

—

the first including such forms as have their feet terminated by bunches

or tufts of setse (Lophtkopods) ; and the second embracing those fur-

nished with laminated feet obviously sxibservient to respiration ; these

latter have received the name of Phtllopods.

(1071.) The Lophtkopods t, or Tufted-feet Entomostracans, are

further distinguishable by the number of their feet never exceeding ten ;

their legs, moreover, are cylindrical, and never flattened out into leaf-

like expansions. They were formerly confounded under the general

name of Monoculi, from the circumstance that when cursorily examined

under the microscope they appear to have but one eye.

(1072.) The females generally carry their ova in two transparent

sacculi attached to the hinder part of the body ; and it is in these egg-

bags that the oviducts terminate ; so that the ova, as they are formed,

are expelled into the singular receptacles thus provided. Without such

a provision, indeed, it would be difficult to conceive how the ova could

possibly remain attached to the parent, as they far surpass in their

aggregate biJk the size of her entire body, and therefore could not

by any contrivance be developed internally without bursting the crusta-

ceous covering that invests the mother. JurinoJ, Ramdohr§, and other

* evro/ios, an insect ; oarpaKov, a shell : = insects in shells.

t Xn<pvpos, feet furnished with a tuft of hair.

t Histoire des Monocles, 1 vol. 4to. Geneve, 1820.

§ Mat6riaux pour I'llistoire de quelqucs Monocles nllomands. 4to. 1805.

2 Q 2
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nuthors have carefully watched the generative process in several genera
and brought to light many important and curious facts connected there-
with. In Cyclops (fig. 344, i), a species to be met with in every ditch,
the impregnation of the ova is undoubtedly effected in the body of the
parent; and the eggs, when formed, are expelled into two oval sacs
placed on each side of the tail, which Jurine caUs external ovaries
(fig. 344, 4). The number of eggs contained in these sacs gradually
increases; and they exhibit a brown or deep-red colour until a short

Fig. 344.

1. Cyclops qimdricornis (male). 2. Young, in an early stage. 3. The same, further
advanced. 4. External ovisacs of female Cyclops filled with eggs.

period before the growth of the embryo is completed, when they become
more transparent. In about ten days the eggs are hatched and the

young escape ; and such is the prodigious fertility of these little beings

that a single female will, in the course of three months, produce ten

successive families, each consisting of from thirty to forty young ones.

(1073.) In Daphnia (fig. 343) the ovaria are easily distinguished

through the exquisitely transparent shell, especially wlien in a gravid

state; and the eggs, after extrusion, are lodged in a cavity situated
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between the sheUand the exterior of the body, where they remain until

the embryo attains its full growth.

(1074.) The generative system of Cypris (fig. 345) has been described

by Messrs. Zenker* and Plateau f. In the female the ovaria arc two

Fig. 345.

Cypria.

wide tubes situated in the dorsal region, each tube being twisted upon

itself like a ram's horn : these ovaries are closed at one extremity, while

by the other they terminate through the intervention of an oviduct

between the tail and the first pair of legs. Superadded to the ovaria

are two pyriform pouches (receptacula seminis), each of which termi-

nates by a long spiral canal in the vicinity of the posterior opening of

one of the ovaria. From the arrangement of these parts it would seem

that the spermatophores of the male are introduced during the act of

copulation into the receptacula seminis, and, there bursting, allow the

Spermatozoa escaped from their investments to fecundate the eggs con-

tained in the oviduct.

(1075.) In the male Cypris the dorsal cavity is filled by two pairs of

voluminous organs, one of which represents the testes, while the other

consists of mucous glands. The testes, which are two in number, con-

sist of long caeca that open into a common vas deferens that terminates

in the intromittent organ, in company with the excretory duct of the

corresponding mucous gland. By means of the mucous glands a material

is secreted which, by enclosing the spermatozoids, encases them in little

capsules, called ''Spermatophores," by means of which they are securely

transmitted to the ova of the female during the act of copulation.

* " Anatomisch-syBtematische uber dio Krebsthiero," Archiv fiir Naturgeschichte,

Jahrg. XX.

t "Recherches siir les Cru«tac6s d'eau douce de Belgique," Mem. dc I'Acad. do

Belgique, 1868.
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(107G.) One fact connected with the reproduction of the Entomos-
traca is so remarkable that, had we not already had an instance of
the occurrence of a similar phenomenon in the insect world {ApUchs)
the enunciation of it would cause no little surprise to the reader • and
had Its reality been less firmly substantiated by the concurrent testi-
mony of numerous observers who have witnessed it in many different
genera {Cyclops, Daphnia, &c.), it might still be admitted with suspi-
cion. In the genera above mentioned, it has been ascertained, by careful
experiments, that a single intercourse between the sexes is sufficient to
render fertile the eggs of several (at least six, according to Jurine)
distinct and successive generations.

(1077.) In other words, there is a double mode of reproduction, the
sexual and the non-sexual. The former takes place at certain seasons
only, the males disappearing entirely at other times ; whUe the latter
continues at aU periods of the year, so long as warmth and food are
supplied, and is repeated many times, so as to give origin to many
successive broods. Further, a single act of impregnation serves to
fertilize not merely the ova which are then mature, or nearly so, but
all those subsequently deposited by the same female, even at consider-
able intervals. In these two modes the multiphcation of these little

creatures is carried on with great rapidity, the young animal speedily
coming to maturity and beginning to propagate, so that, according to

the computation of Jurine, founded upon data ascertained by actual
observation, a single fertilized female of the common Cyclops might be
the progenitor of 4,442,189,120 young.

(1078.) The eggs of some Entomostraca are deposited free in the
water, or are carefully affixed in clusters to aquatic plants ; but they are

more frequently carried for some time in special receptacles developed
from the posterior part of the body, and in many instances they are

retained there until the young are ready to come forth. In Daphnia
(fig. 343) the eggs are received into a large cavity between the back of

the animal and the shell, and there the young undergo almost their

whole development. Soon after their birth a moult or exuviation takes

place, and the egg-coverings are got rid of with the cast shell. In a
very short time afterwards another brood of eggs is seen in the cavity,

and the same process is repeated. As winter approaches, however, the

Daphnia may be seen with a dark opaque substance within the back of

the shell, which has been called the epMppium, from its resemblance to

a saddle. This, when carefully examined, is found to be of dense

texture ; it generally contains two oval bodies, each consisting of an

ovum covered with a horny casing, enveloped in a capsule, which opens

like a bivalve shell. Erom the observations of Mr. Lubbock*, it appears

that the ephippium is really only an altered part of the carapace, its

outer walls being a part of the outer layer of the epidermis, and its

* Proo. of Roy. Soc. Jan. 29, 1857.
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inner valve the corresponding part of the inner layer. The development

of the ephippial eggs takes place at the posterior part of the ovaries, and

is accompanied by the formation of a greenish-brown mass of granules

;

from this situation the eggs pass into the receptacle formed by the cara-

pace, where they become included between the two layers of the

ephippium. This is cast, in process of time, with the rest of the skm,

from which, liowever, it soon becomes detached, and continues to en-

velope the eggs, generally floating on the sui-face of the water untH they

are hatched with the returning warmth of spring. This curious pro-

vision is obviously destined to afford protection to those eggs which are

to endure the severity of the winter's cold. There seems a strong pro-

bability, from the observations of Mr. Lubbock, that the ephippial eggs

are true sexual products, since males are to be found at the time when

the ephippia are developed, whUst it is certain that the ordinary eggs

can be produced non-sexuaUy, and that the young that spring from them

can reproduce their race in Hke manner. It has been ascertained by

Dr. Baird that the young produced from the ephippial eggs have the

same power of continuing the race by non-sexual reproduction as the

young developed under ordinary circumstances.

(1079.) The Entomostraca repeatedly change their skins. The cast

shell carries with it the sheaths not only of the Kmbs and plumes, but

of the most delicate hairs and setse connected with them. If the animal

has previously sustained the loss of a member, it is gradually renewed

at the next moult, as in the higher Crustacea.

(1080.) The last point which we have to notice, in connexion with

these little creatures, is the progress of their development from the

embryo condition to the mature state.

(1081.) In Cyclops, the newly hatched embryo possesses only

four legs ; and its body is round, having as yet no appearance of

caudal appendages; of young animals in this condition Miiller had

formed a distinct genus, Anymene* ; in about a fortnight they get

another pair of legs, and form the genus Nauplius of the same author.

They then change their skin for the first time, and present the form of

the adult, but with antennce and feet smaller and more slender than in

the perfectly mature state. After two other changes of skin they become

capable of reproduction (fig. 344, 2, 3).

(1082.) PHrLLOPODsf.—The second division of Branchiopods, or

those with laminated feet, includes those genera of Entomostracans

whose legs, at least twenty in number, are composed of flattened and

leaf-like lamina3, constituting in the aggregate a most extensive respi-

ratory surface. It includes the Fairy Shrimps (
Gliiroceplialus diapfianiis)

occasionally met with in the ponds of our own country. These beautiful

creatures, which arc as transparent as the purest crystal, swim, or

* Lalrcille, Regno Animal, vol. iv.

t <j)vWov, a leaf.
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rather glide, through the water with their backs downwards
; whilst theundulatmg

p ay of their numerous legs causes currents tha; bring nu!

7niT ^^°^^th in a continuous stream.
(1083.) EquaUy admirable in their structure, and very remarkable

Tig. 346.

Metamorphosis of Artemia, showing the egg, the fcetus in ovo, and the newly hatched larva.

on account of the quality of the element they inhabit, are the Brine-
Shnmps (Artemia salinus) (figs. 349 & 350) met with in the salt-
pans at Lymington, where they Hve in a brine sufficiently strong to
pickle a round of beef.

Fig. 347. Fig. 348.

Metamorphosis ot Artemia, showing the progressive development of the limbs after
successive moultings of the cuticular integument.

(1084.) These animals are especially interesting as being, perhaps,
the nearest approach in existing nature to the extinct forms of Trilohites
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so abundantly met with in certain geological strata; and we have ac-

cordingly given, upon an enlarged scale, an accurate drawing of their ex-

ternal organization, both in the male and female (figs. 349 & 350).

Who, however, would recognize, in the embryo of this Crustacean on

its quitting the egg (fig. 346), any resemblance to the adult creature,

or even in its second condition (figs. 347 & 348) be able to identify it

as belonging to the same species ? so completely are all its parts re-

modelled in their structure before arriving at the mature state.

Fig. 349. Fig. 350.

Fig. 3i9. Lateral view of the Male Brine-Shrimp (Ariemia salinus). Fig. 350. Female Brine-
Shrimp, showing the swimming-legs and ventral lamin®, and the eggs contained in the pouch after

their extrusion from the oviduct.

(1085.) Stphonostomata * {Sacking-mouthed Crustaceans).—An ex-

tensive series of animals closely allied to the Entomostraca have been

so constructed as to be capable of attaching themselves to the external

parts of other creatures, from which they suck the nourishment suited

to their nature.

* The members of this group were until a recent period regarded as forming a
distinct class, and were termed Epizoa, a name which it is still convenient to

retain.
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(1086.) These parasites are commonly found to infest fishes aud
other inhabitants of fresh and salt water, goneraUy fixing themselvesm positions where an abundant supply of animal juices can be readily
obtained, and where, at the same time, the water in which they are im-
mersed IS perpetuaUy renewed for the purpose of respiration. The
gills of fishes, therefore, offer an eligible situation for their development,
as do the branchiffi of other animals; or they are sometimes found
attached in great numbers to the interior of the mouth in various fishes,
deriving from its vascular lining, or from the abundant secretions met
with in such a locaHty, a plentiful supply of food, whUe they are freely
exposed to the currents of water which the mode of respiration in the
fish brings into contact with them.

(1087.) Some of these animals exhibit exceedingly grotesque and
singular shapes, resembling

imperfect embryos rather Fig. 351.

than mature beings,—the

first buddings of external

limbs, in the earlier period

of foetal development, imi-

tating not very remotely

the appearance of the ru-

dimentary appendages re-

presented in the annexed
figure* (fig. 351).

(1088.) A great number
of species of these para-

sites, generally described

under the name of Ler-

neans, have been observed

by authors ; and it would

seem, moreover, that each

is peculiar to a particular

kind of fish. The variety
Lemeans.

exhibited in their outward forms is, of course, exceedingly great ; but
the examples depicted in the figure given above, namely the Le7'7uea
cjohina (found on the branchiae of Cottus gohio) and Lerncea radiata
(which infests the mouth of Goryphmna rupestris), wiU make the reader
sufiiciently acquainted with their general appearance and external
structure. In the former parasite, of which a posterior and an anterior
view are given in fig. 351 {a, h), the appendages seen upon the head and
sides of the body answer the purpose of hooks or grappling-organs,
whereby the creature retains its position ; and so firm is its hold upon
the delicate covering of the giUs, that, even after the death of the fish,

it is not easily detached. In the second example (c, d), besides the
* Miiller (O. F.), Zoologia Danica, 1788.
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rudimentary limbs, the lower surface of the head and ventral aspect of

the body (d) are covered with sharp spines, calculated to increase very

materially the tenacity of its hold upon the surface from which it im-

bibes food. The sacculi appended to the posterior part of the animal

are receptacles for the eggs, as wiU be explained hereafter.

(1089.) Notwithstanding the anomalous appearance of the adult, the

young Lernean just escaped from the egg is a true Crustacean, and very

much resembles the larva of Artemia (fig. 346) ; it is furnished with

two eyes, swims freely about by means of two natatorial feet, and after

some time undergoes exuviation. During the second period of its life

Fig. 352, Fig. 353.

k a.

Chondrocanlhvs. 1. The dot in the centre of the scroll represents the natural size of the

animal. 2. Male, magnified ; a, 6, c, d, e,f, g, rudimentary limbs, of prehensile character.

3. The female.

it has, attached to the fore part of its body, three pairs of legs termi-

nated by hooked claws, adapted either for crawling or for fixing itself

to a smooth soft surface—and, moreover, has two pairs of swimming-

feet, by the aid of which it can wander about in the water. Up to this

point its growth has tended to improve its organization and complete a

very efficient set of limbs, which, nevertheless, are soon to be totally

demolished. When about to assume the adult condition the female

Lernean enlarges enormously, its limbs grow altogether deformed, its



460 SIPIIONOSTOMOUS CRUSTACEA.

Fig. 354.

organs of sense disappear, and it becomes reduced to a sort of bag en-
0 osmg a stomach, and supporting receptacles for its eggs. The male
although less distorted in appearance, frequently remains two or three
hundred times as smaU as the female to which he fixes himself, living
parasitieaUy upon her, just as she does upon the fish that affords her
nourishment. Such, for example, is the case with the male of Chon-
drocantJucs (fig. 352), a species found Hving parasiticaUy upon the gills
of the Sole and of the Plaice.

(1090.) The Ergasilus cjihhus (fig. 354), which Hkewise takes up its
quarters upon the gills of fishes, is sometimes
met with in such numbers that six hundred of
them have been taken from a single fish

{Pagrus). Segments and articulated limbs are
in this genus plainly visible : the hooked claws,
whereby the creatui-e fixes itself to the bran-
chial fringes, are jointed and moveable, while
those appended to the hinder segments are
fringed with setae and perform the olBce of
natatory organs

; jointed antennae are furnished
to each side of the head

; and, near the base of
these sensitive organs, a solitary eye, in the
shape of a red spot, occupying the centre of
the head, is distinctly apparent, obviously pre-
senting the Crustacean type of organization.

(lOyi.) The Achtheres percarum (fig. 355)
is one of the most remarkable of these para-
sites ; and the details of its anatomy having
been fully investigated by Nordmann*, it will

serve as a good example of the tsf^e of structure
which prevails throughout the group.

(1092.) The Achtheres is found to infest

the Perch {Perca Jluviatilis), adhering firmly to

the roof of the mouth, to the tongue, or some-
times even to the eyes of that fish, in which
situations it is concealed by a brownish slimy secretion, so that its
presence might easily escape the notice of a casual observer.

(1093.) The female, represented in the figure, is about 2 lines in
length

;
the male differs materiaUy from the other sex in many points,

and is considerably smaller.

(1094.) The outer covering of the body of these Httle creatures is of
a homy texture, approximating to the density of the coverings of the
Entomostraca

; and indications are perceptible of a division into seg-
ments : the distinction, moreover, between the trunk {cephnlothomx),

* Mikrographischo Beitra^e zur Natm-geschichto der wii-bcllosen Thiero. Berlin,
1832.

Ergasilus gibbus. 1. Ifatiitory

form, under which the young
animal leaves the egg. 2. Adult
female.
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to which the limbs are appended, and the abdomen, wherein the viscare

are lodged, is obvious.

(1095.) Instead of the rude and imperfect limbs we have seen m the

adult Lerneans, the legs are visibly more perfect in their entire con-

struction ; and in the female the pos-

terior pair of these appendages are con-

verted into a most singular instrument of

attachment, whereby the Achtheres fixes

itseK to the gums of the fish. The hinder

pair of extremities alluded to (fig. 355, h b)

are, in fact, enormously developed ;
they

curve forward after their origin from the

posterior part of the trunk, and are so

much extended that they project consider-

ably beyond the head, and, becoming con-

siderably attenuated, the two are joined

together by a kind of suture, and support

at the point of union a cup-shaped organ

whereby the creature fixes itself. This

singular instrument (represented upon an

enlarged scale at fig. 356, i) is of a car-

tilaginous hardness, resembles a little

bowl, the inside of which is studded with

sharp teeth, and is not only calculated to

act as a powerful sucker, but, from the

hooks within its cavity, is capable of

taking a most tenacious hold xipon the

lining membrane of the mouth.

(1096.) The other members (fig. 355, o) are much less developed, but

Fig. 356.

Achlheres percarttm : a, adhesive

disk; b, b, posterior pair of limbs;

c, stomach ; d, d, ovaria ; e, anal ori-

fice ; ovisacs; o, antennae.

Details of the structure of Achthereti. 1. Adhesive disk, on an enlarged scale : e, e, conjoined ex-
tremities of the hinder pair of legs. 2. Structure of the mouth and parts adjacent: a, a, anterior

limbs; 6, 6, antenna; ;
e, mouth, furnished with rudimentary jaws.
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-Pig. 357.

are novortheless so constructed as to assist materially in fixing theEpizoon
;
they are represented upon a very large scale in fig 356 7where the outer pa.r (a, a) are seen to exhibit, in the transverse iLsnc ented upon the.r sur ace, the first indication 'of articulatedZZ ; andtheir extremxhes, armed with minute hooks, evidently fonu powerful

;irlt7eThl''T.- •

'"'"^^^ ^^^^^ other jointedMgantstm more feeble m their construction, the ends of which (b, h), being

To^r! T. T"' ^^^^^-^ object:'

'

m.wfJ'^ .b T 356, 2, c) is formed for imMbing fluid
material

;
the external onfice is surrounded with a circle of minute re-

cirrved spines, weU calculated to ensure its firm appUcation to the surface
from which nourishment is obtained ; and within this, rudimentaryjaws
furnished with strong teeth are visible, adapted, no doubt, to scarify the
part upon which the mouth is placed, in order to ensure an adequate
supply of food. In the male AMeres, the sucking-bowl possessed by
the female does not exist, the prehensile organs being merely four stout
articulated extremities, armed at the end with strong prehensile hooks.

(lUyb.) As we might suppose,
from the nature of the food upon
which this creature lives, the ali-

mentary system is extremely simple.
The oesophagus (the course ofwhich
is represented by dotted Hues in fig.

356) terminates in a straight di-

gestive canal (fig. 357, a), which
passes through the centre of the

abdomen ; but no separation be-

tween stomach and intestine is

visible. The entire tube, from the

transverse constrictions visibleupon
its surface, has a sacculated ap-

pearance, and is perceptibly dilated

towards the centre of the abdo-

minal cavity ; after which it again

diminishes in size as it approaches

the anal orifice (6), situated at the

posterior extremity of the body.

(1099.) Near the termination of "^"soulnr bands
;
e.unimpregnated, and/, im

., T J T
l""''e'i'^ted ovary; ^r,^, external openinga of the

its course, the alimentaiy canal ovaria.

passes through a loop formed by

transverse bands («, n), and, moreover, seems to be retained in its

position by radiating fibres, apparently of a ligamentous character, but
which have been described as representing a biliary apparatus.

(1100.) The muscular system of this animal is far more jierfcct in

its arrangement than in the preceding classes ; and the delicate fasciculi

Viscera of Achtherespercarum : a, alimentary
canal; b, anal oriiice; c, nervous fllamenta?;
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which move the rudimentary limbs are visible through the transparent

integument (fig. 355). In the abdomen the muscles form longitudinal

and transverse bands that intersect each other at right angles (fig. 357, cZ)

—an arrangement not very diff"erent from what we shall soon meet with

in the rotiferous animalcules.

(1101.) The nervous system appears to consist principally of two long

filaments (fig. 357, c) that run beneath the alimentary canal: but it

is extremely probable that these communicate with some minute ganglia

in the neighbourhood of the head ; at least the perfect structure of the

oral apparatus and the development of the Hmbs would seem to indicate

such a type of structure.

(1102.) The generative organs in the female Achtheres consist of two

parts :—the ovaria, wherein the eggs are formed, contained in the abdo-

minal cavity (fig. 355, d, d) ; and two external appendages, or egg-sacs

(fig. 355, /, /), which are attached to the posterior extremity of the

body, for the purpose of containing the eggs until their complete de-

velopment is accomplished : this arrangement we have already had an

opportunity of examining in the Entomostracous Crustaceans.

(1103.) The internal ovaria (fig. 357,/), when distended with ova,

occupy a great part of the cavity of the abdomen, and present a racemose

appearance ; but when empty, as represented upon the opposite side of

the same figure {e), each is found to be a simple blind canal with saccu-

lated walls, opening externally by an orifice {g, g) through which the ova

are expelled into the egg-sacs, where their development is completed.

(1104.) It would seem that, even when the eggs are hatched, the

excluded young are far from having attained their perfect or adult form,

but undergo at least two preparatory changes or metamorphoses, during

which they become possessed of external organs so totally different from

those they were furnished with on leaving the egg, that it would be

difilcult to imagine them to be merely different states of existence

through which the same animal passes.

(1105.) On first quitting the egg, the young Achtheres is, in fact, by

no means adapted to the parasitical life to which it is subsequently

destined—possessing no organs of prehension like those of the adult,

but merely two pairs of swimming-feet, each armed with a brush of

minute hairs, and calculated to propel it through the water. Before,

however, the first change is eff'ected, another set of feet may be perceived

through the transparent external covering, encased, as it were, in the first;

when these are completely formed, the original skin falls off, displaying,

in addition to the two new pairs of swimming-feet, three pairs adapted

to prehension ; and it is only when the second set of feet are thrown off

in a similar manner that the animal assumes its perfect or mature form.

(1106.) In Lamproglena pulchella we have a stiU more decided

exemplification of the Crustacean type of structure, and the rudimentary

feet, arranged in symmetrical pairs, are as numerous as the segments of
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Fig. 358.

tho body. The hmbs, however, arc as yet only adapted to secure a firm

.It ) f f (Cypnnus jeses), in which situation it is most

developed than those which are placed upon
^

the posterior parts of the animal, and are ap-
parently strengthened by a cruciform carti-
lagmous framework, seen thaough tho trans-
parent integument. The first pair of these
holdmg-feet consist of two robust and powerful
hooks, terminated by simple horny points;
whHst the second, which are Hkewise unciform^
terminate in trifid prongs, and are evidently
equaUy adapted to prehension. The four pairs
of members that succeed to these are mere
rudiments, and can be of Httle service as organs
of attachment

; but, to make up for their im-
perfection, we find at the posterior extremity
of the body, between the orifices of the ovaria

ig), a pair of cartilaginous suckers, well calcu-
lated to fix this part of the animal.

(1107.) The muscular system is readily seen
through the transparent skin : four longitu-
dinal bands are visible (d), running from one
end to the other; and, besides these, broad
transverse fasciculi are discernible in the fifth and
sixth segments of the body. Prom the nature LamprogUrir^icheiia: 6, jaw-

of the feet, however, and general structure of t^^^^^I^fX^
the creature, we must imagine the existence of

of^'' internal ovaria.

muscles provided for the movements of each articulated member, although
irom their extreme minuteness, they escape detection.

^"""'"^ P^^^^'^ centre of the space
bounded bythe four anterior prehensUe hooks ; and the aHmentary canal
IS a simple tube passing straight through the body to the taU, where the
anal orifice is distinguishable. The walls of the intestine have a reticulated
appearance, being covered with a kind of glandular network which pro-
bably constitutes a biliary apparatus.

(1109.) In a creature thus highly organized we may weU expect to
find senses of proportionate perfection ; and ii^ Lam'procjlena their ex-
istence is no longer doubtful. The eyes are distinctly apparent, of a
reddish colour; but, as yet, as in the lowest Crustaceans, united in
one mass. The antennae likewise, which may be regarded as special in-
struments of touch, are wcU developed, and, both in number and
position, resemble those that characterize the Crustacean orders to
which we jire thus conducted by almost imperceptible gradations
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(1110.) The reproductive organs are entirely similar to those of

Achiheres, already described. Those of the female, represented in the

figure, consist of sacciform ovaria, wherein the ova are secreted ; and

from these, when mature, the eggs are expelled through two simple

triangular orifices {g) situated on each side of the anus.

(1111.) One of the most singular and anomalous forms of the suc-

torial Crustaceans is found in NicotJioe Astaci, a creature met with in

great abundance at certain seasons, attached to the gills of the Lobster,

from which it derives its supply of nourishment. This remarkable

animal (fig. 359) dui-ing the earhest periods of its existence is free, and

gifted with energetic powers of locomotion ;
constructed, at its first ap-

pearance from the egg, in perfect accordance with the normal type

belonging to its class, it ultimately selects for its domicile the branchial

Fig. 359.

Nicothoe Astaci. 1. Adult female : a, cephalothorax
; 6, abdomen ; c, poatabdomen

; d, an-
tennse; e, ejes; /, ovisacs; g, lateral appendages; h, h, ovaria; i, oviduct. 2. Adult male.
3. Larva of female Nicothoe.

chamber of a Lobster, where, fixing itself permanently to the branchial

tufts of that Crustacean, it undergoes a wonderful metamorphosis : its

external form is entirely changed ; its senses, and means of relation

with the external world, become atrophied
;
singularly formed excres-

cences sprout from its sides ; and, thus transformed, it is content to live

beneath the shell of the Lobster, without further intercourse with the

external world than is necessary to supply it with the blood which it

sucks for food.

(1112.) The mouth of the Nicothoe is a sort of membranous proboscis,

armed near its extremity with stiliform points, with which it is enabled

to pierce the branchial membrane. Instead of the ordinary more or less

simple tube which constitutes the alimentary canal in other forms of

2 H
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Entomostraca, the digestive apparatus of Nkoihoe consists of two wide
sacculi, united together in the median line, in the shape of a horseshoe,
fi'om the centre of which a narrow canal proceeds towards the mouth'
constituting the oesophagus (fig. 359, h), whilst, derived from the oppo-
site side, another tube of similar calibre runs backwards to the termi-
nation of the tail, forming the intestine (c). The stomach, therefore, is
constituted by the two great lateral caeca {g), in the interior of which
alimentary substances undergo the process of digestion. The thickness
of the walls of these stomachal cfeca is uniform thi-oughout; they are
exceedingly delicate, only exhibiting in their texture some smaU reddish
cells, and are apparently connected to the parietes of the body, in which
they are loosely suspended, by delicate muscular fracna.

(1113.) One very remarkable cu^cumstance presented by the alimen-
tary apparatus of McotJioe is the peristaltic action of its parietes, which
is continued even after its removal from the body, and which here is

evidently in relation with the "pJilebenterism " (see § 1121) exhibited in
the arrangement of the digestive system. No proper respiratory organs
exist in these simply organized beings : the diffusion of the blood through
the interior of the body, subservient alike t« respiration and nutrition,
seems to be entirely effected by the contractions of the intestinal walls

;

and the proper chylific viscera themselves perform the duties of tlie

lacteal, circulatory, and respiratory apparatus of the higher animals.

(1114.) As. with the generality of the Lerneans, the male of Ni-
cothoe was, until recently, unknown to naturalists—a circumstance
attributable To ^wo causes : in the first place, the individuals of the
male sex are very diminutive in aU the genera belonging to this group,
insomuch that from their size they seem to be parasites on the female

:

and secondly, because in some of them, which have been more particu-

larly studied, a phenomenon is observable analogous to what occurs in

the Aphides among insects : there occur whole generations of fertile

females, and most probably, also, gemmiparous races, during a certain

portion of the year, as is the case with Daphnia* (§ 1076).

(1115.) The male of NicoiJioe is represented in fig. 359, 2, magnified

in the same proportion as the female. The generative apparatus of the

female is largely developed : it is situated principally in the lateral ap-

pendages of the body, of which it occupies a considerable part, being

lodged by the side of the digestive caeca. The ovarium (fig. 359, 1, h)

is very irregular in its shape : anteriorly it is bifurcate ; and its whole

surface has a sacculated appearance. The oviducts (i) become conjoined

near the mesial line, and then bend downwards to terminate at the

vulva. These canals are frequently fiUed with ova throughout their

whole length. Prom the oviducts the eggs pass directly into the enor-

mous ovisacs (/), suspended from each side of the caudal portion of the

body, between the lateral appendages, in which they are contained until

* Straus-Diirckheim, " M6in. sur lo Daphnia," Mem. du Mus. 1820.
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sufficiently mature for exclusion, when the ovisac bursting gives issue

to hundreds of minute Nicothocs hatched in its interior.

(1116.) On emerging, the newly hatched Mcothoe is exceedingly

active, and presents nearly the form of a young Cyclops (fig. 359, 3);

neither would any one ever suspect it to be the same creature

which vegetates upon the branchiee of the Lobster. However, no

sooner has it fixed itself in that situation than its body begins to

swell out laterally, in the shape of two tubercles that sprout from the

sides just behiad the third thoracic segment, into which the viscera are

seen to penetrate ; and as these tubercles enlarge, the animal becomes

gradually provided with those enormous aliform appendages that are so

characteristic of the adult female.

(1117.) PrcNOGONiD^.—In the Pycnogons* (fig. 360) the aperture

Fig. 360.

1. Fycnogonum gracile, of natural size. 2. The same, enlarged. 3. Anterior part of its body,
showing the mouth and oral appendages, including a pair of jointed ovigerous filaments, to which
bunches of eggs are attached.

of the mouth is found at the extremity of the tubular proboscis which
projects from the anterior part of the body of these remarkably con-
structed animals. The oesophagus is an extremely delicate and slender
canal that passes directly backwards into the cephalothorax, where it at

once expands into a digestive cavity or stomach which occupies the
centre of the body, and terminates posteriorly in a very narrow and ru-
dimentary intestine.

(1118.) Prom the circumference of the stomach are given off ten lono'

C£eca, the disposition of which is remarkable : of these, the two anterior
are prolonged forwards to the pincer-like rudimentary jaw-feet or

* TTUKvbs, thick; yovv, the knoe:= having thick knees.

2 H 2
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palpi, into the interior of which they penetrate for some distance

;

while the remaining four pairs, which are of great length, are continued
in a similar manner into the locomotive or thoracic legs, extending
almost to the end of the antepenultimate joint. The anal orifice of the
intestine is situated, as usual, at the extremity of the very rudimentary
abdomen.

(1119.) When distended with fluid, these c^ca may he observed to
become constricted opposite to each articulation of the limb. Their
structure is exceedingly simple : they consist of a very thin diaphanous
membrane, in which no trace of fibre is distinguishable, but which ex-
ternally seems to be crusted over with a granular opaque substance, some-
times presenting a violet or yellowish tint. These granulations are
more thinly scattered over the stomach than over the cseca, and upon
the intestine they are wanting altogether. The whole of this digestive
apparatus, notwithstanding that its walls contain no perceptible fibres,

is contractile, and floats freely in the general cavity of the body, being
only retained in situ by a few delicate frtena ; its difi'erent parts may be
observed to have alternate movements of contraction and dilatation,

driving, in undulations, fii-st in one direction and then in another, the
liquid they contain, hurrying along with it the materials in process of di-

gestion. These generally present themselves u.nder the appearance of
roundish or ovoid masses, about ^ of a millimetre in diameter, smooth
and entirely vdthout granulations during the earher period of the diges-

tive process ; but as digestion advances, they may be seen to become
decomposed into roundish granules that powerfully refract the light, and
which are scarcely of a millimetre in size. The fasces seen in the

intestine are entirely made up of these granules irregularly agglomerated

together ; and it is rare to find among them any traces of ahmentary
substances which are not entii-ely decomposed*.

(1120.) It has been stated above that all that portion of the alimen-

tary canal which intervenes between the oesophagus and the intestine is

free, and floats loosely in the general thoracic cavity, which cavity is

prolonged into the limbs, extending beyond the terminations of the

caeca : in this cavity it is easy to distinguish the muscles subservient to

locomotion ; so that the digestive apparatus is evidently lodged in a

great lacuna or cavity which occupies the entire thorax, and is pro-

longed into the claws. This lacuna is filled up with a transparent fluid,

in which may be distinguished a great number of irregular transparent

corpuscles, that appear to consist of agglomerations of smaller globules.

The fluid is constantly agitated with irregular movements backwards

and forwards, caused by the general movements of the animal, or by

the alternate contractions and dilatations of the stomach and cteca, and

which constitute all the circulation discernible in these creatures. No
organ is detectible specially appropriated to this function ; heart and

* Fide M, de Quatrefages, Ann. des Sci. Nat. 1844, iv. p. 72.
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blood-vessels ai-e alike wanting, the great lacuna above described taking

the place of both, since the fluid contained in it is evidently the repre-

sentative of the blood, or, rather, it is the blood itself. Neither are

there any special organs appropriated to respiration, which is here

carried on by the general surface of the body, as we have found it to be

in many of the Entomostracous Crustaceans.

(1121.) The remarkable disposition of the alimentary canal so con-

spicuous in the Pycnogonidae, and which exists, to a greater or less

extent, among the inferior tribes of various .classes of animals, has been

named by M. de Quatrefages ' 'pJilebenterism" *,from the circumstance that

in the instance above given, and in many similarly organized creatures,

the intestinal ramifications supersede, to a greater or less extent, the

functions of the circulatory, respiratory, and chyliferons systems of the

higher animals,

(1122.) The nervous sys-
'

' Pig. 361.

tem of the Pycnogonidae

consists of a thoracic chain

of ganglia, from which are

derived the nerves sup-

plying the limbs, and of

a supraoesophageal mass,

giving off the optic nerves

to the minute ocelli that

constitute the visual organs

of these extraordiuary crea-

tures.

(1123.) EoirFERA t.

—

The minute animals that

next present themselves

for our consideration were,

untU very recently, con-

founded with the chaotic

assemblage of minute crea-

tures to which the name of

• Infusorial Animalcules was

indiscriminately applied

;

but the information at pre-

sent in our possession con-

cerning their internal struc-

ture and general economy,

while it exhibits in a striking manner the assiduity of modern

observers and the perfection of our means of exj)loring microscopic

subjects, enables us satisfactorily to define the limits of this in-

* (^\fci|/, a vein
;
evrepov, an intestine.

f Eota, a wheel ; few, I bear.

Stephanoceros Eichhornii (after Bhrenberg) : a, pharynx;
b, stomachal cavity ; c, 07a contained in the ovary ; d, re-

tractile muscle ; e, gizzard, containing the masticatory
apparatus; J", rotatory organs, resembling those of a
Polyzoon.
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teresting group, and assign to them the elevated rank in the scale of
zoological classification to which, from their superior organization, they
are entitled, ' ^

(1124.) The character whence the class obtains its name is derived
from the peculiar organs placed upon the anterior part of the body
which are subservient to locomotion, and assist in the prehension of
tood These consist of circlets of cilia variously disposed in the neigh-
bourhood of the mouth, and having, when in action, the appearance of
wheels spinning round with great rapidity, so as to produce strong
currents in the surrounding water.

(1125.) The body of the Wheel-Animalcules is enclosed in a delicate
transparent envelope of con-
siderable consistency, often

terminating at the upper ex-
tremity in wavy indentations

and tooth-like processes, as in

Brachionus urceolaris (fig. 362,
c, c). This harder integu-

ment is so constructed as to

allow the animals to move at

large in the element they in-

habit. Continuous with the
free margin of the shell is a
delicate membrane connecting
it with the bases of the cHia-

bearing lobes around the
mouth, so as to allow those

organs, when not in use, to be
retracted within the cell.

(1126.) To the posterior

extremity of the body is gene-
rally appended a pair of for-

ceps, composed of two move-
able pieces (figs. 362 & 370),
used as anchors, or instruments

of prehension ; and by means
of these the little creatures

fix themselves to the Conferv^e

or aquatic plants amongst
which they are usually found

Brachionus urceolaris (after Ehrenberg)
; a,b,c

rotatory apiDaratus and marginal teeth of the she'll

;

d, " calcar," or tubular isrolongation of the shell,
communicating with the visceral cavity; e, oenli-
form Bijot; /, gizzard with its enclosed masticatory
apparatus; g, stomachal cavity; h, h, ccecal append-
ages to the stomach; k, common outlet; I, lateral
canals, to which the vibratory organs are attached;
m, contractile vesicle; n, ovaries; o, flexible tail, in
which the muscular bands are distinguishable

; j>,
terminal forceps.

In BracUonus urceolaris the prehensile forceps (fig. 362, p) is attached
to the extremity of a long flexible taH (o), wherein the muscular fibres
destined for its motions are distinctly visible.

(1127.) The ciHa whose action produces the appearance of wheels
turning upon the anterior part of the body are variously disposed ; and
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Fig. 363.

from their arrangement Ehrenberg * has derived the characters whereon

he bases tlie division of the class into orders. The peculiar movements

excited by the vibration of these organs was long a puzzle to the earUer

microscopic observers, who, imagining them to be reaUy wheels turning

round with great velocity, were utterly unable to conceive what could

be the nature of the connexion between such appendages and the body

of the animal. The apparent rotation, however, has long been proved to

be an optical delusion, and to be produced by the progressive undulations

of the cilia placed in the neighbourhood of the mouth.

(1128.) With respect to the agents employed in producing the cihary

movement in the Kotifera, we are as much in

ignorance as we are concerning the cause of the

same phenomenon in the Infusoria. Ehrenberg

describes the cilia as arising from a series of lobes,

as represented in Notommata clavulata (fig. 370, a)
;

these he regards as being muscular, and capable

of producing by their contractions the rapid vi-

brations of the fibriUse attached to them. We
confess, however, that such lobes, even were their

existence constant, seem very clumsy instruments

for eifecting the purpose assigned to them ; and it

is not easy to conceive how the rapid and con-

secutive undulations, to which the appearance of

rotation is due, can be produced by organs of this

description.

(1129.) The observations of Dr. Arthur Earref

concerning the ciliary movements appear best

calculated to throw light upon the nature of the

action of these wonderful appendages, and to ex-

plain the cause of the apparent rotatory motion of

the so-called wheels of the Rotifera. The very

accurate observer aUuded to remarks that, under

high powers, the cilia have the appearance of

moving in waves, in the production of each of which from a dozen to

twenty cilia are concerned, the highest point of each wave being formed

by a cilium extended to its full length, and the lowest point between

every two waves by one folded down completely upon itself, the inter-

vening space being completed by others in every degree of extension,

so as to present something of the outline of a cone. As the persistence

of each cilium in any one of these positions is of the shortest possible

duration, and each takes up in regular succession the action of the ad-

joining one, that cilium which, by being completely folded up, formed

the lowest point between any two waves, in its turn, by its complete

* Abhancllungon der Koniglichen Akndemie der Wisscnschaften zu Berlin for

1833. t Phil. Trans, for 1837.

Rotifer.
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extension, forms the highest point of a wave ; and thus, while the cilia
are alternately bending and unbending themselveB, each in regular suc-
cession after the other, the waves only travel onward, whilst the cilia
never change their position in this direction, liaving, iu fact, no lateral
motion.

(1130.) The whole of the ciliary movements are so evidently under
the control of the animal as to leave not the shghtest doubt in the mind
of the observer upon this point. The whole fringe of cilia may be
instantly set m motion and as instantaneously stopped, or their action
regulated to every degree of rapidity. Sometimes one or two only of
the waves are seen continuing their action, whUst the remainder are at
rest

;
or isolated ciHa may be observed slowly bending and unbending

themselves, while the others are quiescent. It is by the constant
succession of these movements that the eye is seduced to foUow the
waves which they seem to produce ; and thus the apparent rotation of the
wheels is easily understood.

(1131.) M. Dujardin's explanation of this phenomenon is based upon
the fact that, if equal and parallel Unes placed at equal distances from
each other become bent at regular intervals, so as to overlap the neigh-
bouring lines, they produce dark intersections somewhat resembhng the
teeth of a saw, instead of a uniform surface (fig. 364). In this manner

Fig. 364.

the vibratUe ciHa, being arranged parallel to each other and separated
by simHar interspaces, would equally intercept the light, so that none
would appear more conspicuous than others ; but if, in consequence of
a general movement propagated along such a row of cilia, some of them,
by being momentarHy bent down, are placed in juxtaposition with the
neighbouring cilia, the light being more intercepted, a darker or more
obscure line will be the consequence. It is easy, then, to conceive that,
when all the cilia thus bend themselves in regular succession, numerous
intersections of this kind will occur, apparently progressively advancing
in the direction of the propagation of the movement

; consequently, if

each of these intersections whilst in motion preserves the same form, as
being formed by the same number of equal lines the inclination of
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wliich is simUar as respects each other, it wiU give to the eye the

appearance of a soM body of a definite shape, such as the teeth of a

saw, or of a wheel, in uniform movement. In this way it is easy to

understand how the circular rows of cilia in the Eotifera produce the

appearance of a dontated wheel in motion*.

(1132.) A very shght examination of one of these creatures under

the microscope will show that the cilia answer a double purpose
:
if the

Rotifer fixes itself to some stationary object by

means of the anal forceps, the ciliary action, by Fig- 365.

producing currents in the water all directed to-

wards the oral orifice, ensures a copious supply of

food, by hurrying to the mouth whatever minute

aliment may be brought within the range of the

vortex thus caused ;
or, on the other hand, if the

animal disengages itself from the substance to

which it held by its curious anchor, the wheels,

acting upon the principle of the paddles of a

steamboat, carry it rapidly along with an equable

and gliding movement.

(1133.) The whole ciliary apparatus, when not

in use, is retracted within the orifice of the shell,

and lodged in a kind of sheath formed for it by

the inversion of the tegumentary membrane. The

muscular fasciculi by which this is effected are very

conspicuous
;
they arise from the lining membrane

of the shell, and run in distinct fasciculi in a

longitudinal direction, to be inserted into the

lobules whereon the cilia are arranged (fig. 370,

m, m).

(1134.) But, besides these retractor muscles,

other fasciculi of muscular fibres are distinctly seen to run transversely,

crossing the former at right angles : these are, most probably, the

agents provided for the extrusion of the wheel-like apparatus; for,

arising, as they do, from the inner membrane of the hard integument,

they will, by their contraction, compress the fluid in which the viscera

* To render intelligible the production of this wheel-like appearance by ciliary

movement, we annex M. Dujardin'sfigm-e representing the position of a row of cilia

at a given moment. In this, it is to be supposed that the straight cilia, which ai-e

parallel and equidistant from each other, are susceptible of successive oscillations,

like the cilium A b, the first of the series,—each capable of describing by a uniform
movement the angle b a c, of which the apex is at the point of attachment, by
changing its position from the perpendicular, a b, till it attains the position A c, and
then returning with the same rapidity of motion to its first condition, A b, repeating

continually similar movements in both directions. Now, as the other cilia of the

series only commence this movement one after the other, each being in advance of
the preceding one on the left hand by a fourteenth part of the space occupied by the

Hydatina.
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float, and, forcing it outward towards the orifice of the shell it will
of course, push before it the wheels, so as to evert the tegumentary
membrane connecting them with the sheU, by unrolling it like the
finger of a glove, and thus causing the rotatory organs to protrude at
the pleasure of the animal.

(1135.) We have already described the means whereby the liotifera
procure a supply of food, namely by exciting currents in the surround-
ing water

;
the materials so obtained pass at once into a pharynx, the

relative capacity of which varies considerably in different species ; from
the pharyngeal receptacle it is conveyed into a singularly constructed
gizzard, to be bruised and broken down by an apparatus provided for
that purpose

; thus prepared, it is allowed to enter a third cavity,
wherein digestion is accomplished, which may be called the stomach
and this, after becoming graduaUy constricted in its diameter, terminates
at the caudal extremity of the body.

(1136.) The usual arrangement of the digestive apparatus will be
readily understood on reference to the annexed figures : thus, in Stejjha-
noceros EicKliornii (fig. 361), the pharynx (a) is very capacious, receiving
readily the materials brought into it by the ciliated arms ; the gizzard
(e) is a small globular viscus, containing the instruments of mastication,
hereafter to be noticed ; while the digestive cavity properly so called

(6), which presents no perceptible division into stomach and intestine,

extends from the gizzard to the anal aperture.

(1137.) In BracUonus urceolaris (fig. 362) the pharynx or oesophagus

((?) is less capacious ; the gizzard (/) exhibits through its transparent
coats the peculiar dental organs placed within it ; and the stomach (g)
is seen partially folded upon itself by the retraction of the body. We
observe, moreover, in this animal, appended to the commencement of
the stomach, two large csecal appendages (h, h), which were scarcely per-

entire wave, and the same distance from that which succeeds it on the right hand, at
every fourteenth interval the cilia present themselves in the same state of flexure,
and a row of cilia in motion presents, for the instant, the appearance represented in
the figure, in which, at spaces of from foiu-teen to fifteen cilia, there is a shaded in-

tersection, which advances with a uniform movement from left to right as each cihum
successively assumes the position of that which follows it on the right-hand side.

Suppose, now, the duration of each oscillation divided into fourteen instants, a
given cilium will occupy successively the positions a b, or a o, a a m, a I, a k, a i,

A A c, in the space bac, during the first half of the oscillation, the movement
taking place from left to right. The other positions during the second half of the

oscillation, the movement being from right to left, are, Aff, a /, a e. Ad, ac, Ab, A a,

—the position A a' being the same as A b, or A o, constituting the limit of the second
half of that oscillation and the commencement of a new one.

In this manner the intersections, having the appearance of the teeth of a saw, will

appear to advance with a uniform motion in the direction of the movement of oscil-

lation, giving the appearance of a chain or row of pearls in motion in the case of a

rectilinear row of cilia, or of a toothed wliecl if the cilia arc disposed in a circle.

—

Fide Dujardin, Hist. Nat. des Infusoires.
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ceptible in the last figure, and which, no doubt, are of a glandular

nature, furnishing some fluid to be mixed up with the bruised aliment

contained in the stomach, to assist in the digestive process. To these

secreting ceeca, Ehrenberg has chosen to give the name of pancreas

;

but for what reason it is difficult to conjecture, since the first rudiments

of a pancreas are only met with in animals far higher in the scale of

animal existence. Every analogy, indeed, would lead us to denominate

these cceca the first rudiments of a liver—by far the most important and

universal of the glandular organs subservient to digestion ; and in a

variety of creatures we shall afterwards find it presenting equal sim-

plicity of structure. In Notommata centrura the caeca are merely two

Fig. 366.

1. Notommata centrura: a, rotatory cilia ; 6, calcar; e, ocular speck ; ti, masticatory apparatus

;

e, oesophagus; J", stomach; g, g, eaecal appendages to the stomach; h, h, longitudinal muscles;
i, i, transverse muscular bands ; k, k, ovaria ; I, ccecal tubes, to which are attached peculiar
vibratile organs ; m, cloaca ; n n, caudal forceps.

pouches opening into the top of the stomach, whereas in Notommata
clavulata there are six of these appendages (fig. 370, e e) communicating

with that enlarged portion of the digestive canal (c) which may be

looked upon as the proper stomach.

(1138.) We must now revert to the consideration of the dental

apparatus contained in the gizzard, represented in situ in fig. 362, /, and
exhibited on a still larger scale in fig. 368. This curious masticating

instrument consists of three distinct pieces, or teeth, which arc made to

work upon each other by the contractions of the gizzard, so as to tear
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in pieces or bruise all matters made to pass tlirough the cavity con-
taining them. The central piece (fig. 362,/) may be compared to an
anvil, presenting on its upper surface two flattened facets ; and upon
these the other two teeth (that might, without much stretch of fancy,
be compared to two hammers) act. Each of the superior teeth may be
described as consisting of two portions united at an angle : the larger
portion, or handle as it might be caUed, serves for the attachment of
muscles

;
whilst the other part is free in the cavity of the gizzard, and

works upon the facets of the anvil, the edge being apparently divided
into teeth resembHng those of a comb, and evidently adapted to bruise
or tear substances submitted to their

action. Such is the transparency Fig. 367.

of the whole animal, that the effect

of these remarkable organs upon
the animalcules used as food is di-

stinctly visible under a good micro-

scope
; and if the Eotifer be com-

pressed between two pieces of glass,

so as to break down the soft textures

of its body, the teeth may, from
their hardness, be procured in a

detached state for minute exami-

nation. The whole apparatus de-

scribed above evidently resembles

very closely the kind of stomach

met with in the Crustacea, to which

the Eotifera will be found gradually

to approximate.

(1139.) In Melicerta ringens the*

alimentary canal commences with

a small oval orifice situated near

the sinuated disk formed by the

rotatory organs. It opens into an

oesophagus that conducts the food

down to the gastric teeth (fig. 367,

1, e). This dental apparatus consists primarily of two slightly arcuate
jaws, broad at their upper extremities, narrow and pointed inferiorly.

Elastic ligaments bind these together at each end. The front or convex
margin of each jaw is crenulated, the projections corresponding with
the transverse parallel ridges usually regarded as the teeth of the
animal. These jaws form the two lips of a sac, the lateral parts of
which consist of a separate tissue which overlaps each jaw at its anterior
margin, hooked on, as it were, to the crenulations, and thrown by them
into permanent parallel corrugations. Each of these corrugo,ted organs
passes first outwards, and then downwards and backwards, where they

Melicerta ringens (after Prof. Williamson)

:

a, a, ciliated lobes, constitTuting the rotatory
apparatus; 6, hooks, called by Sehaflfer "the
lips;" c, rotatory flap, or "pellet-cup"
(Grosse); tentacular organs; e, gizzard, con-
taining the gasti-ic teeth ; /, upper stomachal
cavity; g, inferior stomachal cavity; A, anal
outlet

; i, protuberance occasioned by the act
of defecation; k, ovary; I, dilated oviduct;
m, filamentary spermatic tube (?) ; n, n, mus-
cles of caudal appendage; o, prehensUe organ;
p, p, corpuscles floating in the perivisceral
fluid

; q, ova nearly ready for expulsion.
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are bound together by another broad membrane, which completes the

^ac posteriorly. The food enters this sac by a passage from the oeso-

phagus at its superior extremity, is crushed between the two jaws, and

then passes out again by a similar orifice at its opposite or lower end

to enter the stomach *.

(1140.) After passing the dental organs, the food enters an elongated

stomach (fig. 367, i, /) with very thick

pulpy parietes. In young examples these ^^S-

waUs are colourless and transparent, but

in more matured specimens they exhibit a

bright olive hue. The whole cavity, as

well as the oesophagus leading to it, is lined

with cilia that are constantly playing. On

rupturing this organ, it is seen to be com-

posed of a thin pellucid external membrane, Gastric dental apparatus of

exhibiting no distinct structure, but within ^:-r:T:\:^^
which is a thick layer of large, tinged work; d, handle-like processes;

epithelial cells. These are easily detached Prorwmiamson!)"'"*'
'^^^^'^

from the membrane, when each one is seen

to be spherical, containing numerous yellow granules, and very often a

nucleus with its nucleolus. The cilia are attached to one side of these cells,

the great length of the former constituting the most marked feature of

this arrangement ; it often indeed, equals the entire diameter of the

cell. Some of the cells exhibit no cilia ; others are only furnished with

them on one side, while a few appear to be fringed with them through-

out their entire circumference. Professor "Williamson supposes that in

the latter case the cells have projected considerably into the cavity of

the stomach. The yellow granules are absent from those of young

animals, showing clearly that it is these contained granules that give

the colour to the parietes of the stomach.

(1141.) This stomach appears to be chiefly a receptacle for the food.

From time to time, especially when the viscus is distended, portions

of its contents pass down into a lower stomach (fig. 367, i, g), which

is separated from the upper one by a marked but varying constriction.

The second stomach is also lined with cilia even larger than those of the

upper viscus ; but the parietes are very much thinner and more trans-

parent, the ceUs being less easily traced. The diameter of the organ is

nearly the same in each direction, so that it is almost spherical. The

mass of food with which it is usiially distended is constantly revolving,

the motion being due to ciliary action. This process goes on for some

minutes, after which the creature contracts its body and forces the en-

tire contents out of this viscus into a long narrow cloaca that terminates

* See a Paper by the Rev. the Lord Sidney Godolphin Osborne, read before the

Manchester Lit. and Philos. See, ' Monthly Microscopical Journal ' for May 1860,

p. 32.3.
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externally by an aj.al outlet (fig. 367, h). As it does this, it evertsa considerable portion of the cloaea, thus almost bringing the doacaoutiet of the stomach to the exterior, and causing at the same me alarge transparent protuberance (fig. 367, i) to be developed on theorresponding side of its body. At other times the creature can di-aw

visible.''

""^^l^'^^"^''' any trace of a cloacal canal is

(1142.) Notwithstanding the microscopic size of the Eotifera, and
the consequent difficulty of detecting the more minute details of their
structure, Ehrenberg thinks he has succeeded in discovering filamentary
nerves, and nervous masses, distributed in different parts of their body —
an arrangement which not only would account for the complete asso-
ciation of their voluntary movements, but, from the presence of gangha
would render these animals capable of possessing some of the local
senses

;
indeed Ehrenberg imagines he has discovered such to exist in

the shape of red specks, to which he gives the name of eyes. The organ
alluded to IS a minute red spot, indicated in the figures (figs. 362 and
370)

;
nevertheless no organization has been described of such a nature

as to entitle us unhesitatingly to designate it an organ of vision, even
11 It should, as he intimates, invariably be in connexion with a nervous
mass, which, from examining his drawing of the arrangement of the
nerves, we should have Httle expected to be the case.

(1143.) The nervous system of Notommata clavulata, as described by
this indefatigable observer, is represented in fig. 370. It would seem
to consist of several minute nodules (fig. 370, i, i), exhibiting a some-
what symmetrical arrangement, and disposed apparently in pairs

; some
of these nodules, which are about ten in number, communicate with
each other by deHcate filaments, whilst others seem to be quite insulated
from the rest.

(1144.) Every one who is acquainted with the difficulty of conducting
microscopical observations, especiaUy with the high powers needful in
detecting structures so minute as the nerves of the Eotifera, wiH be
exceedingly cautious in admitting the complete establishment of facts
involving important physiological principles ; and we cannot help
thinking that Ehrenberg has been misled by some appearances which
it IS impossible for the most correct observer always to guard against,
in assigning to the Eotifera an arrangement of the nervous system so
totally different from what is met with in any other class of animals as
that represented in his figure from which our engraving has been ac-
curately copied.

(1145.) All our ideas of the physiology of the nerves would lead us to

suspect some error. The uses of ganglia, as far as we know at present,
are either to associate nerves derived from different sources, or to serve
as centres for perception, or else they are for the concentration of ner-
vous energy. The position of the ganglia depicted in the figure as beiiig
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in relation with the nervous threads would scarcely seem to be consistent

with either of the above offices ; and therefore we cannot but regard the

observations that have been hitherto recorded concerning the nervous

system of the Kotifera as far from being complete.

(1146.) Professor Williamson observes that these small organs, which

are so common amongst the Rotifera, and which Ehrenberg regards as

nervous ganglia, are abundant in the Melicerta, but they afford no coun-

tenance to the hypothesis of the great Prussian Professor. They appear

to be nothing more than small cells or vesicles, formed of granular viscid

protoplasm, very similar to those into which the yelk of the egg becomes

divided. Sometimes they float freely in the fluid which distends the

integument and bathes the viscera ; at others, thin ductile threads pass

from one vesicle to another, as represented in fig. 369, 7i, where these

objects are delineated as they appeared in one individual, in the clear

space immediately below the viscera. They differ as widely as possible

in their size, number, and proportion.

So far from being nervous vesicles, they

appear rather to be cells modified into

a rudimentary form of areolar tissue.

That they are hollow vesicles or cells,

very viscous, readily cohering, and,

owing to this coherence, easily drawn

out by the movements of the various

organs to which they are attached, are

facts capable of easy demonstration.

(1147.) Leydig conceives the nervous

system of Lacinularia to consist of,

first, a ganglion situated behind the

pharynx, composed of four bipolar cells

with their processes; secondly, of a

ganglion at the beginning of the caudal

prolongation, composed of four larger

ganglionic cells and their processes.

The last-mentioned cells are described by Professor Huxley as vacuolar
thickenings—finding no difference whatever between them and the

thickenings in the disk, which Leydig himself allows to be mere
thickenings.

(1148.) Professor Huxley's own view upon the subject is as follows* :

—On the oral side of the neck of the animal, or, rather, upon the under
surface of the trochal disk, just where it joins the neck, and therefore

behind and below the mouth, there is a small hemispherical cavity, which
seems to have a thickened wall and is richly ciliated within. Below
this sac, but in contact with its upper edge, is a bilobed homogeneous
mass, which Professor Huxley believes to be the true nervous centre.

* Quarterly Journal of Microscopical Science, no. 1. p. 9.

Fig. 369.

3
Lower half of the body of Melicerta

rinqem, highly magnified: a, lower
stomach; 6, c, lower portion of ovary
and oviduct; (i, intestine; e, filamentary
spermatic tube (?) ; /, g, g, retractor
muscles; h, corpuscles swimming in
the periintestinal fluid, regarded by
Ehrenberg as nervous ganglia.
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(1149.) On the nuchal region of many species of llotifers are two
remarkable organs (fig. 367, i, d, d), which, from their structure, appear
to perform the office of tentacula, although various uses have been
assigned to them by different observers. Ehrenberg supposed them to
be connected with the respiratory function, while Dujardin compares
them, with much greater probabilitj', to the antennse and palpi of the
Entomostracous Crustaceans. In Melicerta ringens *, these organs, when
fully protruded, are seen to be terminated by a brush of fine divergent
setae (fig. 367, 2, a), implanted on the convex side of a small deltoid
body (6) ; from the flat side of this latter appendage there proceeds
along the interior of the tube,

towards the body of the animal, Fig- 370.

a delicate muscular band (c),

which by its contractions draws

the deltoid body backwards,

thus inverting the extremity of

the tube, and forming a double

sheath protecting the setae. The
whole apparatus, observes Pro-

fessor Williamson, is very simi-

lar to that seen in the tentacles

of the Snail, and appears to

constitute rather a tactile than

a respiratory organ. This is

rendered the more probable by

the fact that, when the animal

first emerges from its tessellated

case, the extremities of these

two tentacles are the first parts

to make their appearance, the

two curved hooks, named by
Schaffer the lips (fig. 367, 1, 2),

being the next. The setae are

usually half drawn into the

inverted tentacle, but they

project sufficiently forward to

constitute delicate organs of

touch, supposing the deltoid body, into which they are implanted, to be

endowed with sensibility. The animal cautiously protrudes these ten-

tacles before it ventures to unfold its rotatory organs ; but it does not

direct them from side to side, as an insect does its antennae.

(1150.) In addition to the elaborate organization described above, the

Prussian naturalist conceived that he had discovered a vascular appa-

ratus, consisting of transverse vessels (fig. 370, n, n), in which he sup-

* Williamson, he. cit.

Notommata clavulata (after Ehrenberg) : a, rota-

tory organs
; 6, gizzard

;
c, stomach ; d d, intestine

;

e, csecal appendages to stomach
; /, ovary ; <j, con-

tractile vesicle ; h, h, lateral tubes, to which are ap-
pended the vibratory organs; n, ji, transverse bands,
supposed by Ehrenberg to belong to a vascular system.
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posed a circulation of the nutritive fluids occurred. But the vascular

character of the transverse strioo visible in this position is more than

doubtful, as there seems every reason to suppose that the appearance

depicted in the figure is due to the existence of the transverse muscular

bands vrhoreby the extrusion of the rotatory apparatus is effected,

analogous to those occupying a similar situation in the Polyzoa.

(1151.) The mode in which respiration is effected, in the class of

animals under consideration, has been a subject of much dispute. Some

have supposed the contact of water, applied to the general surface of the

body, sufficient for the aeration of the nutritious juices, especially as its

constant renewal would be ensured by the ciliary movements. Bory de St.

Vincent*, on the contrary, regarded the rotatory cilia as real gills, re-

sembling those of fishes ;
and, mistaking the movements of the gizzard

for the contractions of a heart, conceived these animalcules to be even

superior to iasects in the organization of their vascular system. Ehren-

berg, moreover, thinks that he has discovered an internal respiratory

apparatus of a most extraordinary description. In Notommata centrurci

he remarked seven vibrating points on one side, and six on the other,

attached to two long and undulating viscera, which he elsewhere describes

as being the testes of the animal (fig. 366, /) ; the above-mentioned

points were never at rest, and appeared to be placed in determinate

positions opposite to each other. Accurate observations, he says, have

shown each to be a peculiar little organ, provided vdth a tail resembling

that of a note in music, and to be thrown into vibration by three little

vesicles, or folds of their inflated extremity ; these organs float freely

in the abdominal cavity by their enlarged portion, while by their tail

they are attached to the long tubular organ above referred to.

(1152.) Ehrenberg's first idea on seeing these organs was that they

formed a vascular system, executing movements of pulsation ; but he

now considers them internal branchiae, or organs of respiration, to

which the external water is freely admitted in the following manner :

—

(1153.) In many species of the Eotifera, we find, projecting from the

neck of the animal, a horny tubular organ, called by Ehrenberg the

caJcar or spur (fig. 362, d) : this he at first considered to be the male
organ of sexual excitement ; but he now regards it as a siphon, or a

tube of respiration, through which the circumambient water passes freely

into the cavity of the body. He thinks, moreover, that the periodical

transparency, and the alternate distention and collapse of the animal,

seen to occur regularly in almost all the Rotifera, are produced by the

introduction of water into the visceral cavity and its subsequent expul-

sion therefrom, upon which action the fluctuations observed in the in-

terior of the body would therefore depend. The supposition that water
is injected in this manner into the body seems to be favoured by other

appearances : for when the internal cavity is thus filled, all the viscera

* Diet, des Sci. Nat., art. " Rotifera.'

2 I
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appear isolated, so that the boundaries of each can be distinctly seen

;

but when the water is discharged, they approximate each other, their
limits become confounded, and the external membrane of the body
assumes a crumpled appearance.

(1154.) Upon reviewing the above account of the mode of respiration
in the Rotifera, we must say that we consider that the office assigned to

the little organs called branchiae is extremely problematical, especially

as we have but the most vague intimations concerning the existence of
a circulating system at all, much less of such a double circulation carried

on in arteries and veins as the presence of such organs would infer,

" I presume," says Ehrenberg, <' that the branchiae possess a vascular
system ; for when the local contractions occur in the body of the animal,
we see distinctly a certain number of filaments (vessels ?) loose and
delicate." The opinions of the Professor himself concerning the nature
of the organs which he describes being so indefinite, we must pause
before adopting the physiological views to which their admission would
lead—more especially as, from the very fact of the whole visceral cavity

being perpetually filled with aerated fluid, the existence of any localized

organs of respiration could hardly be esteemed necessary.

(1155.) The two lateral bands above mentioned (fig. 366, 1), with
which are connected the " trembhng gill-like organs " of Ehrenberg, are

regarded by some observers as constituting a peculiar apparatus, dis-

tinguished as the water-vascular system,^' of which, as they exist in

Lacinularia socialis, the following description is given by Professor

Huxley*. In this species there is no contractile sac as in other genera

;

but two very delicate vessels, about -^qt^ of an inch in diameter,, clear

and colourless, arise by a common origin upon the dorsal side of the

intestine. The vessels separate, and one runs up on each side of the

body in the direction of the mouth. Arrived at the level of the pharjm-

geal bulb, each vessel divides into three branches : one passes over the

pharynx and in front of the pharyngeal bulb, and unites with its fellow

of the opposite side ; while the other two pass, one inwards and the

other outwards, in the space between the two layers of the trochal

disk, and there terminate as ceeca. Besides these, there seemed some-

times to be another branch just below the pancreatic sacs.

(1156.) A vibratile body is contained in each of the csecal branches,

and there is likewise one on each side in the transverse connecting

branch. Two more are contained in each lateral main trunk, one oppo-

site the pancreatic sacs, and one lower down, making in all five on each

side. Each of these vibrating bodies is a long cilium {y^s
inch), attached by one extremity to the side of the vessel, and by the

other vibrating with a quick undulatory motion in its cavity, giving rise,

as Siebold remarks, to an appearance singularly like that of a flickering

flame.

* Quarterly Journal of Microscopical Science, no. 1. p. G.
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Fig. 371.

(1157.) The last subject that we have to consider relative to the

internal economy of the Rotifera is the conformation of their generative

apparatus, which attains a considerable perfection of development.

The reproductive system is composed apparently of two distinct parts

—

the one subservient to the formation of the. ova, the other destined

either to fimiish some secretion essential to the completion of the egg,

or, as has been surmised, secreting a fertilizing fluid by which the

impregnation of the ova is effected prior to their escape from the body.

(1158.) In Melicerta ringens, as we learn from Professor "William-

son's admirable memoir, the ovary is a hollow sac, consisting of a very

thin pellucid membrane, fiUed with a viscid granular protoplasm of a

light-grey colour, in which may be perceived some twenty or thirty

nuclei, each, containing a nucleolus in its interior ; these seem to be

successively selected for development after the

following manner :—One of the nuclei situated

near the surface of the ovary attracts around it a

small portion of the graniilar protoplasm, which

becomes detached from the remaining contents of

the ovary. The portion thus sjiecially isolated

gradually enlarges, assuming at the same time

a darker hue ; and the nucleus slightly enlarges,

while its central nucleolus appears to become
absorbed. "When the ovum, thus separated from
the ovarian protoplasm, has attained its fuU size,

it becomes invested by a thin shell, which is appa-

rently a secretion from its own surface. The
ovum being thus ready for expulsion (fig. 367,

1, q), is slowly forced down to the lower part of

the ovary, and, sweeping round the inferior

border of the lower stomach, passes through the

dilated oviduct (fig. 367, i, I) and enters the

cloaca, whence, by a sudden contraction, it is ex-
pelled.

(1159.) At this point of development the yelk consists of a single
segment; but very soon the central nucleus becomes drawn out and
divides into two, this division being followed by a corresponding seg-
mentation of the yelk. The same process is repeated over and over
again, until at length the yelk becomes converted into a mass of minute
ceUs. The first trace of further organization which presents itself
appears in the form of a few freely moving ciHa ; these are developed
at two points—one at c a, fig. 371, i, which corresponds with the future
head, and the other near the centre of the ovum (&), which is destined
to become the cavity of the stomach

; shortly after this appearance of
cilia, traces of the dental apparatus become recognizable—this, again,
being soon succeeded by the union of the entire mass of yelk-cells, and

2 I 2

Young Melicerta : I. a,cc,
rotatory organ; 6, gizzard;
d, alimentary canal. 2. An
individual employed in the
construction of its tube, a b.
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the formation from them of the various organs of the animal. The
cilia now play very freely, especially at the head (a) ; the creature
twists itself about in its shell ; and two red spots (c c), regarded by
Ehrenberg as organs of vision, appear. The young animal now bursts
its shell, and presents the appearance represented in fig. 371,—its whole
organization, though obscurely seen, being that of the perfect animal,
and not of a larval state.

(1160.) The young Melicerta, when first hatched, is free, and swims
about actively in the water for a short period, when, attaching itself

by its caudal extremity to some foreign object, it proceeds to manufac-
ture for itself a tube for its future residence by means of a most
remarkable apparatus appointed for the purpose. This is the append-
age called by Professor Williamson the fifth rotatory flap (fig. 371, i, c),

and named by Mr. Gosse* the "chin" or " peUet-cujj," in which the
minute masses whereof the tube is formed are prepared. Into this

cup-like organ foreign particles are continually brought, at the wiU of

the animal, by ciliary action, and collected into little peUets, which are

deposited as quickly as they are completed in successive rows around
the foot, until a tube is formed of sufficient size for the lodgment of the

Httle Eotifer (fig. 371, 2, a b).

(1161.) In the remarkable genus ^spZanc^ma, it has been ascertained

by Mr. Dabymplef that the Eotifers are bisexual, and, moreover,

that the male individual is one of the strangest organisms as yet disco-

vered. In the female the sexual apparatus is very completely developed,

consisting of an ovary, an ovisac, vaginal canal, and vulva, the whole

being so transparent that the development of the embryo throughout all

its stages is readily observable, and its progress traced from the time

of the formation of the egg to its birth. The eggs are of three kinds

:

the first is of ordinary structure, wherein the formation of the female

embryo is easily witnessed while contained in the body of the parent

;

but towards the latter end of the season, ova are furnished of a totally

different character, which are apparently destined to remain through

the "winter undeveloped until the following year. In a third description

of ovum an embryo may be observed to become gradually developed

from a germinal vesicle untU. it begins to assume a definite shape and

independent movement, when we are at once struck with the remarkable

peculiarities observable in its form, size, and organization ; this is the

male, which will require special description.

(1162.) This male is about two-thirds the size of the female, generally

resembling it in shape, but more flattened at the lower part, or fundus,

and more prolonged at the side corresponding to the vaginal opening in

the female, which in the male presents a similar valvular opening, though

comparatively smaller in extent. Within this valve is observed a short

* Quarterly Journal of Microscopical Scienco.

•( Fide Phil. Trans, for 1849, pis. 38 & 34.
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canal, leading to a largo spherical bag, filled with molecular bodies

in a state of constant tremulous movement. From this sac, which

Mr. Dalrymple denominates the " sperm-bag," a short but thick rounded

body projects into the canal before mentioned as leading to the lateral

opening; and around the extremity of this projecting process, and even

within it to a short distance, is a visible 'ciliary motion, indicating a

canal. On the neck of the sperm-bag is a fasciculus of delicate muscular

fibres, which are inserted along the commencement of what is evidently

the penis. Muscular bands, arising from the tegumentary parietes of

the animal, in the vicinity of the valvular opening, go to be inserted

into the root of the penis, and may be frequently observed drawing it

up to the opening, and even extending it beyond the body of the animal-

Muscles also for the purpose of opening the valve, very similar to those

employed for the same purpose in the female, and the bands which

bring the penis forward, clearly show it to be an extrusory organ, and

to form a complete male apparatus. The sperm-bag, when mature,

evidently contains active spermatozoa.

(1163.) Although Mr. Dalrymple never had an opportunity of ob-

serving any action beyond the extrusion of the penis, Mr. Brightwell, of

Norwich*, has observed in seven different instances the direct copulation

of the two sexes—clearly establishing the dioecious character of this

remarkable family.

(1164.) But there is another circumstance connected with these

Eotifers, almost without parallel in the animal creation. The male, as

has been said, possesses the same general figure as the female ; it has

also the contractile cloacal cavity, named by Mr. Dalrymple " the respi-

ratory sac," as well as the " water-system," furnished with the vibratory

or cUiated tags. It has also the ordinary rotiferous apparatus at the

head, through the agency of which its various movements of locomotion

are performed ; the red " eye-spot " likewise is distinct. It has, how-

I

ever, no mandibles, nopliarynx, oesophagus, pancreatic glands, or stomach
;

there appear to be no organs of deglutition, digestion, or assimilation

;

only, at the lower part of the animal, on the other side of and opposite

to the valvular opening, there are three small oval bodies massed together,

having no communication by tube or otherwise, but fixed in their places

by short ligaments : these may be rudiments of a stomach,

i (1165.) The difference of sex in these two forms, proceeding from the
"eggs of the same individual, is plainly evidenced by the fact, not only
of the difference of structure, and the presence of active spermatozoa in

the male, but by the observed fact of the intromission of the male organ
into the vaginal canal of the female. That the male animal is produced
by the female, and developed within the ovisac in the same manner as

the female embryo, is also proved by many observations. The absence
of all organs for the sustentation of life by food leads to the belief that

» Vide Ann. of Nat. Hist, for Sept. 1848.
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it is created for a single purpose, and that its term of existence is very
short. In this respect it somewhat resembles the drone, or male bee,

whoso utility seems to bo confined to the impregnation of the perfect

female or queen.

(1166.) That a single impregnation is sufficient for the production of

many young is proved by tlie female continuing to breed in water in

which no male can be discovered ; but young females so produced will

not go on to develope others unless a male be born amongst them.

CHAPTER XV.

CIREIPEDIA.

(1167.) Every visitor to the seashore has doubtless observed the

rocks and stones, the timbers of the jetties, or any objects that have

been long immersed in the sea, thickly incrusted with shells of remark-

able construction, usually known by the name of '^Acorn-shells" or
" Barnacles" On placing a stone or shell thus incrusted (taken fresh

from, the sea, so that the animals may be in full life and vigour) in a

glass of clear sea-water, and watching them attentively, the acorn- shells

upon its surface will be seen to open ; and presently a beautiful feather-

like apparatus wUl be protruded and again withdrawn. After a few

seconds this movement will be repeated, and again and again the

feathery structures will be put forth and retracted, with so much grace,

regularity, and precision that they present an appearance exquisitely

beautiful. These are the arms or Cirri of the contained animal.

"When fuUy expanded, it will be seen that their plumose and flexible

stems form a most wonderful prehensile apparatus, admirably adapted to

entangle any nutritious particles or minute living creatures that may
happen to be present in the circumscribed space over which this singular

casting-net is thrown, and drag them down into the vicinity of the

mouth, where, being seized by the jaws, they are crushed and appro-

priated as food. It is from these remarkably constructed limbs or

Cirri that the order derives its name.

(1168.) The CiRRiPEDiA present a strange combination of articulated

limbs with many of the external characters of a MoUusk. We select

a common form, Pentelasmis vitrea, as an example. The animal in

question (fig. 372) is enclosed in a shell resembhng in some respects that

of the common Mussel, but composed of five distinct pieces united to-

gether by a dense intervening membrane : of these, four pieces are

lateral, and disposed in pairs ; whUc a fifth, which is single, is interposed

between the posterior edges of the two valves, so as to unite them aloup



PENTELASMIS VITEEA. 487

the whole length of the back. Along the anterior margin the valves

are only partially connected by membrane ; so that a long fissure is left,

through which the ai'ticulated extremities may be protruded. In place

of the hinge that joins the two shells of the Mussel, we find the tough

coriaceous membrane that unites the diflferent shelly pieces of the integu-

ment of Pentelasmis prolonged into a cylindrical pedicle (fig. 375, I),

which is in some species many inches in length, and, being attached by

its extremity to any submarine body, fixes the animal permanently to

the same locality. The external layer of this pedicle is coriaceous, or

ahnost corneous, in its appearance, being evidently an epidermic struc-

ture ; but internally the tube is lined with a layer of strong muscular

fibres arranged longitudi-

naUy (fig. 375, m, n), which ^"s-

by their contraction are no

doubt able to bend the

flexible stem in any given

direction, and thus confer

upon the animal a limited

power of changing its po-

sition when necessary. On

removing one-half of the

sheUy covering (as in fig.

372, a a), we expose the

body of the Cirriped, and

discern the following par-

ticulars. The lower portion

of the body, which encloses

the principal viscera (6 b),

is soft and much dilated,

especially towards the dor-

sal region ; this part of the

animal is covered with a

delicate membrane, beneath

which is a layer of whitish

.
granular substance. The

mouth (g) is seen upon the

ventral aspect, situated im-

mediately at the inferior

extremity of that longitu-

dinal fissure in the mantle through which the arms are protruded : the
oral aperture appears to be raised upon a prominent tubercle, and, when
attentively examined, is found to be provided with a rudimentary ap-
paratus of jaws, presenting a distinct lip, furnished with minute palpi
and three pairs of mandibles, of which the two external are horny and
serrated, while the third remains permanently soft and membranous.

Pentelasmis vitrea : a a, the Bhelly valves ; b b, body
contained within the shells ; e, c, the cirri ; d d d, pre-
sumed branchial apparatus; e,f, muscular exijansions;
g, the mouth. (After Hunter.)
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Immediately behind the mouth, we find on each side certain pyramidal
fleshy appendages {d d d), resembling, as Hunter expressed it, a minute
Starfish, which no doubt constitute the branchial or respiratory organs
Commencing above the mouth, we further notice on each side six pairs
of articulated and flexible arms or cirri (fig. 372, cc), each being com-
posed of a senes of semicorneous pieces, and exhibiting at each joint
long and stiff hairs. Every pair of cirri arises from a single prominent
stem; and those most distant from the mouth being the longest and
most extensHe, the whole apparatus, consisting of twenty-four cirri,
forms, when protruded from the body, a kind of net of exquisite con-
trivance, in which passing particles of nourishment are easHy entangled,
and thus conveyed to the mouth. Lastly, on separating the cirriferous
pedicles, we find, terminating the body, and forming, as it were, a kind
of taU, a long, soft, and flexible organ (fig. 375, Tc), the extremity of
which IS perforated by a minute aperture ; but the real nature of tHs
instrument we shall examine by and by.

(1169.) On reviewing this general description of the external con-
struction of Pentelasmis, the reader cannot but be struck with the
singular combination of characters which it exhibits. Judging from its
sheU alone, its right to be considered a MoUusk would seem to be at
once demonstrable

;
for, in fact, most conchologists agree in claiming

these animals as belonging to their own department; and yet if, after
removing the sheU, we compare the animal with a Crustacean, its

alliance vrith that class is equally evident. Suppose the body (fig. 372,
h h) to represent the thoracic portion of a Crustacean slightly bent upon
itself*; the valves of the shell would represent the thorax, which
would be divided into five pieces ; the first pair of cirri arising from the
body would then represent the true feet of a Crustacean ; the branchi»
would occupy the same position in both ; the rest of the body of the
Barnacle, namely that which supports the five other pairs of feet, would
represent the tail of the Crustacean, and the natatory feet, generally
connected with that part of the external skeleton. Even the mouth,
with its triple series of jaws, is more nearly allied in structure to that
of the Crustaceans than to any thing we shall meet with in the structure
of the oral organs of true Mollusca.

(1170.) But the afiinity which unites the Cirripedia to the Homo-
gangliata is not merely exempKfied in the analogies that can be pointed
out between the external configuratioh of Pentelasmis and some Crus-
tacean forms ; the nervous system even, as we might be led to antici-

pate from the symmetrical arrangement of the articulated cirri, still

exhibits the Homogangliate condition, and, besides the supracesoi)ha-

geal masses, forms a longitudinal chain of double ganglia arranged

along the ventral surface of the body, from which the nerves sujiplying

* Cuvier, M6nioire but les Animaux des Anatifes et des Balance, et sur leur

Anatomie, ]). 6.
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Fig. 373.

the cirriforous arms take their origins. Four small tubercles (fig. 373) *,

placed transversely above the oesophagus, represent the brain, and give

origin to four principal nerves (/,/,/,/), which are distributed to the

muscles and viscera ; for in such a situation, organs of sense would

evidently be useless. Two lateral cords,

derived from the above, surround the

oesophagus, from each of which a nerve

(o o) is given off. Below the oesophagus

the nervous collar terminates in a pair

of ganglia (h), that give origin to the

nerves supplied to the first pair of arms
;

and then succeeds a parallel series of

double ganglia (i, Tc, I, m), exactly re-

sembling those of articulated animals,

from which emanate nerves that are de-

stined to the cirri and surrounding parts.

(1171.) The muscular system of Pen-

telasmis is partly appropriated to the

movements of the shell, and partly to the

general motions of the body. The shell is

closed by a single transverse fasciculus

of muscular fibres, whereof a section is

seen at e, fig. 372, placed immediately
p,„fe;„,„,i, exhibiting the ner-

beneath that fissure in the mantle through vous system: a a, the pedicle; b b, the

which the arms are protruded
;
it passes ^a^^aL;/J!'^s^rS nerves foo!n^^^^^

directly across from one valve to the "ollar surrounding the oesophagus ; h, i,

. . ^ . k,l,in, series of double ganglia supplying
other, and approximates them by its the articulated cirri. (After Cuvier.)

contraction.

(1172.) A large muscle, whose origin is seen in fig. 372, /, arises

from the interior of the mantle, and, as its fibres diverge, spreads over

the entire mass of the viscera ; this wiU evidently draw the body for-

ward and cause the protrusion of the tentacula ; while various muscular

slips derived from it axe destined to move the numerous arms, with their

jointed cirri and the fleshy tubular prolongation (fig. 375, Tc) already

noticed.

(1173.) The food devoured by the Cirripedia would seem to consist

of various minute animals, and microscopic organisms, caught in the

water around them by a mechanism at once simple and elegant. Any
one who watches the movements of a living Cirriped will perceive that

its arms, with their appended cirri, are in perpetual movement, being

alternately thrown out and retracted with great rapidity, and that, when
fully expanded, the plumose and flexible stems form an exquisitely

beautiful apparatus, admirably adapted to entangle any nutritious

molecules, or minute living creatures, that may happen to be present in

* Cuvier, loc, cit.
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the circumscribed space over which this singular casting-net is thrown
and drag them down into the vicinity of th. mouth, where, being seized
by the jaws, they are crushed and prepared for digestion. No sense
but that of touch is required for the success of this singular mode of
hshmg

;
and the delicacy with which the toutacula perceive the sliglitest

contact of a foreign body shows that they are eminently sensible to
tactile mpressions. As regards the digestive organs, we have already
described the prominent mouth (fig. 375, 6), with its horny palpiferous
lip and three pairs of lateral jaws. The oesophagus (c) is short, andfirmm Its texture; it receives the excretory duets of two salivary glands of
considerable size (fig. 373, d d), and soon terminates in a capacious
stomachal receptacle, the waUs of which are deeply sacc-alated and
surrounded by a mass of glandular caeca (fig. 375, d) that represent the
liver, and pour theii' secretion through numerous wide apertures into
the cavity of the stomach itself. The intestine (e /) is a simple tube
and runs along the dorsal aspect of the animal, wide at its commence-
ment, but graduaUy tapering towards its anal extremity ; it terminates
at the root of the tubular prolongation {h) by a narrow orifice, into
which a small bristle {g) has been inserted.

(1174.) Little is satisfactorily known relative to the arrangement of
the blood-vessels and the course of the circulation in these animals. Poll
imagined that he had discovered a contractile dorsal vessel, and intimated
that he had perceived its pulsations in the vicinity of the anal extremity
of the body

;
and although his observations upon this subject have not

been confirmed by subsequent investigations, analogy would lead us to
anticipate the existence of the heart in the position indicated by the in-
defatigable Neapolitan zootomist. The lateral appendages (fig. 372, dd d)
are most probably proper branchial organs, but, perhaps, not exclusively
the instruments of respiration, since the numerous cirri no doubt co-
operate in exposing the blood to the action of the surrounding medium,
a function to which they are well adapted by their structure and in-
cessant movements

; especially as each cirrus is seen under the micro-
scope to be traversed throughout its whole length by two large vascular
trunks, one apparently arterial, and the other of a venous character.

(1175.) Judging from the peculiar conditions under which the Cir-
rhopods exist, it would only be natural to suppose that to creatures so

circumstanced the possession of the organs of the higher senses would
be a useless encumbrance, seeing that they are apparently quite incapable
of holding communication with the external world

; nevertheless, from
the recent discoveries of Professor'Leidy* and of Mr. Darwinf, they arc

found to be by no means destitute in this respect. In Lepas fasdculark
Mr. Darwin detected two nervous filaments, derived immediately from
the front of the two supraoesophageal ganglia, which were found to

* Proceedings of the Acadoinj of Natural Sciences of Piiiliidelpljia, Jan. 1848.
t Monograph on the Subclass Cirripedia, by Charlcc Darwin, F.E.S., 1841.
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Fig. 374.

terminate in two smaU, perfectly distinct, oval masses. From the oppo-

site ends of these two ganglia, smaller nerves are derived, which,

bending inwards at right angles, communicate with an ocular apparatus,

which, although apparently consisting of a single mass, is, in reality,

composed of two eyes united together ;
or, in other words, although m

outhne the eye appears single, two lenses can be distinctly seen at the

end, as well as two pigment-capsules, which are deep and cup-shaped,

and' of a dark reddish-purple hue. This double eye, in all the genera

examined, is seated deep within the

body : it is attached by fibrous tissue to

the radiating muscles of the lowest part

of the oesophagus, and lies actually on

the upper part of the stomach ;
conse-

quently a ray of light to reach the eye

has to pass through the exterior mem-

brane and imderlying corium and to

penetrate deeply into the body. In

living sessile Cirripeds, Mr. Darwin

observes, vision seems to be confined to

the perception of the shadow of an

object passing between them and the

light; they instantly perceive a hand

passed quickly at the distance of several

feet between a candle and the vessel in

which they may be placed.

(1176.) In the outer maxillEe, at

their bases, where they are united

together, but above the basal fold sepa-

rating the mouth from the body, there

are, in all the LepadidsD, a pair of ori-

fices, sometimes seated on a slight

prominence, or else on the summit of

flattened tubes projecting upwards and

towards each other. Each of these

orifices leads into a deep sac lined by

pulpy corium, and closed at the bottom,

over which a nerve of considerable size

is distributed. That this closed sac is an organ of sense, of some kind

or other, there can be little doubt; and, judging from its position,

Mr. Darwin is induced to consider that the two constitute an olfactory

apparatus.

(1177.) At a little distance beneath the basal articulation of the first

cirrus, on each side, there may be seen a slight swelling, and on the
underside of this a transverse slit-like orifice (fig. 374, e),. one-twentieth
of an inch in length, in Conchodcrma, but often only half that size :

structure of Conchoderma: a, ex-

ternal layer of integument ; a a, in-

ternal layer; h b, ova, forming a layer

around the body; o, ovipositor; d,

mouth; e, presumed organ of hearing;

f, aperture communicating with the

interior of the pedicle; g h, pedicle.

(After Darwin.)
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this 18 regarded by Mr. Darwin as the organ of hearing. The external
orifice leads into a deep and rather wide meatus, which, enlarging up-
wards, IS Hned by a thick pulpy corium, and is closed at the upper end •

from Its summit is suspended a flattened sac, variously shaped in dif-
ferent genera. In aU cases the sac is empty, or contains only a little
pulpy matter; it consists of brownish, thick, and remarkably elastic
tissue, formed apparently of transverse little piUars, becoming fibrous
on the outside, and with their inner ends appearing like hyaHne points.
The mouth of the acoustic sac is closed by a tender diaphragm, through
which Mr. Darwin thinks he saw a moderate-sized nerve enter ; and as
the first pair of cirri seem, to a certain extent, to perform the office of
antennae, therefore the position of an acoustic organ at their bases is

analogous to what exists in Crustacea ; but there are not here any
otoliths, or the siliceous particles and hairs, as described by Dr. Parre
in that class (§ 1048). Nevertheless the sac is so highly elastic, and
its suspension in a meatus freely open to the water seems so weU adapted
for an acoustic organ, that Mr. Darwin considers such to be its function.

(1178.) With respect to

the organization of the re- ^'ig- 375.

productive system in these

creatures, the most discordant

opinions are expressed by
different writers, no two
authors agreeing either con-

cerning the names or offices

which ought to be assigned

to different parts of the gene-

rative apparatus. It must
therefore be our endeavour,

in considering this part of

their economy, to separate

as far as practicable all

conjecture and hypothetical

reasoning from the simple

facts which anatomy has

placed at our disposal, and

leave disputed questions to

be solved by careful experi-

ment and research. Accord-

ing to the dissection of John
Hunter, the internal genera-

tive apparatus is double, occu-

pying both sides of the ali-

mentary canal. Covering the

stomach (fig. 375, d), there is found a vascular substance, which the

Anatomy of Penielasmis vitrea : a, citernal en-
velope of the body ; b, the mouth

; c, the oesophagus

;

rf, the stomach; ef, tract of the intestine; g, bristle

inserted into the anal orifice ; h, the oviduct. (After
Hunter.)
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above-named mustrious anatomist regarded as probably constituting

the tubular parts of the testicle, from which a tortuous canal with very

thick walls (vas deferens) runs upwards along the side of the intestine

to the root of the fleshy prolongation (k), at which point it is joined by

the corresponding tube from the opposite side of the body. The com-

mon canal thus formed is extremely slender, and passes in a flexuous

manner through the whole length of the tubular organ {Tc), named by

Hunter, apparently for the sake of brevity, the penis, to terminate by

a minute orifiqe at its extremity. Yet, notwithstanding the name ap-

pUed to the termination of the sexual canals. Hunter was well convinced

that the Cirripeds were hermaphrodites,—as he expressly says*, " It is

most probable that aU Barnacles are of both sexes and self-impreg-

nators ; for I could never find two kinds of parts, so as to be able to say,

or even suppose, the one was a female, the other male."

(1179.) Cuvier found the vascular mass, considered by Hunter to

he the tubular portion of the testis, to be composed of granules,

which he deemed to be ova ; and conceived the delicate white vessel

seen to ramify through the ovarian mass, as represented in the figure,

to be the oviduct, whereby the eggs were taken up and conveyed into

the thick and glandular canal (A), from the walls of which he imagined

that a fecundating liquor might be secreted for the impregnation of the

ova in transitu. He therefore regarded the proboscidiform tube {Jc) as

an ovipositor, whereby the ova derived from both sides of the body are

expelled. Before scattering them abroad, as Cuvier noticed, the animal

retains them for a considerable length of time concealed between the

body and the mantle, where they form two or three irregularly shaped

layers. When the eggs are found in this situation, he observed that

the ovaria were empty and the testicles much less tumid—circumstances

which indicate the season of oviposition to be at an end.

(1180.) In opposition to the views entertained by Cuvier concerning

the generative process in the class before us, various Continental writers

consider the true ovary to be contained in the cavity of the tubular

fleshy pedicle which, in Pentelasmis, serves to fix the body to the sub-

stance whereunto it is attached. This, indeed, at certain periods, is

found to be filled with oval granular bodies of regular shape, which are

apparently real ova, diffused through the loose cellulosity enclosed

within it ; and these ova, being found in different states of maturity,

are apparently secreted in the pedicle itself,—although some authors

contend that, having been formed and impregnated in the manner

indicated by Cuvier, they are conveyed into this situation by the ovi-

positor, as upon this assumption the prolonged organ (fig. 375, Ic) would

be named. Other anatomists, again, regard the instrument last men-

tioned as being a real penis, and suggest that from its length it might

* Descriptive and Illustrated Catalogue of the Physical Series of Comparative

Anatomy in the Museum of the Eoyal College of Surgeons of England, vol. i. p. 259.
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even bo introduced into the peduncular cavity itself, and thus efFoct the
impregnation of the ova contained therein.

(1181.) It is to Mr. Darwin that science is indebted for a knowledge
of the fact that in at least two genera of the Lepadidee distinct male and
female individuals exist—and for the far more wonderful discovery that
in the same genera there exist hermaphrodite species, whose masculine
efficiency is aided by one or two complemental males. In the genus
Ma for example, in one species, J. Oumingii, the egg-bearing individual
is simply female, presenting no ^race either of the external proboscidi-
form penis, or of the vesiculse seminales, or of the testes

; while, on the
other hand, the ovarian tubes within the pedicle are developed in the
usual manner, as are hkewise the true ovaria at the upper edge of the
stomach. But although there thus was a total deficiency of the usual
male portion of the sexual apparatus, Mr. Darwin found attached within
the sac, in a nearly central position (fig. 376, 7i), a flattened, purplish,

worm-like little animal, which, notwithstanding its different appearance,
turned out upon dissection to be, in reality, the male Cirriped belonging

to this species, although totally dissimilar in its external configuration.

(1182.) The dimensions and proportions of the male animal vary
much ; but it is always exceedingly minute, the longest specimen mea-
suring not more than of an inch in length. The main part of the

body consists of the peduncle, which tapers more or less suddenly to-

wards its extremity, which latter is imbedded deeply in the integuments

of the female, passing obliquely through the chitine-membrane and
cerium, and, running along amidst the underlying muscles and inoscu-

lating fibrous tissue, is attached to them by cement at the extremity.

(1183.) "Within the muscular layer aU round the upper part of the

peduncle, and surrounding the stomach, the body of this minute crea-

ture contains numerous Httle, rather irregular, globular balls with

brown granular centres, so closely resembling the testes in other Cirri-

peds as to leave little doubt that they are of the same nature. The
vasa deferentia are plainly visible, occupying their normal situation ; and
the presence of spermatozoa is indisputable. The vasa deferentia unite

and terminate under the two extremely minute caudal appendages : but

there is no projecting proboscidiform penis ; and in this case apparently

the whole body, furnished like the penis with longitudinal and trans-

verse muscles, serves the same purpose

!

(1184.) Another species belonging to the same genus, Ihla quadri-

valvis, furnishes an example of an hermaphrodite Cirriped, which might

be supposed to be in itself sufficient for reproduction, provided with a

complemental male,—an arrangement still more wonderful than that just

described as existing in J. Cumingii. In the androgjiious individual

there is a penis, singularly constructed of several distinct segments, as

well as the vasa deferentia and testes, which latter are unusually large

and egg-shaped, while the ovigerous system is likewise completely
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Fig. 376.

developed; nevertheless in dve out of six specimens dissected by Mr.

Darwin males were present, in every respect similar in their structure

to those of /. Cumingii described above, and of some of which he was

enabled to trace the preparatory metamorphoses, common to the class,

from their larval condition to the adult state.

(1185.) In this same hermaphrodite specimen of Ibla quadrivalvis,

the two ovigerous lamellga contained

some hundreds of larvae in the first stage

of development, which were liberated

from their enveloping membranes by a

touch of a needle. They were about

^11^ of an inch in length, and presented

aU the usual characters of larvce at this

period. "What a truly wonderful assem-

blage of beings of the same species, ex-

claims the distinguished naturalist to

whom we are indebted for these re-

searches, did this individual hermaphro-

dite j)resent ! "We have the numerous,

almost globular larvae, with lateral

horns to their carapaces, with their

three pairs of legs, single eye, probosci-

diform mouth, and long taU.: we have

the somewhat larger larvae, in the last

stage of their development, much com-

pressed, boat-formed, with their two great compound eyes, curious pre-

hensile antennae, closed rudimentary mouth, and six natatory legs, so

ditferent from those of the first stage : we have the attached males, with

their bodies reduced almost to a mouth, placed on the summit of a

peduncle, with a minute, apparently single eye shining through the

integuments, without any carapace or capitulum, and with the thorax,

as well as the legs or cirri, rudimentary and functionless : lastly, we
have the hermaphrodite with all its compKcated organization, its thorax

supporting six pairs of multiarticulated two-armed cirri, and its well-

developed capitulum, furnished with horny valves, surrounding this

wonderful assemblage of beings. Unquestionably, without a rigid

examination, these four forms would have been ranked in ditferent

families, if not orders, of the Articulated kingdom.

(1186.) The observations of Mr. Thompson* relative to the progress

of the ova after their escape from the pedicle throw much additional

light upon this portion of our subject. " In the whole tribe of Cirripeds,"

says this industrious naturalist, " the ova, after their expulsion from
the ovarium, appear to bo conveyed by the ovipositor into the celhilar

texture of the pedicle, just beneath the body of the animal, which they

* Phil. Trans, for 1835, p. 35G.

Ibla Cumingii, showing the supple-

mental male : a b c d ef g i, body of

the female Ibla ; li, supplemental male.

(After Darwin.)
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fill to the distance of about an inch. When first placed in this position,

they seem to be amorphous, and inseparable from the pulpy substance
in which they are imbedded ; but as they approach to maturity they
become of an oval shape, pointed at both ends, and are easily detached.
Sir Everard Home has given a very good representation of them at this

stage of their progress in his ' Lectures on Comparative Anatomy,' from
the elegant pencil of Mr. Bauer.

(1187.) " During the stay of the ova in the pedicle, they render this

part more opaque and of a bluish tint—the ova themselves, and the

cellular texture in which they are surrounded, being of a pale or azure-

blue colour. It is difiicult to conceive in what manner the ova are ex-
tricated from the situation above indicated ; but it is certainly not by
the means suggested by Sir E. Home in the above-mentioned lecture,

viz. by piercing outwards through the membranes of the pedicle ; for

the ova are subsequently found forming a pair of leaf-like expansions,

placed between either side of the body of the animal and the lining

membrane of the shells (fig. 374, b, h). These leaves have each a se-

parate attachment at the sides to the septum which divides the cavity

occupied by the animal from that of the pedicle : they are at first com-
paratively small, having a roimded outline, and possess the same bluish

colour which the ova had in the pedicle ; but as the ova advance in

progress, these leaves extend in every dimension, and lap over each

other on the back, passing through various lighter shades of colour

into pale pink, and finally, when ready to hatch, become nearly white.

These leaves appear to be composed of a layer of ova, irregularly placed,

and imbedded in a kind of parenchymatous texture, out of which they

readily fall, when about to hatch, on its substance being torn asunder

;

indeed it appears at length to become so tender as to fall entirely away,

so that, after the period of gestation is passed, no vestige of these leafy

conceptacles is to be found."

(1188.) In the second form of Cieripedia (Balani), the animals,

instead of being appended to foreign substances by elastic and flexible

pedicles, are sessile—the shelly investment of the body being in imme-

diate contact with the rock or other submarine body to which the

Barnacle adheres. The soft tube of Fentelasmis is, in this case, repre-

sented by a strong testaceous cone composed of various pieces accurately

joined together, and generally closed inferiorly by a calcareous plate

;

while the representatives of the valves of the pedunculated species form

a singular operculum, which is moved by special muscles, and accurately

shuts the entrance of the shell when the animal retires into its abode.

In their general structure, however, the Balaniform Cirripeds accord

with the description above given; and, from the similarity of their

habits and economy, a more elaborate account of the peculiarities which

they exhibit would be superfluous in this place.

(1189.) One of the most remarkable circumstances connected with
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the history of the Cikripedia. is the recently discovered fact of their

undergoing a distinct metamorphosis ; so that, in the earliest periods of

their existence, instead of being rooted by means of a pedicle or other-

wise, the newly hatched young are endowed with locomotive organs

calculated to enable them to swim freely about, and giving them rather

the appearance of Entomostracous Crustacea than of animals of their own
class. This singular fact was first announced by Mr. J. V. Thompson,

of Cork*; and its correctness has since been admitted by various anato-

mists who have devoted their attention to the subject. Mr. Thompson's

first observations were made upon specimens in the second stage of

development, which tiirned out to be the yoiing fry of Bcdanus pusillus

;

and the following is that gentleman's account of their appearance and

subsequent change. The young Cirriped is a small translucent crea-

ture, of an inch long, of a somewhat elliptic form, but very slightly

compressed laterally, and of a brownish tint. When in a state of

repose, it resembles a very minute mussel, and lies upon one of its

sides at the bottom of the vessel of sea-water in which it is placed

;

at this time all the members are withdrawn within the shell, which

appears to be composed of two valves, united by a hinge along the

upper part of the back, and capable of opening from one end to the

other along the front, to give occasional exit to the limbs. The limbs

are of two descriptions, viz. :—anteriorly a large and very strong pair

provided with a cup-like sucker and hooks, serving solely to attach the

animal to rocks, stones, &c.; and posteriorly six pairs of natatory

members, so articulated as to act in concert, and to give a very forcible

stroke to the water, causing the animal, when swimming, to advance

by a succession of bounds, after the same manner as the Water-
flea {BapTinia) and other Monoculi, but particularly Cyclops, whose
swimming-feet are extremely analogous. The tail, which is usually

bent up under the beUy, is short, composed of two joints, and terminates

in four setae, forming an instrument of progression. The animal, more-

over, is famished with large pedunculated eyes. After keeping several

of the above for some days in sea-water, they threw off their exuvise,

and, becoming firmly adherent to the bottom of the vessel, were changed
into young Barnacles ; and the peculiarly constructed shells, with their

opercula, were soon distinctly formed, while the movements of the cirri,

although as yet imperfect, were visible. As the shell becomes more
complete, the eyes gradually disappear, the arms become perfectly

ciliated, and an animal originally natatory and locomotive, and provided

with a distinct organ of sight, becomes permanently and immoveably
fixed, and its optic apparatus obliterated.

(1190.) Similar results were obtained by watching the development
of the pedunculated type of Cirripedsf {Lepades), many of which were

* Zoological Researches, 4th Memoir, 1830.

t Phil. Trans, for 1835, p. 355.
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proved in tlieir earliest form to resemble different kinds of Monoculi,

and to be possessed of tlie capability of locomotion.

(1191.) The manner in which creatures thus constituted are converted

into the fixed and pedunculated Cirriped is one of the most remarkable

features connected with the history of the class. The larva in its last

stage has much the appearance of one of the Eutomostracous Crusta-

ceans ;
and, as is the ease in several genera belonging to that order, the

part of the head bearing the antennae and organs of sense in front of the

mouth equals or even exceeds in size the posterior part of the body,

consisting of the enclosed thorax and abdomen. On the borders of the

carapax at the anterior end, on the sternal surface, there are two minute

orifices, sometimes having a distinct border round them, within which

are contained minute sacculi, regarded as acoustic organs ;
and, moreover,

large compound eyes, each consisting of eight or ten lenses, are situated

near the bases of the antennae.

(1192.) But the antennae themselves principally claim our notice,

inasmuch as it is by means of these strange organs that the creature

ultimately attaches itself when about to assume its complete or fixed

condition. They consist of three segments. The first, or basal one, is

much larger than the others *, and apparently always has a single spine

on its outer distal margin. The second segment consists either of a

large, thin, circular sucking-disk, or is hoof-like ; in all cases it is fur-

nished with spines on the exterior hinder margin. The third and ulti-

mate segment is small ; it is articulated on the upper surface of the disk,

and is directed rectangularly outward ; it is sometimes notched, and

even shows traces of being bifid, and bears about seven spines at the

end, some of which are hooked, others simple. The antennae, at first,

are well furnished with muscles, and serve for the purpose of walking,

one limb being stretched out before the other ; but their main function

is to attach the larva, for its final metamorphosis into a Cirriped, by

means of the appended disk, which can adhere even to so smooth a

surface as a glass tumbler f. The attachment is at first manifestly vo-

luntary, but soon becomes involuntary and permanent, being effected by

special and most remarkable means.

(1193.) Tn each of the antennae there is situated a duct, derived from

a large glandular body (the cement-gland) : the termination of this duct

is situated in the immediate vicinity of the adhesive disk, by the assist-

ance of which the little animal is about to fix itself permanently to some

foreign body and assume the Cirriped condition.

(1194.) Several times Mr. Darwin succeeded in dissecting off" the in-

teguments of the lately attached larva, and in displaying the enclosed

Lepas entire, of which, in this condition, he gives the following ac-

count : "Whilst the young Lepas is closely packed within the larva, the

* Darwin, loc. cit.

I Rov. R. L. King, Annual Report of the R. Inst, of Cornwall, 1848.
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capitulum (or shell-clad portion of tlie body), as known by the five

valves, about equals in length the peduncle. The peduncle occupies the

anterior half of the larva ; and even at this early period the muscles of

its inner tunic are quite distinct. The compound eyes, as we have already

seen, are attached to the sternal surface of the
Fig. 377.larval carapax, and are consequently cast off with

it; but the antennae, which are not moulted with

the carapax, are left cemented to the surface of

attachment, their muscles are converted into

sinewy fibres, the corium after a short time is

absorbed, and they are then preserved in a func-

tionless condition. If, indeed, the peduncle even

of an adult Cirriped be very carefully removed

from the surface of attachment, quite close to

the end, but not at the actual apex, the larval

prehensile antennse can always be found, and

the cement-ducts traced, running in a slightly

sinuous course on each side vnthin the peduncle,

until they arrive at the glandular organs whence
the cement is furnished. Each gland contains a

strongly coherent, pulpy, opaque cellular mass,

like that in the cement-ducts ; and it is this

peculiar substance that constitutes the bond
of union between the Cirriped and the surface

whereupon it becomes fibsed. Having thus at-

tached itself to some foreign object by means of its remarkable cement-
ing apparatus, what was the anterior part of the body is converted into
the flexible pedicle in the pedunculated species, or in the sessile forms
becomes immoveably fixed to the supporting surface.

Cement-ducts of Scalpellum,

magnified.

CHAPTER XVI.

HETEEOaANGLIATA* (Owen).

MoLLuscA (Cuvier).

(1195.) The term Mollusca, employed by Cuvier to designate the
fifth grand division of the animal world, is obviously derived from a
very unimportant circumstance of their organization, which the tribes
included in it possess in common with innumerable forms of very
dissimilar beings, whose soft bodies are unsupported by any internal
or tegumentary framework of sufficient density to merit the name of

* erepos, di8.simi]ar
; yayyXiof, a ganglion.

2k 2
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a skeleton. Subsequent anatomists have therefore, however unwil-

lingly, been compellod to substitute another name for that given

by the illustrious French zoologist to this extensive class, the bounda-

ries and relations of which, as at present admitted, remain pretty much
as they were first established by his patient and unwearied investigations

relative to the anatomical structure of the animals comprised within its

limits.

(1196.) It is to the arrangement of the nervous system that we must

again have recourse in order to discover a distinctive appellation ; nor

in this shall we be disappointed ; for here we at once find a character

peculiar to this great section of animated nature, and generally appH-

cable to the various classes composing it. All the MoUusca present

nervous ganglia, which, in the more highly organized forms, attain con-

siderable development and consequent perfection; but these nervous

centres, instead of being arranged in a longitudinal series of symme-

trical pairs, are variously distributed in different parts of the body

—

an arrangement exactly correspondent to the want of symmetry ob-

servable both in the external configuration of these creatures and in

the anatomical disposition of their internal viscera. Still, however, one

large ganglionic mass occupies a position above the oesophagus ; and it

is with this that the nerves of the existing senses invariably communi-

cate ; so that we are naturally induced to regard this as the sentient

brain, corresponding to the supraoesophageal ganglion of the Akti-

crLATA both in position and office. The other ganglia vary considerably

both in number and in situation ; but, wherever placed, they all com-

municate with the supraoesophageal mass, while the branches derived

from them are distributed to the viscera, or to the locomotive organs.

(1197.) Various are the forms and widely different the relative per-

fection of the MoUusca, as regards their endowments and capabilities.

Some, as the Poltzoa, fixed to the surface of foreign bodies, either

immoveably or by the intervention of a flexible pedicle, entirely deprived

of organs connected with the higher senses, and unable to change their

position, are content to cast out at intervals their cUiated arms, which

form a net of Nature's own contrivance, and thus entrap such passing

prey as suits their appetite. Others, equally incapable of locomotion,

but furnished with arms of different construction (Bkachiopoda), catch

their food by similar efforts. The Tttnicata, enclosed in coriaceous

bags, are firmly rooted to the rocks; or, aggregated into singular com-

pound masses, float at the mercy of the waves. The Conchifera inhabit

bivalve shells ; while the Gasteropod orders, likewise defended in most

cases by a shelly covering, creep upon a broad and fleshy ventral disk,

and, thus endowed with a locomotive apparatus, exhibit senses of pro-

portionate perfection. The Pteropoda swim in myriads through the

sea, supported on two fleshy fins ; while the Cephalopod Mollusca, the

most active and highly organized of this large and important division of
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animated natvu-e, furnished with both eyes and ears, and armed with

formidable means of destroying prey, become tyrants of the deep, and

gradually conduct us to the most exalted type of animal existence.

(1198.) These different sections, which constitute, in fa,ct, so many

distinct classes into which the HETEEOGANOLrATA have been divided by

zoologists, we shall now proceed to examine seriatim—beginning, as

heretofore, with the most imperfectly organized, and gradually tracing

the development of superior attributes and more exalted faculties as the

nei'vous centres attain greater magnitude and concentration.

CHAPTER XVII.

POLYZOA ^ (Thompson).

Bryozoa t (Ehi-enberg). Ciliobrachiate Polypi (Farre).

(1199.) It is only within the last few years that microscopical

researches have revealed to naturalists the real structure of a series of

animals originally confounded with the simpler polyps, with which, as

far as external form is concerned, they are indeed intimately related.

The observations of Milne-Edwards Audouin, Ehrenberg§, and
Thompson

||
gradually led the way to more correct and precise ideas

concerning the more highly organized genera ; while Dr. Arthur Farre 5[

and Van Beneden, by a series of investigations followed up with exem-
plary industry and perseverance, seem to have completed our knowledge
of the anatomical details of these creatures in a manner which leaves

few points of their economy unknown.

(1200.) We shall select an individual, named by Dr. Farre Bower-
hanhia densa, as an illustration of the general structure of the Poltzoa,
partly from the complete manner in which its organization has been
developed in the memoir aUuded to, and partly because we have had
frequent opportunities of verifying the accuracy of the observations
recorded.

(1201.) The tentacula of Bowerhanhia (fig. 378) during the expanded
state of the animal are kept quite straight and motionless, as repre-
sented in the drawing. Each tentacle is provided upon its outer aspect
with a series of stiff and immoveable spines, probably serving to keep

* TToXw, many; ^wor, animal.

t ^puoi', sea-moss
; ^uiov, an animal.

X Ann. des Sci. Nat. for Sept. 1828 and July 1836.
§ Symbolic Physictc.

II
Zoological Researches and Illustrations, Memoir 5. Cork 1830

*\ Phil. Trans., Part 2. for 1837.
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off any foreign bodies that by their proximity might interfere with the

movements immediately to be described.

(1202.) Besidea the stiff spines, the tentacula are covered with an

immense number of vibra-

ting cilia, which, at the Fig. 378.

will of the animal, are

thrown into most rapid

movement, so as to produce

strong and coiitinuous cur-

rents in the surrounding

fluid, whereby particles

floating in the neighbour-

hood are hurried alongwith

great velocity. From the

direction of the streams

produced by the cilia,

namelytowards the mouthy

we at once perceive the

utility and beauty of the

contrivance, compensating

to a great extent for the

fixed condition of the Poly-

zoon : animalcules floating

in the vicinity no sooner

come within the influence

of the currents so produced

than they are forced to-

wards the mouth, situated

in the centre of the ten-

tacular zone, and, being at

once seized, are imme-

diately swallowed.

(1203.) The tentacula themselves, notwithstanding their immobility

during the process of watching for prey, are highly irritable, and sen-

sible of the slightest contact. IS^o sooner does an animalcule impinge

upon any part of their surface than the tentacle touched bends with

extraordinary quickness, as if endeavouring to strike it towards the

mouth ; and if the object be sufficiently large to touch several at the

same moment, aU the tentacula simultaneously cooperate in seizing and

retaining it.

(1204.) The existence of these cilia upon the tentacula would seem

to bo characteristic of the Polyzoa, and is invariably accompanied, as

far as our information extends at present, with a digestive apparatus of

far more complex structure than what we have seen in the unciliat<:>d

polyps ; for in the class before us, besides the stomach, there is a distmct

Anatomy of Sowerbankia densa (after Farre). a. The

animal with its tentacula expanded:—!, pharynx;

2, oeaophagua; 3, the gizzard; 4, the stomach; 5, the

pylorus ; 6, the intestine ; 7, the anal aperture, b re-

presents the Bryozoon retracted into its cell :—1, 2, 3,

muscular fasciculi, c. An imperfect gemma before the

opening of the cell :—1, stomachal cavity, d. A gemma

sprouting from the common stem.
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intestinal tube and anal outlet. In the specimen under consideration

the organization of the alimentary organs is rendered even more ela-

borate than is usual in the class, by the addition of a gizzard or cavity

whereia the food is mechanically bruised before its introduction into the

proper stomach. The mouth is placed in the

centre of the space enclosed by the tentacula :

it appears to be a simple orifice, incapable of

much distention, through which the particles

of food brought by the ciliary action pass into

a capacious oesophagus (fig. 378, a, i, 2) ;
this,

gradually contracting its dimensions, ends in a

globular muscular organ, to which the name

of gizzard has been applied (3). The walls of

this viscus are composed of fibres that radiate

from two dark points, seen in the figure ; and

its lining membrane is covered with a great

number of hard horny teeth, so disposed as to

represent, under the microscope, a tessellated

pavement. The contractions of the gizzard

are vigorous ; and, from the structure of its

interior, its office cannot be doubtful.

(1205.) To the gizzard succeeds a stomach

(fig. 378, a, 4), which is studded with brown
specks, apparently of a glandular nature, and

probably representing a biliary apparatus.

The intestine leaves the stomach at its upper

portion, close to the gizzard (5), and, running

parallel with the oesophagus towards the ten-

tacula (e), terminates at the side of the mouth (7), in such a position

that excrementitious matter is at once whirled away by the ciliary

currents. The whole intestinal apparatus floats freely in a visceral

cavity that contains a transparent fluid and encloses distinct muscular
fasciculi, to be described in another place.

The process of digestion in this minute yet highly organized being is

well described by Dr. Parre in the memoir above-mentioned.

(1206.) The little animal, when in vigour, is seen projecting fi-om

its cell, with the arms extended and the cilia in full operation,—the
upper part of the body being frequently turned from side to side over
the edge of the ceU, the extremity of which, from its peculiar flexibility,

moves along with it. The particles carried to the mouth in the vortex
produced by the action of the cilia, after remaining a little while in the
pharj-nx, are swallowed by a vigorous contraction of its parietes, and
carried rapidly down the oesophagus and through the cardia to the giz-
zard, that expands to receive them. Here they are submitted to a sort
of crushing operation, the parietes of the organ contracting firmly upon

Polyzoonite of Ralodacfylus
completely protruded, showing
the course of the ciliary cur-

rents, the arrangement of the
alimentary canal, and the con-
tractile membrane connecting
the neck of the polype-liie ani-

mal with the margin of its cell.
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them, and the two dark bodies being brought into opposition. Their

residence, however, in this cavity is only momentary, and they are

immediately propelled into the true stomach below, where they become

mixed up with its contents, which, duiing digestion, are always of a

dark, rich brown colour, being tinged with the secretion of its parietal

follicles.

(1207.) The food appears to be retained for a considerable time in

the stomach, and may be frequently seen to be regurgitated into the

,

gizzard, whence, after having been again submitted to its operations, it

is returned to the stomach. Here it is rolled about by the contraction

of its parietes, and at its upper part is frequently submitted to a rotating

motion. This rotation of particles is chiefly near the pyloric orifice

;

and a mass may be occasionally seen projecting through the pylorus

into the intestine, and rotating rapidly in the direction of the axis of

the orifice. In an animal having a similar form of pylorus to this, but

in which the parts were more transparent, the cilia, by which this

rotation is effected, were distinctly perceptible, surrounding the orifice.

(1208.) The granular matter, after rotating for some time at the

pylorus (a provision for preventing its too rapid escape from the

stomach), passes into the intestine, where it accumulates in little pel-

lets, that are rapidly pushed, by the contraction of the intestine, towards

the anal orifice, through which they are expelled from the body.

(1209.) The tube or cell inhabited by this Polyzoon is of exquisite

structure, and the mechanism concerned in the protrusion and retraction

of the animal of great simplicity and beauty.

(1210.) The inferior two-thirds of the cell in the species imder con-

sideration is hard and corneous, but perfectly transparent ; the upper

third, on the contrary, is flexible, and so constructed as to form a very

complete operculum whereby the entrance is guarded. The flexible

part consists of two portions, the lower half being a simple continuation

of the rest of the cell, while the upper is composed of a circle of delicate

bristle-shaped processes or setae, which are arranged parallel to each

other around the mouth of the cell, and are prevented from separating

beyond a certain distance by a membrane of excessive tenuity that

connects them ; this membrane is evidently analogous to the infundi-

bular termination of the cells of polyps, already described.

(1211.) When the Polyzoonite retires into its abode, the setae and soft

termination of the cell are gradually folded inwards, in the manner

exhibited in the annexed figures (fig. 380) representing the various

stages of the process. The oesophagus, surmounted by its tentacala,

descends first, whilst the integument of the upper part of the body

begins to be inverted at the point where it has its insertion around the

base of the tentacles (c). As the descent of the tcntacula proceeds, the

inversion of this membrane continues ; and when the extremities of the

arms have reached the level of the extremities of the seta), it is seen to
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form a complete sheath around them. The animal being thus retracted,

the next part of the process is to draw-in the upper portion of the cell

after it. The setae are now brought together in a bundle (fig. 380, 3, a)

and are gradually drawn inwards, inverting around them the rest of the

flexible portion of the cell, until they form a close fasciculiTS (fig. 380,

Soweriankia, showing the opercular apparatus and the different positions of the setas during the

retirement of the Polyzoonite : a, setse surrounding the mouth of the cell ; 6, marginal membrane
connecting the edge of the cell with the base of the tentacula, c ; d, retractor muscles.

3 & 4, a) occupying the axis of the opening of the tube, constituting a

complete protection against intrusion from without.

(1212.) The muscular system exhibits the earliest appearance of

muscular fibre. The filaments are unconnected by cellular tissue, and

have a watery transparency and smooth surface ; neither do they exhibit

cross markings, or a linear arrangement of globules, even when examined

under the highest powers of the microscope.

(1213.) The muscles may be divided into two sets:—one for the

retraction of the alimentary apparatus ; the other acting upon the setae

around the mouth of the cell, and serving for the inversion of its

flexible portion. The bundles of muscular fibre which act upon the

alimentary canal are two in number, and arise from near the bottom

of the ceU: one of these is inserted into the stomach (fig. 378, a, s)
;

the other passes upwards along the side of the oesophagus (fig. 378, a, 9),

to be attached in the vicinity of the tentacula : the latter fasciculus is

evidently the great agent in drawing the animal into its retreat, and in

doing so it throws the alimentary canal into close sigmoid folds.

(1214.) The muscles that close the operculum are arranged in six

distinct fasciculi
;
they arise from the inner surface of the upper hard

part of the cell, and act upon the upper flexible portion of the tube and
upon the setse (fig. 380, d).

(1215.) The mode in which the protrusion of the tentacula is effected

is not so easily explained ; it would seem that the lining membrane of
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the sliell is funiishod with circular muscular fibres, so disposed as by
their action to compress the fluid contained in the visceral cavity, and

thus tending to elongate the body. Dr. Earre, however, believes the ali-

mentary canal itself to be the great agent in effecting this object ; and

he conceives it to possess a power of straightening itself from the

flexures into which it is thrown during the retracted state of the animal.

(1216.) The PLtrsTEiE and EscnARiE are intimately alKed to Bower-

bankia in all the details of their structure, as we are assured by the re-

searches of Dr. Milne-Edwards concerning these singularly aggregated

forms of marine Polyzoa*.

(1217.) The cells of the Flustrce and Escharce are disposed side by

side upon the same plane, so as to form a common skeleton of a cori-

aceous or horny texture. The individual cells, which are extremely

minute, vary in shape in different species ; and the orifice of each is

generally defended by projecting spines, or sometimes by a moveable

operculum, or lid, that closes the orifice in the contracted state of the

animal. The extension of one of these skeletons is effected by the

regular addition of new cells around the circumference of the Flmtra,

those of the margin being, of course, the most recent ; and the latter are

not unfrequently found inhabited by healthy animals, whilst in the older

or central ones the original occupants have perished.

(1218.) The facts observed by Milne-Edwards relative to the forma-

tion of these cells possess a high degree of interest, and materially

support the views already given concerning the formation of the tubes

of zoophytes in general, proving that the calcareous matter to which

their hardness is owing is not a mere exudation from the surface of the

animal, but is deposited in an organized tegumentary membrane, whence

it can be removed with facility by means of extremely dilute muriatic

acid. When so treated, a brisk etfervescence is produced ; the cells

become flexible, and are easily separated from each other ; but they are

not altered in form, and evidently consist of a soft and thick membrane,

forming a sac containing the digestive organs of the creature. In this

state the opening of the cell is no longer defined as it was before, but

the membranous cell appears continuous with the tentacular sheath.

"We see, therefore, that in these creatures the cell is an integral part

of the animal itself—not a mere calcareous crust moulded upon the

surface of the body—being a portion of the tegumentary membrane,

which, by the molecular deposit of earthy matter in its tissue, ossifies,

like the cartilage of higher animals, without ceasing to be the seat of

nutritive movement. It is evident, likewise, that what is called the

body of the Polyzoon constitutes, in fact, but a small portion of it,

principally consisting of the digestive apparatus.

(1219.) As to the operculum, destined to close the entrance of the

* " Recherches Anatomiques, Physiologiques, et Zoologiquos sur les Eschnres "

(Ann. des Sci. Nat. for 1836).
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tegumentary cell, it is merely a lip-like fold of the skin, the marginal

portion of whicli acquires a horny consistence, while at the point where

it is continuous with the general envelope it remains sufficiently soft

and flexible to obey the action of the muscles inserted into it.

(1220.) The tegumentary sac, deprived of its carbonate of lime, seems

to be formed of a tomentose membrane, covered, especially upon its

outside, with a multitude of cyhndrical filaments disposed perpen-

dicularly to its surface and very closely crowded together. It is in the

interstices left by these fibres that the calcareous matter appears to be

deposited ; for when a transverse section is examined with a microscope,

ISachara cervicornis. 1. Natural size. 2. A branch, magnified, showing the arrangement of the

calcareous cells. 3. An individual Polyzoonite removed from its cell: a, its tentacula; 6, pharynx;

c, filiform appendages; stomachal dilatation; e, intestine ;y, position of anal aperture; ^.re-

tractor muscles.

the external waU is seen not to be made up of superposed layers, but

of cylinders or irregular prisms arranged perpendicularly to the axis of

the body.

(1221.) But the above are not the only arguments adduced by Milne-

Edwards in confirmation of this view of the mode in which these

skeletons are held in vital connexion with the animal. On examining

the cells at different ages, it is found that they undergo material changes

of form.

(1222.) This examination is easily made, since in many species the

young spring from the sides of those first formed, and do not separate

from their parents ; each skeleton therefore presents a long series of

generations linked to each other, and in each portion of the series the

relative ages of the individuals composing it are indicated by the posi-

tion which they occupy. It is sufficient therefore to compare the cells

situated at the base, those of the middle portion, those of the young

branches, and those placed at the very extremities of the latter. When
examined in this manner, not only is it seen that the general con-

figuration of the ceUs changes with age, but also that these changes are
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principally produced upon the external surface. For instance, in the

young cells of Eschara cervicornis (the subject of these observations), the

walls of which are of a stony hardness, the external surface is much
inflated, so that the cells are very distinct, and the borders of their

apertures prominent: but with the progress of age their appearance
changes ; their free surface rises, so as to extend beyond the level of the

borders of the cell, and defaces the deep impressions which marked
their respective limits. It results that the cells cease to be distinct, and
the skeleton presents the appearance of a stony mass in which the aper-

tures of the cells only are visible.

(1223.) It appears evident therefore that there is vitality in the sub-

stance composing the stony walls ; and the facts above narrated appear

only explicable by supposing a movement of nutrition like that which is

continually going on in bone.

(1224.) The anatomy of these Polyzoa (fig. 381, 3) differs sHghtly from

that of Bowerhanhia. The crown of ciliated tentacula is inserted into

the extremity of a kind of proboscis, which is itself enclosed in a cy-

lindrical retractile sheath. From the margin of the opening of the ceU

arises a membrane equalling in length the contracted tentacles, and

serving to enclose them when the animal retires into its abode. These

appendages, thus retracted, are not bent upon themselves, but perfectly

straight and united into a fasciculus, the length of which is nevertheless

much shorter than that of the same organs when expanded.

(1225.) By the opposite extremity to that fixed to the margin of the

opening of the cell, the tentacular sheath unites with a tolerably capa-

cious tube, the walls of Avhich are exceedingly soft and delicate ; and

near the point of their union we may perceive a fasciculus of fibres

running downwards to be inserted upon the lateral walls of the cell

:

these fibres appear to be striated transversely, and are evidently mus-

cular ; their use cannot be doubted. When the animal wishes to expand

itself, the membranous sheath above aUuded to becomes roUed outwards,

everting itself like the finger of a glove as the tentacles advance. The

muscular fasciculi are thus placed between the everted sheath and the

alimentary canal, and by their contraction they must necessarily retract

the whole within the ceU.

(1226.) The first portion of the alimentary tube is inflated, and much

wider than the rest ; it forms a kind of chamber, in which the water set

in motion by the vibration of the cilia upon the tentacles appears to

circulate freely. The walls of this chamber are extremely delicate : the

soft membrane forming them is puckered, and appears traversed by

many longitudinal canals united by minute transverse vessels ; this ap-

pearance, however, may be deceptive.

(1227.) Beneath the first enlargement, the digestive apparatus be-

comes narrower, but immediately expands again, and oifers at this point

a certain number of filiform appendages, AA^hicli appear to be free and
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floating in the interior of the cell. To the second cavity succeeds a

narrow canal, opening into a third dilatation, generally of a spherical

form. Prom the last-named viscus issues a kind of intestine, which

soon bends upon itself and becomes attached to an organ of a soft and

membranous texture, having the appearance of a caecum, and which

seems to be continuous superiorly with the digestive tube ; the latter

continues its progress towards the upper part of the cell, and ultimately

terminates by a distinct anal aperture upon the upper aspect of the ten-

tacular sheath.

(1228.) The operculum which closes the cell in Flustrce and Escharce

is moved by two muscular fasciculi inserted into the internal face of this

valve by the intermedium of two filaments analogous to tendons
;
by

their inferior extremity these muscles are attached to the walls of the

cell ; and when, by its own elasticity, the operculum is turned back,

and the mouth of the cell thus opened, they, by their contraction, can

close it like a door.

(1229.) The existence of a nervous system has been satisfactorily de-

tected in many genera of the Polyzoa : it consists of a nervous ganglion,

situated immediately above the oesophagus, from each side of which pro-

ceeds a nervous cord forming a collar around that tube, as well as other

filaments distributed to the muscular system.

(1230.) No organ of special sensation has been discovered in any

animals of this class, either in their adult state, or during the earlier

periods of their development.

(1231.) Prom what is known concerning the propagation of the

Polyzoa, it would appear that their reproduction is effected in several

different ways.

(1232.) The most ordinary is by the development of gemmae, or buds,

that sprout from the parent stem in the branched species, or, as in the

Flustrce and EscharcB, are derived from the sides of contiguous cells.

(1233.) In Peclicellina helgica the phenomena attending the gemmi-
parous mode of reproduction are the following* :—Pirst, there sprouts

fi'om the common stem of the Polyzoon, without any determinate situ-

ation, a minute tubercle, which is simply a prolongation from the stem
itself ; this tubercle gradually extends outwards, becomes more promi-

nent, and soon swells into a vesicle, which is the first appearance of

the new individual. Up to this period the interior of the vesicle is

organized precisely in the same manner as the stem itself, of which it is

only an extension ; but now a cellule becomes visible in its centre,

which forms the point of departure whence the development of the
embryo proceeds.

(1234.) Around this primitive cell a series of other very small cellules

* Van Benedon, "Recherches sur I'Anatoraie, la Pbysiologie, et le D6veloppement
des Bryozoaires qui habitent la Cote d'Ostende" (Bulletin de I'Acad. Roy. de
Bruielles, torn. xix.).
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soon group themselves, -which seem to constitute the parietes of the

primitive vesicle, or blastoderm, the original cell representing the vitel-

line cavity. The hud now enlarges ; and as its growth proceeds, the

internal tissue becomes thickened, so as to fill it completely ; subse-

quently an indentation becomes apparent on each side of the little

cavity, separating the embryo into two halves, the inferior of which will

form the stomach, the superior the intertentacular chamber.

(1235.) In Laguncula repens the reproductive gemmte sprout from

the creeping stems which connect the individual animals, appearing at

first as a slight prominence, that soon expands into a rounded tubercle,

which is the commencement of a new cell. On close inspection, each

gemma is found to consist of a transparent envelope which is. in fact, a

continuation of the general investment of the animal, lined throughout

with a soft membrane, having its inner surface studded with minute

globules, by the accumulation of which the polyp is ultimately formed.

The bud itself is hollow, and communicates with the parent stem : it

therefore has in its composition nothing resembling that of an egg

;

neither distinct vesicle nor vitellus. The newly formed cell soon grows

taller ; and its lining membrane becomes thicker, indicating the first ap-

pearance of the intestinal canal, which is at first a simple cavity

bounded by the thickened lining of the cell. This cavity once formed,

the development of the different organs proceeds rapidly. First there

appears a longitudinal fold, resembling two lips, that, as they approach

each other, divide the cavity of the body into an anterior and posterior

compartment. The two lips, which have a valvular appearance, become

very regularly indented along their margins, and are soon recognizable

as the rudiments of the tentacular circle.

(1236.) At this epoch, it must be remarked, the polyp presents two

cavities distinct from each other : there is a space between the walls of

the body and the parietes of the future alimentary canal, the interspace

being in communication with the stem of the parent polyp, and filled

with a fluid that is analogous to the blood of higher animals ;
superiorly

this cavity likewise passes into the tentacles, and the fluid which bathes

the exterior of the alimentary canal thus finds admission even to ihe

extremities of those organs. The second cavity, which is the intestinal

canal, has as yet no communication with the exterior. As the for-

mation of the tentacles proceeds, the portion which is situated in front

of them will become the sheath, and the other part the intestine. As

the tentacula are formed by the prolongation of tbe tubercles which

were their first rudiments, the cavity of the stomach and the rest of the

intestinal tube gradually become apparent ; and at the same time some

globules are visibly disposed around the cul de sac of the former viscus,

which gradually become arranged into fibrillse, and constitute the re-

tractor muscles.

(1237.) When the cell has nearly reached its full development, its
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parietes become softened, and an opening is formed, which brings the

young polyp into communication with the surrounding element. The

Polyzoonite has now attained its complete form, and can expand its ten-

tacula ; but there are as yet no traces of a generative apparatus, which

seems to be developed at a subsequent period.

(1238.) Eeproduction is likewise eflFected, in the Polyzoa, by means of

true ova. The ovary in which these are developed is situated immedi-

ately above the stomach, and is generally found containing eggs in

different stages of growth. In the same vicinity is situated another

viscus, regarded by Van Beneden as the testes, his opinion being founded

on the fact that, when a mature specimen of the animal is placed

between two plates of glass and gently compressed, so as to rupture its

parietes and cause the escape of the viscera, spermatozoa are discover-

able in its interior.

(1239.) The spermatozoa exhibit considerable vivacity in their move-

ments, have a disk-like body and a caudal filament, and are propor-

tionally of large size. Around them may be seen multitudes of free

cellules without caudal appendages, which are apparently young sper-

matozoa. In some individuals the spermatozoa are so numerous that

the intestinal canal appears completely enveloped by them, and the

whole peruntestinal cavity seems alive with their movements.

(1240.) In the mature ovary may be seen ova in different states

of development, in each of which the vesicles of Wagner and Purkinje

are distinctly visible. In ova approaching their complete maturity, an

external vitelline membrane, or chorion, and a viteUus are perceptible,

but the two vesicles above-mentioned have disappeared.

(1241.) "When arrived at the proper term, the ova break from their

envelope, or ovisac, and escape into the general cavity of the body, where
they move freely about, surrounded on all sides by spermatozoa. At
length the eggs accumulate in the interior of the parent, near the base

of the tentacula; and their expulsion is ultimately accomplished through

a special orifice in the immediate vicinity of the anus. "Wlien an ovum
is thus about to escape, its external membrane is first seen to protrude

partially through the aperture, constituting a sort of hernia ; the vitellus

then gradually flows from the stiU enclosed portion of the egg into that

which is external; and when the viteUus has thus entirely passed out,

the egg is found separated from the parent animal, and falls into the
surrounding water. These eggs are entirely destitute of external ciKa,

and are carried off by any casual current to attach themselves where
chance may bring them

;
they are also remarkable for the irregularity

of their shape, their form seeming to depend upon the pressure to which
they have been subjected in the interior of their parent.

(1242.) In PedicelUna, Professor Van Beneden has witnessed the
escape of upwards of twenty eggs from a single individual. They are
of a pyriform shape, and are enclosed in a pellucid membrane, by the
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intervention of which they adhere to each other, so that, in the interior

of the body of the parent Polyzoon, they have a racemose appearance,

and when extruded spontaneously are generally united together in pairs.

Between the viteUus and the envelope of the egg there is always a small

quantity of a transparent whitish fluid, which doubtless represents the

albumen, while the pellucid external membrane itself is the chorion,

(1243.) The vitellus breaks up into granules, at first of large size, and

afterwards, by subdivision, of smaller and smaller dimensions, giving a

tuberculated appearance, like that of a raspberry, to the mass. This

division seems to be accomplished exactly as in the ova of the higher

animals, the yeUi first separating into two, then into four, after which

its breaking up proceeds rapidly.

(1244.) The embryo enclosed within the egg at first presents a

rounded form, but soon becomes divided by an indentation into an

anterior and posterior moiety, and vibratile cilia become apparent upon

the anterior extremity. That portion upon which the cilia have made

their appearance next insensibly enlarges, and assumes the shape of a

funnel, while the long cilia with which it is fringed begin to keep the

particles suspended in the water around in rapid motion. The margins

of the funnel rapidly extend themselves ; the body exhibits frequent

contractions, and at the end of about two hours little tubercles are

apparent upon its anterior extremity, which subsequently become de-

veloped into the tentacula. Professor Van Beneden thinks that when

the tentacula have become developed and furnished with their proper

vibratile apparatus, the original cilia disappear. The formation of the

tentacula at once indicates which are the two extremities of the body,

and the point by which the embryo wiU subsequently attach itself.

(1245.) The embryo, when mature, is quite free, and strikingly re-

sembles some forms of Infusoria ; but after a while a pedicle is formed,

whereby it proceeds to fix itself to some foreign body, and thus per-

manently assumes the aspect of its race. The pedicle seems to be

formed from a cell, developed below the stomach, which grows directly

outwards, and thus completes the organization of the young Polyzoon.

(1246.) A third form of reproduction is that by ciliated gemmules,

common in Halodactylus diaphanus and other similar species having soft

and fleshy or gelatinous polyparies. These are readily seen in spring,

when they appear as minute whitish points imbedded in the substance

of the mass ;
sometimes, however, they are of a dark brown colour, and

exceedingly numerous, appearing to occupy almost the entire substance

of the polypary (fig. 382). If one of these points be carefully turned

out with a needle and examined, it is found to consist of a transparent

sac, in which are contained generally from four to six of the gemmules,

which, as soon as the sac is torn, escape, and swim about^ with the

greatest vivacity*. Sometimes they simply rotate upon their axis, or

* Dr. A. Farre, Phil. Trans. 1837, p. 140.
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they tumble over and over
;
or, selecting a fixed point, they whirl round

it in rapid circles, carrying every loose particle with them ; others creep

along the bottom of the watch-glass upon one end, with a waddling

gait ; but generally, after a

few hours, all motion ceases,

and they are found to have

attached themselves to the

bottom of the glass. At the

expiration of forty-eight

hours the rudiments of a

cell are observable extend-

ing beyond the margin of the

body ; but any account of

their further development is

stUl a desideratum.

(1247.) Fluviatile Poly-

zoA.—We have hitherto only

spoken of those Polyzoa

whose habitat is the sea

;

besides the marine genera,

however, there are many
forms belonging to this class

that abound in fresh water.

The polyparies of the Flttviatile Poltzoa are met with in ponds and

streams, adherent to any foreign bodies which may be casually sub-

merged*. Thus they are found attached to stones at the bottom of the

water—upon the shells oiAnodon, Unio, and other freshwater moUusca

—

upon leaves, more especially those of the Water-lily {Nymphcea) and
of the Bistort {Polygonum amphibium)—upon floating wood—upon the

stems of Arundo pJiragmites and of various other plants. Some genera

(Alcyonella and Fredericella) frequently agglomerate into masses of con-

siderable size, such as might be mistaken for spongillas. The Paludi-

cellce often form an inextricable interlacement of filaments, spread out

over shells and stones. CristateUa and Lopliopus are generally met
with upon the stem of some aquatic plant, such as the Brook-lime ( Vero-

nica heccahunga), resembling, when examined by the naked eye, a layer

of fluid albumen, which might easily be mistaken for the eggs of Lim-
nceus stagnalis. In order to examine these animals in a living state, it

is necessary to leave the leaf to which they are attached for some time
undisturbed in a glass of clear water, when they will soon be seen spread-
ing forth their beautiful tentacula as they protrude from their delicate

cells. By frequently changing the water, more especially if it is rich in

Navimlce and Bacillarice, they may be kept alive for months, afibrding

objects of continual interest for the microscope.

* " Rechorches sur les Bryozoaires fluviatiles de Bolgique," pai- P. J. Van Beneden
(Nouv. Mem. do 1' Acad.de Bnixellcs, 1847).

2 L

Fig. 382.

Thin transverse section of SalodacLi/lus diaphanus.
The centre occupied bj cellular tissue and water ; the
circumference formed by cells in close approximation

;

the brown bodies scattered tliroiigh the substance.

a a, Position of the gemmulea enclosed in their sac

;

b, one of the gemmules escaped during the section of
the central tissue.
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Fig. 383.

(1248.) In tho freshwater Polyzoa the structure of the external enve-

lope is similar to that of tho marine specien, except that in no instance

are the fluviatile genera known to possess a calcareous polypary.

(1249.) In Cnstatella mucedo* (fig. 383, 3) the polypary or external

envelope (d) is membranous and slightly cordiform, its surface is tuber-

culated, and it is incapable of contraction. In this outer covering

several individuals are contained; but although produced from one

another, they are only aggregated, being lodged in distinct tubular cells.

The body of each animal appears to consist of a digestive canal con-

stricted once or twice in its course, and terminated by an anal orifice.

"When these creaturess

are extended, the upper

part of the body pro-

trudes from the cell,

the tentacular appara-

tus being supported on

a kind of neck, whereon

the mouth (a) is easily

seen, and near it the

anus.

(1250.) On each side

of the mouth the body

divides into two arms,

which, when spread

out, resemble a horse-

shoe, being flattened

and blunt ; and upon the arms are arranged about a hundred slender,

transparent, retractile tentacles, disposed on each side and upon the

summit like the barbs of a feather, and aU covered with an infinite number

of cilia, whose action produces currents directed towards the mouth,

hurrying in that direction organized particles contained in the water.

(1251.) The three individuals that thus inhabit the same general

covering are produced at two distinct generations—the two lateral being

the offspring of the central one, derived from it by a process of gemma-

tion ;
but, when complete, they are evidently quite separate from and

independent of their parent.

(1252 ) The number of the tentacular 'appendages varies very con-

siderably in different genera : in PaJudicella and FMcella, which

have the fewest, there are about twenty, while in Alcyonclla, Phmatella,

and Cristatella (fig. 383) there are as many as sixty, or even moic

1,1 Paludicdla the'arraiigement of the tentacula is infundibular ;
but m

Lophopus, Alcyonclla, PUmateUa, and Cristatella (fig. 383) they assume

* M Turpin, fitudo microscopique de la CristatclU mucedo, e^^hc, d« poljpe

d-eau douee (Ann. des Sci. Nat. for 1837) ; also another n,cn,o.r upon the s.nn,c

subject by M. P. Gorvais {ihid.).

Cristatella mucedo. 1. Egg, natural size. 2. Egg. magnified.

3. Animal after its escape from the egg : o, the mouth
;
b, open-

ings of cell; c, the stomach; d, shell; e,f, ciliated tentacula.
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the shajDC of a horseshoe. In Frederieella (fig. 384) thej' arc united

together for one half of their length by means of a delicate membrane.

(1253.) The digestive aiDpai-atus invariably consists of an oesophagus,

of a stomach, which forms a ml de sac, and intestinal tube. The in-

testine is always straight, and without convolutions. Its cavity is

separated from tliat of the stomach by a pyloric valve that completely

closes the aperture ; whilst the oesophagus is in like manner provided

with a fold, situated sometimes near its middle, sometimes at its lower
part, that perform the office of a cardiac valve.

(1254.) The ahments, before admission into the stomach, accumulate
in a cavity formed at the commencement of the digestive tube (fig. 384,/),
which in most genera is defended

by a largely developed lip (d) that

opens and shuts like a valve ; this

lip is densely covered with cilia, the

action of which is very energetic.

(1255.) The anus (j) is always

situated at the base of the tentacular

zone.

(1256.) The food of the fluviatUe

Polyzoa consists of Infusorial ani-

malcules and the microscopic Des-
midieae which abound in the waters

they frequent, and whose remains
are distinguishable both in their

stomachs and in the contents of the
intestine. They are likewise easily

made to swaUow carmine, sepia, and
other colouring substances.

(1257.) There seems to be no
doubt relative to the nature of the
circulation in these animals. The
place of blood seems to be altogether

supplied by the chylaqueous fluid.

This fluid is not contained in vessels,

unless the cavities of the tubular
tentacula may be considered such, but moves freely in aU directions
around the parietes of the digestive canal. There is consequently
neither heart nor any vascular system,—the chylaqueous fluid, which
thus represents the blood, being kept in continual movement in the
penintestinal cavity by the action of the cilia that cover the exterior of
the intestinal apparatus. It is therefore ciliary action that determines
the course of the aHment in the interior of tlie alimentary apparatus
and of the fluid external to its walls—the cUia thus answering the pur-
pose of a heart as well as of the muscular coat of the intestines.

2 L 2

Frederieella sultana : d, mouth
; /, pharynx

;

j, anal orifice.
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(1258.) All the viscera of the body being thus bathed by the chyl-

aqueous fluid that surrounds the intestinal canal, they receive directly,

through the intermedium of that fluid, both the materials for nourish-

ment and the means of respiration.

(1259.) Eeproduction among the freshwater Polyzoa Ls accomplished

in two ways—by gemmation and by true ova. The first of these modes

resembles exactly what has been described as existing among the marine

genera ; but as regards the process of oviparous reproduction, there are

some remarkable points of difference that require notice.

(1260.) It is now generaUy iinderstood that, wherever oviparous

reproduction occurs, there is a formation of spermatozoa ; and modem

observations have proved the existence of these distinguishing products

of the male sex in most genera of the cOiobrachiate polyps. Frequently

both the sexes are conjoined, so that there is a complete hermaphro-

ditism ; but in some cases the sexes are separate ; and the number of

female individuals is greater than that of the males. Seeing that among

these compound animals the blood, or its representative fluid, is common

to an entire group, and that the ova as well as the spermatozoa are dif-

fused through this liquid before they are evacuated, s single male indi-

vidual may, strictly speaking, suffice- for the fecundation of the eggs of

a whole colony.

(1261.) But with regard to the ova themselves, a remarkable dif-

ference is observable between those of the fluviatile and of the marine

Polyzoa. Among the Alcyonellce and other genera there exist two sorts

of eggs—the one covered with vibratile cilia, capable of swimming

freely about exactly like Infusorial animalcules, and the other enclosed

in a hard shell, having somewhat the appearance of the seeds of some

plants. These latter have received the name of " Statoblasts." The

first sort, without a shell, is also met with among marine species
;
but

the second seems peculiar to the freshwater Polyzoa. In Cristatella

mucedo, for example, the ova are of this latter description, being en-

closed in a dense horny shell, the exterior of which is covered over

with sharp booklets, giving them an appearance strikingly like some of

the DesmidieEe (fig. 383, 2). This shell is probably intended to preserve

the ova during the winter season from being destroyed by the freezing

of the ponds in which they occur, whHe the marine polyps, being sub-

iected to no such changes of temperature, can dispense with such a

covering. It is on this account apparently that these ova are met with

sometimes naked, and sometimes provided with a sheU; and in the

same way, in the genus Paludicella (in which ova have not been de-

tected), the gemmee become invested on the approach of winter with a

horny covering.

(1262 ) As there are thus two modes of reproduction, so are tnerc

two kinds of embryogenie development observable among the fluviatilo

Polyzoa; that is to say, the polyp which is produced from an egg is
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formed in a different manner from that whicb is produced by the pro-

cess of gemmation. In the mature ovum, both the germinal spot and

the germinal vesicle ai-e distinctly perceptible; but in the nascent gemma

the existence of ueither of these elements is to be detected. According

to the gemmiparous mode of propagation, the young individual is formed

by direct extension from the tissues of the parent. In the formation

of the embryo from an egg, there is, from the first, a complete isolation-

of the newly formed progeny : a vesicle or ceU is formed, which, pre-

vious to its conversion into a new individual, requires the cooperation

of another cell, or, in other words, the ovum remains unproductive

unless brought into contact with the male fluid containing spermatozoa,

whereas in gemmiparous reproduction such a concurrence is by no

means necessary ; neither germinal vesicle nor any male apparatus is

required.

CHAPTER XVIII.

TUNICATA *. AsciDioiDA t (Huxley ).

(1263.) The extensive class of MoUusca to which the name at the

head of this chapter has been applied is at once distinguished by the

remarkable character afforded by the texture of their external invest-

ment. In their general organization the Ttjnicata are very nearly

allied to the ordinary inhabitants of bivalve shells, with which, both in

the structure and arrangement of their viscera, they correspond in many

particulars ; but instead of being enclosed in any calcareous covering,

a strong, flexible, cartilaginous or coriaceous integument forms a kind of

bag encasing their entire body, and only presenting two comparatively

narrow orifices, through which a communication with the exterior is

maintained.

(1264.) Yarioua are the forms under which these animals present

themselves to the eye of the naturalist ; but the enumeration of them

will be more conveniently entered upon hereafter. We shall therefore

'

at once lay before the reader the principal points connected with the

structure and habits of an Ascidian belonging to one of the most per-

fectly organized families ; and after examining this attentively, our

descriptions of allied genera will be rendered more simple and intelli-

gible. The Ascidians are abundantly met with upon the shores of the

ocean, especially at certain seasons of the year. In their natural con-

dition they are found fixed to the surfaces of rocks, seaweed, or other

submarine bodies: frequently, indeed, they are glued together in

* Tunicatus, clad in a tunic,

t «<tk6s, a leathern bag.
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Fig. 385.

bunchos ; but in this case individuals arc simply agglomerated, without

organic union. Incapable of locomotion, nnd deprived of any extei-nal

organs of sense, few animals seem more helpless or apatlietic tlian these

apparently shapeless beings, and the

anatomist is surprised to find how
remarkably the beauty and delicacy

of their interior contrasts with their

rude external appearance. In the

species selected for special description

(^Phallusia nigra), the external en-

velope (fig. 385, a a a) is soft and

gelatinous in its texture, fixed at its

base to a piece of coral (Z), and ex-

hibiting at its opposite extremity two

orifices (Ji, f), placed upon prominent

portions of the body. Through the

most elevated of these orifices (7j) the

water required for respiration and

the materials used as food are taken

in, while the other (/) gives egress
^|,::||

to the issuing streams of water as

well as to the ova and excremen-

titious matter. The soft outer cover-

ing is permeated by blood-vessels,

which ramify extensively in it ; it is

moreover covered externally with an

epidermic layer, and lined within by

a serous vascular membrane, which,

in the neighbourhood of the two

orifices, is reflected from it on to the

body of the animal lodged inside.

The creature thus hangs loosely in

its outer covering, to which it is only

connected at the two apertures by

means of the reflexion of the mem-

brane above mentioned.

(1265.) On removing a portion of

the exterior tunic, that in reality

represents the shells of a bivalve

Mollusk, the soft parts of the Ascidian

are displayed. The body is seen to

be covered with a muscular investment (the mantle) (fig. 385, h h c),

composed of longitudinal, circular, and oblique fibres, which cross each

other in various directions, so as to compress by their contraction llic

viscera contained within, and this so forcibly that, -when alarmed, Ihc

Sferacturo of Phallwia nigra: a a a, ex-

ternal envelope ; b b, the mnntle ; c, mnntlo

rofleeted so as to disiilay cl d, the membrane
lining the res^jiratory sae; e e, alimentary

canal ; /, excretory orifice ; ff,
orifice of ovi-

duct; h, oral aperture; a piece of coral to

which tlic animal is fixed; hi, posil ion of the

ovarium; «, the anus. (After Hunter.)
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animal can expel the water from its branchial sac, immediately to be

described, in a thin continuous stream, sometimes projected to a distance

of many inches.

(1266.) Eespiration is effected in an apparatus of very peculiar con-

trivance, to the examination of which we must next request the

attention of the student. A considerable portion of the interior

of the body is occupied by a circumscribed cavity, that opens exter-

nally by the orifice h ; into this bag a bristle has been introduced

in the dissection, represented in the figure (fig. 385) ; its walls are seen

to be composed of a thin but very vascular membrane {d cl d), that has

been partially turned back, so as to display the interior of the respiratory

sac. This membrane (fig. 385, ddd-, fig. 386, e), when examined

with a microscope, is found to be covered with a magnificent network of

blood-vessels, formed by innumerable canals uniting with each other at

right angles ; and moreover, when seen in a living state, its surface is

discovered to be densely studded with vibratile cilia, whose rapid action

constantly diffuses fresh supplies of water over the whole vascular mem-

brane. The respiratoiy cavity has but one orifice for the admission of

water (fig. 386, a); and this is guarded by a fringe of delicate and

highly sensitive tentacula (fig. 386, V), so that, the water, as it is drawn

into the body, having necessarily to pass these tactile organs, any foreign

substances which it might contain of a prejudicial character are at once

detected and denied admission. All the vascular ramifications spread

over the lining membrane of the' branchial chamber are connected with

two sets of large vessels ; one of which (fig. 386, /), receiving the

blood from the body, disperses it over the spacious respiratory surface ;

while the other, collecting it after it has undergone exposure to the

respired medium, conveys it in a pure state to the heart.

(1267.) The heart itself (fig. 386, I) presents the simplest possible

form, being generally a delicate elongated contractile tube, receiving at

one extremity the blood derived from the numerous vessels that ramify

over the interior of the branchial sac, whilst at the opposite end it

becomes gradually attenuated into the aorta (m), through which it impels

the circulating fluid and disperses it through the system.

(1268.) The heart, above described, is extremely thin and trans-

parent, and is lodged in a distinct pericardium, which separates it from

the other viscera.

(1269.) Notwithstanding this apparently simple arrangement of the

va.scular system in the Ascidians, the nature of the circulation of the

blood, throughout the class, is extremely curious, the action of the heart

being completely reversed at brief intervals, and the course of the blood

entirely changed—a phenomenon which is easily witnessed in any of

the smaller and more transparent species when placed under the mi-
croscope. The contractions of the heart succeed each other with regu-
larity ; but they are sluggish, not extciading at once tlirough the whole
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organ. Tlio systole commences at one extremity, and is propagated hy
au uiidulatory movement towards tlie opposite end by a sort of peri-

staltic action. Eor some time the contractions succeed each other with
rapidity, passing on in the same course, when they suddenly cease, and,

after a pause, recommence from the other end of the viscus. The blood

thus impelled alternately from behind forwards, and then in the contrarj^

direction, ascends towards the branchial apparatus ; nevertheless it does

not appear to be conducted there by closed vessels, but seems to be

diffused between the inner tunic of the abdomen and the viscera, where
it flows in currents that vary in their direction as the movements of

the animal, or any other mechanical causes, affect their passage. The
chief portion of the blood, however, ascends by the dorsal or the ventral

surface of the abdomen, and, after having bathed the surface of the

viscera, gains the base of the branchial sac. When the contractions of

the heart are directed forwards, the ascending current of blood passes

along the anterior wall of the abdominal cavity, and enters a capacious

sinus, situated in front of the respiratory chamber, which gives origin

on each side to a series of large transverse vessels ; and these intercom-

municating with each other by means of innumerable branches disposed

vertically, a rich vascular network is formed, that, after sj)reading all

over the walls of the branchial cavity, pours its blood into another

vertical sinus situated at the opposite side of the thoracic cavity, into

which is likewise poured the vitiated blood derived immediately from

the system. Lastly, the circulating fluid, again diffusing itself between

the viscera, descends along the dorsal region of the abdomen and again

reaches the heart, "Were the circulation constant in the above direc-

tion, as Milne-Edwards observes, it would somewhat resemble that

of other Acephalous Mollusca. The heart might then be compared

to an aortic ventricle, and the anterior thoracic sinus to a branchial

vein. But, owing to the contrary directions of the currents of blood,

due to the changing action of the heart, the vessels that during one

minute perform the functions of veins, are in the next converted into

arteries.

(1270.) When we consider the fixed and immoveable condition of an

Ascidian, and its absolute deprivation of all prehensile instruments

adapted to seize prey, it is by no means evident, at first sight, how it

is able to subsist, or secure a supply of nourishment adequate to its

support ; neither is the structure of the mouth itself, or the strange

position which it occupies, at all calculated to lessen the sm-prise of

the naturalist who enters upon the consideration of this part of its

economy. The mouth, in fact, is a simple orifice, quite destitute of hps

or other extensible parts, and situated, not at the exterior of the body,

but at the very bottom of the respiratory sac (fig, 386, g). It is obvious,

then, that, whatever materials are used as aliment, they must be broughi

into the body with the water required for respiration ; but even when
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Fig. 386.

thus introduced into the branchial cavity, the process by which they

are conveyed to the mouth and swallowed still requires explanation.

We have before noticed that the interior of the branchial chamber is

covered with multitudes of vibratile and closely set cilia, well described

by Mr. Lister*, which, by their motion, cause currents in the water

contained therein. When these are in full activity the effect upon the

eye is that of delicately-toothed oval wheels, revolving continually in a

direction ascending on the right, and descending on the left of each

oval, as viewed from without ; but the cilia themselves are very much

closer than the ajjparent teeth ; and the

illusion seems to be caused by a fanning

motion given to them in regular and quick

succession, which produces the appearance

of waves ; and each wave answers here

to a tooth (§ 1131).

(1271.) Whatever little substances,

alive or inanimate, the current of water

brings into the branchial sac, if not re-

jected as unsuitable, lodge somewhere on

the respiratory surface, along which each

particle travels horizontally, with a steady,

slow course to the front of the cavity,

where it reaches a downward stream of

similar materials ; and they proceed to-

gether, receiving accessions from both

sides, and enter at last the oesophagus,

placed at the bottom (fig. 386, g), which

carries them, without any efibrt of swal-

lowing, towards the stomach.

(1272.) The oesophagus (fig. 386, h)

is short, and internally gathered into

longitudinal folds. The stomach (i) is

simple, moderately dilated, and has its

walls perforated by several orifices,

through which the biliary secretion en-

ters its cavity. The liver is a glandular

mass intimately adherent to the exterior /• Witudinai Tessei; t, i, stomach

11-1 •
intestine; L, heart; m, aorta; n,

bi the stomach and the intestinal canal (7c), anus ; o, ovary ; p, termination of ovi-

of variable length, and, more or less convo-

luted in different species (fig. 385, e e), after one or two folds terminates in
the rectum, which, emerging from the peritoneal investment covering the
intestine, Jias its extremity loosely floating in the cavity communicating
with the second orifice (/) : into the latter a bristle is introduced in
the figure, having its extremity inserted into the anal extremity of

* Phil.Trans.forl834, p. 378.

Dia^am of an Asoidian, showing the
position of the viscera : a, the intrant
oriflce ; 6, tentacula guarding it ; c, d,

nervous ganglia
; e, respiratory sac

;
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the digestive tube. Excremcntitious matter, therefore, when discharged

from the rectum, escapes from the body through the common excretory

aperture, generally situated upon the least elevated protuberance of the

outer covering*. The excretory apei-ture (fig. 386, q) is, in fact, the

outlet leading from a somewhat capacious chamber (" atrium"), lined

by a distinct membrane (" third tunic" or peritoneum"), which is re-

flected over the exterior of the respiratory (pharyngeal) sac. Where

the atrial tunic is reflected over the sides of the respiratory sac, the

walls of the two cavities become more or less closely conjoined, and the

surface of contact perforated by numerous large apertures fringed with

cilia, whereby a direct communication is kept up between them ; so that

a current produced by ciliary action which sets in at the oral aperture

and out by the atrial opening, may be readily observed in a living

Ascidian. It would seem that the food of Ascidians consists of very

minute particles of organized matter ; for although small Crustacea and

other animal remains have been occasionally met with in the branchial

chamber, nothing of this nature has been observed in the stomach

itself
;
and, as must be obvious to the reader, the oral aperture seems

but little adapted to the deglutition of bulky substances-

(1273.) The reproductive system in the Ascidians presents the utmost

simplicity of parts.

(1274.) The ovary is a whitish glandular mass, imbedded with the

liver among the folds of the intestine ; its position in fig. 385 is indi-

cated by the letter m ; and at o, fig. 38(3, it is seen separated from the

surrounding structures. The oviduct, which is occasionally very tor-

tuous, accompanies the rectum, and terminates near the anal aperture

(fig. 385, m ;
fig. 386, p) ; so that the ova ultimately escape through the

common excretory orifice.

(1275.) Since the publication of the former editions of this work,

important additions have been made to our knowledge relative to the

generative system of the class under consideration, and a distinct male

apparatus, the existence of which was formerly denied, has been satis-

factorily described by many skilful observers. The arrangement of these

organs, as they exist in Cynthia ampulla, dissected by Van Beneden, is

shown in the accompanying figure (fig. 387, a, b). In this species the

sexual parts appear at first sight to form but a single organ, imbedded

in a fold of the alimentary canal {a, h) ; but by the assistance of a micro-

scope, this is readily seen to consist of two portions—one male, and the

other'female. The testicle (c) surrounds the base of the ovary, and is

distinguishable by its milky-white colour ; its substance is entirely

made up of innumerable short convoluted caeca, visible to the naked eye,

and resembling the seminiferous tubes of many of the higher animals.

Three or four glandular prolongations (/) arise from the surface of this

organ, which a-re hoUow internaUy, and contain a milky fluid which is

* Cuvior, Memoirc sur les Ascidics, p. 14.
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poured into the cloaca, and which the microscojDe reveals to be almost

entirely composed of spermatozoa with disciform heads and filamen-

tary tails. The ovary is of a dark colour, and is imbedded, as it were, in

the testes ; its oviduct (e) opens into the cloaca by the side of the anus.

(1276.) In Ascidia grossularia, the eggs, as seen through the walls

of the ovary, are of a fine red colour, and are contained in separate sacs
;

so that the ovary when distended resembles a bunch of grapes. By

the side of the ovary is another series of sacculi (fig. 387, b, 6), the

Fig. 387.

a A

G-enerative system of Cythnia ampulla.

contents of which abound with spermatozoa, intimating theii' identity

Avith the male apparatus above described.

(1277.) Deprived as these animals are of any of the higher organs

of sense, and almost cut oflP from all relation with the external world,

we can look for no very great development of the nervous centres.

There is one ganglion, however, lodged in the substance of the mantle,

distinctly recognizable, situate in the space between the branchial and
excretory openings, from which large nerves are given off ; but of other

details connected with the nervous system of the Tunicata, little has

been made out.

(1278.) Compound Ascidians.—If, when waMng on the shore about

low-water mark, the seaside visitor will be at the trouble of turning over

the larger stones or look under projecting eaves of rock, he will be almost
sure to see translucent jeUy-like expansions, exhibiting considerable

variety of colour—orange, purple, yellow, blue, grey, or green—some-
times nearly uniform in tint, sometimes beautifully variegated, and very
frequently pencilled as if with stars of gorgeous device, now incrusting
the surface of the rock, now depending from it in icicle-like projections.

A tangle- or broad-leaved fucus torn from its stony bed or gathered on
the sands where the waves have cast it, wiU frequently show us similar
bodies, mostly star-figured, investing its stalks, winding among its roots,
or clothing with a glairy coat the expanse of its foliated fronds. On
placing some of these in a vessel of sea-water, they will at first seem to
lie as apathetic as sponges, giving scarcely any indication of vitality.
Closer and microscopic inspection, however, will soon detect currents in
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the water surrounding them (streams ejected from minute apertures

\ipon their surface, and water rushing in), indicating that, liowevcr

torpid tlioy may appear, all the machinery of life, respiratory wheels and

circulatory pumps, are hard at work in their interior—that every such

Fig. 388.

1

Pyrosoma giganteum.

mass, in fact, is made up of an aggregation of minute Ascidians conjoined

in elegant kaleidoscopic groups, all constructed upon the same i)lan as

that described above, and all of them actively employed in taking in

and pouring forth the currents that bring them nutriment.
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^25

(1279.) The individual Ascidians of which these -^PO-^^^^^

tares are eomposed are generally exceedingly mxnute
;

^^^J^^^^''^
of their assocLion differs eonsiderahly in different famihes They are

arranged by Cuvier* in three principal g^-P^'
^^^^J^^^^^^^^

lowing characters. In the first iBotryllus t), the httle bo hes of the m

dividud aniraals are ovoid ;
butthey fix themselves upon he exter or o

sea-weed or other substances in regular bunches, consisting of ten or

twelve, arranged like the rays of a star around a common centre. The

brancMal orifices in such are all placed around the circumference of he

star, while the excretory apertures open into a common cavity in the

centre If the external orifice is irritated, the animal to which it

belongs alone contracts ; but if the centre be touched, they aU shrink

a280 ) In Pyrosomat, the second group, the animals are aggregated

together in great numbers, so as to form a hollow cylinder, open at one

end, but closed at the opposite, which swims in the sea by the combined

contractions and dHatations of all the individuals composing it. The

branchial sacs here open upon the exterior of the cylinder, while the

anal orifices are in its internal cavity. Thus a Pyrosoma might be

described as consisting of a great number of stars of
5o^.J^^^

piled one

above the other, the whole mass remaining free and capable of locomo-

tion. Many of these moving aggregations of Tunicata emitm the dark

a most briUiant phosphorescent light, whence the derivation of the

name by which they are distinguished.
, , . ,

(1281 ) In other forms of these aggregated Ascidians (which are

designated by the general name of Polydinum§) (fig. 389) the anal and

branchial orifices are approximated, and placed at the same extremity of

the body They are all fixed—some spreading like fleshy crusts over sub-

marine substances, others forming conical or globular masses, or occasion-

ally so grouped as to produce an expanded disk resembling a flower or an

Actinia; but, whatever the arrangement of the common mass, it is

composed of numerous associated individuals, every one of them corre-

sponding more or less closely, as regards their internal structure, with

the description above given of the organization of Ascidians m general.

Still there- are points of difference which it will be necessary to notice.

(1282.) The researches of Milne-Edwards i|, relative to the structure

of Amaroucmm Argus, one of the compound Ascidians, are particularly

interesting. In this species the male generative apparatus consists of a

largely developed testicular gland, that occupies almost all the lower

part of the postabdomen, and communicates with the common excretory

cavity by means of a long filiform canal. This gland is made up of a mul-

titude of wHtish vesicles, which, at first sight, have much the appearance

* Regne Animal, vol. iii. p. 168. t Hdrpv,, a bunch of grapes,

t TTf'P (Trrpos), fire
;

^ribfia, a body. § vroXis many ; kXIvu, a bed.

||
" Observations sur Ics Ascidies compos^es," M6m. do I'Acad. torn. xviu.
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of rudimentary eggs, but which, in reality, arc found to swarm with

spermatozoa, thus revealing the true nature of the organ. A similar

arrangement has since been detected in numerous other genera ; bo that

its existence throughout the entire class is now no longer doubtful.

Fig. 380.

PolycUiwm consteUatum. 1. Individual Ascidian extracted from the general mass, magnified.

2. One of the groups isolated and magnifled. 3. Mass, composed of numerous associated groups,

represented of the natural size.

The ovarium is situated in close juxtaposition with the testes. In all

the Polyclinian group it is lodged in the postabdomen, and posteriorly

is hardly distinguishable from the male apparatus, but towards the

upper part becomes easily recognizable in consequence of the size and

colour of the ova contained within it. The eggs, of which a few only

are developed at a time, as they issue from the ovigerous organ pass

immediately into the cloaca, or even, become lodged in the lateral part

of the thoracic chamber, between the proper tunic of this cavity and the

branchial sac, where they remain for some time exposed to the influence

of the surrounding aerated medium.

(1283.) Whilst the ova remain enclosed in the upper part of the

postabdomen, they increase considerably in size and assume a spherical

form ; the yelk acquires a deep-yellow colour; and the vesicle of Pur-

kinje, which was distinctly visible during the commencement of tlicir

development, disappears, and is replaced by a cloudy spot, which appears
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to be the blastoderm, or proligorous layer, from which proceeds the

embryo of the young Ascidian.

(1284.) During incubation the egg acquii-es more of an ovai term,

the vitelHne mass seems to contract; and its surface, growing denser,

appears to become organized into a membrane which is distinct from

the more deeply seated substance of the yelk ;
and graduaUy the

whole becomes moulded into something like the shape of a tadpole

(fig. 390, a), the anterior extremity of which is surmounted by a

sort of tentacular apparatus ; and on the bursting of the egg, this

embryo, by means of its long tail, swims about in the water with con-

siderable vivacity; after the lapse of a few hours, however, the little

creature, in size not yet larger than the head of the smallest pm, fixes

itself to some foreign object by means of one of the Httle suckers

situated on the anterior extremity of its body, and permanently loses

all capability of locomotion.

(1285.) Having thus fixed itself for life, the larval Ascidian soon

begins to change its form (fig. 390, b). The anterior extremity of

its body becomes expanded, the tentacular appendages disappear, the

central portion of the tail becomes retracted into the central mass,

and, lastly, the tail itself, wHch was at first such an important loco-

motive agent, gradually withers away, untH no traces remain of such

an organ having existed (fig. 390, c, n).

(1286.) From the above description of the development of the young

Fig. 390.

Larva and progressive stages of metamorphosis in an Ascidian Mollusk: n, rudimentary tenta-

cula ; h, point of subsequent attachment ; c, d, e, incipient appearance of viscera
; fg, outer tunic.

Ascidians, it appears that during the first part of their existence they

are solitary and isolated animals, although at a later period they are

found united into numerous colonies, either connected together by

means of a creeping common stem, or associated into a compact mass

by a tegumentary tissue wherein the entire colony is arranged after a

certain order, or regular pattern, which is constant in each species ; and

the manner in which this is effected thus presents itself as a problem

possessing considerable interest.
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(1287.) Savigny, while prosecuting his dissections of the Botrylll,

had remarked, situated upon the borders of the stellate groups formed

by the association of individuals belonging to that genus, a multitude

of membranous tubes, slightly dilated at their extremities, to which he

gave the name of the marginal tubes, at the same time pointing out their

existence in other families, but without entering into any details con-

cerning the relations existing between them and the associated Ascidians

contained in the tegumentary mass. Milne-Edwards, however, ascer-

tained, by the examination of transparent groups of these creatures

whilst in a living state, that each of these canals is at first a little

tubercle, developed from the surface of the abdominal portion of the

inner tunic of an adult Ascidian. This tubercle becomes elongated by

growth into a tube, the extremity of which is closed, but free, while

its internal cavity communicates freely by the opposite end with the

abdominal cavity of the Ascidian from which it originally sprouted ; so

that the blood circulating in the latter easily penetrates into the csecal

appendage, wherein an active circulation is kept up. Generally speak-

ing, in proportion as these marginal tubes advance into the common

tegumentary tissue around them, they divide into several branches, and

the extremity of each of them becomes inflated and claviform ; soon

there appears, towards the summit of each terminal swelling, a small

granular mass wherein the forms of an Ascidian gradually develope

themselves, and which in time becomes a new animal, resembling those

already existing in the common mass, of which it is destined itself to

become a new inhabitant. Ultimately the communication between the

parent and the young individual becomes obliterated; but still the

newly formed animals, thus derived from the same parent, remain for

some time united by their pedicle ;
and, apparently, to this circumstance

their mode of arranging themselves in groups is due.

(1288.) In these creatures, therefore, the egg may be said to give birth

to a scolex, which, becoming attached and changing its shape, acquires

weU-marked reproductive organs, but at the same time produces, by

means of buds, new beings as complete as itself. Here the scolex is

converted directly into a proglottis, which in turn produces an entire

generation of individuals endowed with the same capabilities. In other

words, the egg of the butterfly gives birth to a caterpillar which arrives

at its butterfly condition ; then from the butterfly so derived other

butterflies bud forth, of which that first formed is not the father or the

mother but only the parent, inasmuch as no sexual impregnation is

required for their production.

(1289.) In the seas of tropical latitudes, many forms of Tunicated

MoUusca are met with abundantly which, although allied to Ascidians in

the main points of their economy, present certain peculiarities of struc-

ture that require notice. These, grouped by authors under the general

name of Salpce, are many of them so transparent that their presence in
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a quantity of soa-water is not easily detected ; and their viscera, if

coloured, are readily distinguishable through their translucent integu-

ment, which in texture seems to be intermediate between cartilage and

jelly. The body is oblong, and open at both extremities, the posterior

opening being veiy wide, and furnished with a crescentic valve, so dis-

posed that water is freely drawn into the interior through this aperture,

but cannot again be expelled by the same channel ; so that, being forced

by the contractions of the body in powerful gushes from the opposite

end, it not only supplies the material for respiration, but impels tke

delicate animal through the water in a backward direction. The bran-

Fig. 391.

Sulpa maxim/t: a, montli ; 6, anus; e, abdominal cavity; d, branchial organ; e, heart;

/, rudimentary chain of concatenated embryos ; g, g, prolongations of the integument.

chial chamber of the Ascidians is consequently in this case represented by

a wide membranous canal, which traverses the body from end to end ;

but, instead of the network of vessels lining the respiratory sac of Asci-

dians, a singular kind of branchial organ is placed within it. This

consists of a long vascular riband attached by both its extremities to the

walls of the canal, through Avhich the water rushes ; and of course,

being freely exposed to the influence of the surrounding medium, the

blood contained in this curious branchial apparatus is perpetually reno-

vated, and afterwards distributed, by a heart resembling that met with

in the genus last described, to all parts of the body.

(1290.) The viscera, which occupy comparatively a very small space,

are lodged in a distinct compcartment between the membranous respira-

tory channel and the external gelatinous investment, or soft shell, as we

might properly term it. The mouth is a simple aperture, situated near

the upper extremity of the branchial organ ; and probably, as in the

Ascidians, ciliarj'^ currents rushing over the respiratory surface bring into

it a sufficient supply of nutritive molecules. The stomach is capacious,

and covered with parallel rows of large white filaments, that seemingly

represent the liver ; and the alimentary canal, which is perfectly

simple, runs to the posterior extremity of the animal, and terminates

there by a wide opening*.

* For excellent drawings representing the anatomy of various Saljxr, the roacler

2 M
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(1291.) A very remarkable feature in the history of these animals is

that many species are found swimming together in long chains, appa-

rently adhering to each other by little suckers, but without organic

connexion ;
and, what is still more strange, it would appear, from the

observations of M. do Chamisso *, that such aggregated animals give

Fig. 392.

Concatenated progeny of Salpa maxima.

birth to insulated individuals of very different appearance, which in

their turn reproduce concatenated forms resembKng their progenitors ;

so that the alternate generations are quite dissimilar both in conforma-

tion and habits.

(1292.) The observations of Chamisso have in later times been

substantiated and carried out by the researches of Krohn, Steenstrup,

Eschricht, Milne-Edwards, Huxley, and others ; and the phenomena

connected with the process are so interesting that it will be necessary

to lay before the reader a brief abstract of the result of their labours.

is referred to the Descriptive and Illustrated Catalogue of the Physiological Series

of Comparative Anatomy contained in the Museum of the Eoyal College of Surgeons

of England, vol. i. plates 6 & 7.

* Dissert, de Salpii, Berlin, 1830.
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(3293.) The Saljpce axo all viviparous; and each species is propagated

by an alternate succession of generations most dissimilar from each

other in theii- forms, habits, and mode of increase. The concatenated

Salpce produce but a single egg apiece, which is distinctly visible in

the interior of their transparent bodies. But whilst the isolated Salpians

are thus prodnced from eggs, their progeny are produced by a process

of gemmation, springing like buds from the surface of a most remark-

Fig. 393.

Fig. 1. Anterior extremity of the body of Salpa maxima: a, beak-like ijrojection; 6, visceral

chamber; c, mouth; rf, transverse muscle for closing the lower lip; e, longitudinal muscles opening
the mouth ; f, first pair of transverse thoracic muscles ; g, commencement of branchial organ.

Fig. 2. Posterior extremity of solitary Salpa maxima enclosing a chain of concatenated em-
bryos: «, posterior projection from outer tunic; 6, abdominal cavity; d, branchial organ; e, stolon

prolifer and embryonic chain
; f, ovary (?) ; g, anal aperture. (After Milne-Edwards.)

able organ, the stolon prolifer, the existence of which is to be detected

in the isolated SalpsB even while contained in the body of their conca-

tenated parent ; it then appears a slender filament, derived by one

extremity immediately from the heart of the embryo Tunicary ; after

birth, however, its growth increases apace in proportion to the develop-

ment of the continual succession of progeny to which it gives origin.

The reason of the immediate connexion between the stolon prolifer and

the maternal heart appears to be this, that, the newly formed offspring

being entirely dependent for support upon the blood of the parent, it is

2 M 2
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so situated in order to secure a free supply of the vital fluid, which is

thus injected into its vessels immediately by the heart's action. Two

vessels traverse it throughout its entire length—one derived from the

anterior extremity of the maternal heart, and the other from its opposite

cud ; so that the blood supplied to one of these vessels by the con-

traction of the heart is returned by the other ; and when the contrac-

tions of the heart become reversed, as we have seen is continually the

case, by this arrangement the circulation in these vessels is readily

adapted to the change. It is from the surface of the stolon* that the

generation of concatenated Salp® sprout, in two parallel rows, appearing

in rapid succession like so many little buds, which, as their growth

advances, gradually assume a similar form and structure ; and as suc-

cessive groups become mature, detaching themselves from the nidus

where they had their birth, they swim away united in long chains, the

links of which are joined together after the fashion of the species. On

examining one of these chains of concatenate Salpae, the individuals

composing it are found to be united to each other not by any organic

coalescence, but by special organs and facets of attachment, frequently,

but improperly, described as suckers, the position of which varies in

different species in accordance with their mode of aggregation. It

would appear, from the observations of M. Krohn, that the concate-

nated SalpJB cannot spontaneously detach themselves from each other,

and that, when individuals are met with swimming free, their separation

from the chain is always to be ascribed to accidental violence ;
he even

thinks that concatenation is so essential to the existence of the animals

that they soon perish if separated from the rest.

CHAPTER XIX.

CONCHIFERA (Lamarck).

AcEPHALES TESTACES (CuTier). Lajiellibranciiiata (Huxley).

(1294.) The great majority of Mollusks which inhabit bivalve sliells

constitute a very numerous and extensive class, distinguished by certain

characters possessed by them in common . Encased in dense and massive

coverings of such construction as to preclude the possibility of their

maintaining more than a very imperfect intercouse with the external

world, and deprived even of the means of communication with each

other, we might naturally expect their organization to correspond m its

* This stolon musfc be regarded as the Sirobila produced by a process of internal

gemmation, which remains concealed in the Scolcx (tlie isolated Salpian).
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general feebleness with the circuinscribed means of enjoyment and

limited capabilities of locomotion aUotted to them. Numerous species,

indeed, are from the period of their birth firmly fixed to the rock which

gives them support, by a calcareous exudation that cements their shells

to its surface, as is familiarly exemplified in the case of the compion

Oyster—or else, as the Mussels, anchor themselves securely and im-

moveably by unyielding cables of their own construction. The Scallop,

unattached, but scarcely better adapted for changing its position, rudely

flaps together the valves of its expanded sheU, and thus by repeated

jerks succeeds in effecting a retrogressive movement ; while the Cockles,

destined to burrow in the sand, are furnished with a tongue-like foot,

by which they dig the holes wherein they lie concealed, and crawl, or

even leap about, upon the shore. Many, as the Pliolades, penetrate the

solid rocks and stones, and excavate therein the caverns that they in-

habit—or, in the case of the Teredo, with dangerous industry bore into

the bottoms of ships or submerged wood of any description, and silently

destroy by their insidious ravages the piers or dykes which human

labour has erected.

(1295.) Following our usual custom, we shall select for examination

one of the most simi^ly organized bivalves for the purpose of illustrating

Fig. 394.

PectenJacohcBa: a, A, lobes of the mantle; fi,.?, brancliiallamellte J ?jmo\itli; A'.lips; c, adductor

muscle, which closes the shells; i, "foot;" c/, yisccral mass, principally filled with ova ; 11,01

convolutions of intestine, seen through the transparent tegumentary membrane; m, anal oriBoe.

the general structure which characterizes the class ; and in the common

Scallop (Pecten Jncohcea) wc have a species well adapted to exhibit the
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principal features of their economy. On separating the two valves of

the shell in the animal before us, we at once perceive that each is

lined internally with a thin and semitransparentmembrane (fig. 394, a, 7i),

which, like the shells, encloses the body of the mollusk in the same way
that the leaves of a book are contained between its covers. The circum-

ference of these outer membranes, which form the mantle, is, in this

case, quite free and unconnected, except in the immediate vicinity of the

hinge that unites the two valves. The borders of the mantle are

thickened, and surrounded with a delicate fringe of retractile filaments
;

they moreover present a decidedly glandular appearance, and secrete

colouring-matter of varioiis tints, similar to those seen upon the exterior

of the shell : the glandular margins of the mantle form, in fact, the

apparatus by which the extension of the shell is effected ; and by them

its outer layer is secreted, and in many cases painted with gorgeous

hues, as will be explained more at length hereafter.

(1296.) Between the lobes of the mantle are seen the branchiae (6, g),

always consisting of four delicate leaves, composed of radiating fibres

of exquisite structure, and generally attached to the circumference of

the body by their fixed extremities, but elsewhere perfectly free, so as

to float loosely in the water, which finds free admission to them. The

mouth (Z) is situated between the two inner laminae of the branchiae, in

a kind of hood formed by the union of the gills at their origin ; it is a

simple orifice, without any kind of dental apparatus, but bordered by

four thin and membranous lips (/c) placed on each side of the aperture.

(1297.) The valves, which are opened by the elasticity of a com-

pressible ligament interposed between them at the hinge, are closed by

the contraction of a powerful muscle (c), which passes directly from one

to the other; and around this adductor muscle the viscera of the body

are disposed : the stomach, liver, and generative system are imbedded in

the mass d e f; the convolutions of the intestine may be traced occa-

sionally (n, o) ; and the termination of the rectum (m) is visible exter-

nally, situated upon that side of the adductor muscle which is ojDposite

to the mouth. In the neighbourhood of the oral aperture is placed a

retractile fleshy organ (i), which, although in Pecten it exhibits very

rudimentary dimensions, expands in other species to such a size as

richly to merit the name of foot usually applied to it.

(1298.) Whoever for a moment reflects upon the arrangement of the

branchial apparatus, and the position of the oral orifice, consisting, as it

does, of a simj)le aperture unprovided with any prehensile organs, must

perceive that there are two circumstances connected with the economy

of a Conchiferous Mollusk, and those not of secondary importance, by no

means easily accounted for. It is, in the first place, absolutely essential

to the existence of these animals that the element in immediate contact

with the respiratory surfaces should be renewed as rapidly as it becomes

deteriorated ; for suffocation would inevitably be the speedy result of an



INTEENAL ANATOMY OP THE OYSTEE. 535

inadequate supply of fresh and aerated water-to secure which, espe-

ciaUy when the valves of the sheU are closed, no adequate provision

seems to exist. Secondly, it is natural to inquire, how is food conveyed

into the month ? for in an animal itself fixed and motionless, and at the

same time, as in the case of the creature we are now considering, quite

deprived of any apparent means of seizing prey, or even of protruding any

part of its body beyond the margins of its abode in search of provision,

it is not easy to imagine by what procedure a due supply of nutriment is

secured. Wonderful, indeed, is the elaborate mechanism employed to

effect the double purpose of renewing the respired fluid, and feeding the

helpless inhabitant of these sheUs. Every filament of the branchial

fringe, examined under a powerful microscope, is found to be covered

with countless cHia in constant vibration, causing by their united

efforts powerful and rapid currents, which, sweeping over the entire

surface of the gills, hurry towards the mouth whatever floating animal-

cules or nutritious particles may be brought AvitHn the limits of their

action, and thus bring streams of nutritive molecules to the very aper-

ture through which they are conveyed into the stomach,—the Ups and

labial fringes acting as sentinels to admit or refuse entrance, as the

matter supplied be of a wholesome or pernicious character. So energetic,

indeed, is the ciliary movement over the entii'e extent of the branchial

organs, that, if any portion of the giUs be cut off with a pair of scissors,

it immediately swims away, and continues to row itself in a given direc-

tion as long as the ciUa upon its surface continue their mysterious

movements.

(1299.) Our next investigations must be concerning the internal

anatomy of the Conchipekous Mollusca. In the Oijster, the general

disposition of the body resembles that of the Pecten described above ;

and the mouth, enclosed between two paii's of delicate lips, occupies a

similar position at the termination of the branchial lamellae. In this

well-known mollusk the oesophagus is extremely short, so that the

mouth appears to open at once into the stomachal cavity (fig. 395, a),

which is imbedded in the substance of the liver (cZ)—the biliary se-

cretion being poured into the stomach itself through several large orifices,

represented in the figure. A very peculiar arrangement exists in the

stomachs of many genera—the digestive cavity being prolonged in one

direction, so as to form a lengthened csecum, or blind sacculus, wherein

is lodged a cartilaginous styliform body, the use of which is not easy

to conjecture, although its oflace is no doubt connected in some way or

other with the preparation of the food. The liver is proportionally

of large dimensions, and is at once recognized by its greenish or, in

some cases, dark chocolate colour ; it is entii-ely separable into masses

of secerning follicles loosely connected together by a delicate cellulosity.

The intestine varies considerably in extent, and, as a necessary conse-

quence, in the arrangement and number of its convolutions. In the
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Fig. 395.

Oyster it is comparatively short, bouding twice upon itself, and wind-
ing around the stomach and abductor muscle {l> c d f)—its tennina-

tion {fj) projecting between the folds of the mantle upon the opposite

side of tlio body to that

Avhere the mouth is

situated, and so dis-

posed that excremen-

titious matter is cast out

beyond the influence of

the ciliary currents. In

Fecten we have already

noticed that it per-

forms sundry gj^rations

through the visceral

mass, as well as about

the muscle that closes

the sheU (fig. 394, c,

n, m), while in the

Cockle-tribes it even

penetrates the base of

the foot and "winds ex-

tensively through its

muscular substance (fig.

400). In the greater

number of the Conchi-

fera, but not iu the

Oyster-tribe, there is a

very remarkable circumstance connected with the course of the in-

testine, the object of which is involved in obscurity : the rectum, at

some distance from its termination, passes right through the centre of

the ventricle of the heart, its coats being tightly embraced by the

muscular parietes of that viscus.

(1300.) The position of the branchise in the Ostreaeean family has

been already described ; it therefore now remains to notice their inti-

mate structure and the arrangement of the vessels connected with

I'espiration and the cii'culation of the blood. The branchial fringes are,

of course, essentially vascular in their composition, being, in fact, made

up of innitmerable delicate parallel vessels enclosed in eelliilar tissue of

extreme delicacy, and exposing a very extensive surface to the influence

of the respired medixim. The countless branchial canals through which

the blood is thus distributed terminate in large vessels enclosed in the

stems to which the fixed extremities of the vascular fringe are attached

(fig. 396, /, g, h, ?) ; these communicate extensively with each other, nnd,

ultimately uniting in two principal trunks (e, Ic), pour tlie purified blood

d(;nvcd from the whole branchial apparatus into tlic auricle of the heart.

Alimentary canal of the Oyster ( Oslrea edulis) : a, the sto-

mach laid open ; d, the liver : b c d f, oonTolutions of the in-

testine; c/, anal aperture; n, o, auricle and ventricle of the

heart ; I hi, adductor muscle ; h, k, lobes of the mantle, divided

to show the large venous canals at the base of the branchite.
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(1301.) The heart in the Oyster (fig. 395, n o) is situated in a cavity

between the folds of the intestine and the adductor muscle, in which

position, from the dark-purple colour which it exhibits, it is at once

distinguished. It consists, in the species we are more particularly

describing, of two distinct chambers—an auricle and a ventricle. The

aiiricular cavity (fig. 396, h),

the walls of which arc ex-

tremely thiu, and composed of

most delicate fasciculi of mus-

cular fibres, receives the blood

from the respiratory apparatus,

and by its contraction trans-

mits it through two interme-

diate canals (c) into the more

muscular ventricle {d), whence

it is propelled through the body

by the ramifications of the ar-

terial system {n, o, p).

(1302.) The above descrip-

tion of the circulatory apparatus

as it exists in the Oyster is

applicable in all essential points

to every family of Conchiferous

MoUusca ; but there are im-

portant modifications in the

structure of the heart and

of the

Fig. 396.

arrangement
Heart and respiratory system of the Oyster : or, por-

blood- tion of the mantle ; 6, aviriele, and <i, ventricle of the

, , . T.rf' ^
heart; m, n, t, /, veins bringing the blood from the

vessels, met with m ditierent body to the brancUas; e,.?, a. principal trunks return-

genera, which now demand '^''''l?^"^^'-' '
_

aorta, giving oii arteries to the viscera.

our attention. Most generally,

in consequence of the broad and dilated form of the animals, instead

of a single auricle, such as the Oyster has, there are two aiu-icular

cavities, one appropriated to each pair of branchial lamella?, and placed

symmetrically on the two sides of an elongated fusiform ventricle, into

which both the auricles empty themselves ; still the course of the blood
is similar to what we have described above.

(1303.) A stiU greater modification is found to exist in those species

most remarkable for their breadth. In Area, for example, there are

not only two auricles, but two ventricles likewise, placed upon the
opposite sides of the body ; that is, there is a distinct heart appropriated

to each pair of gills—each receiving the blood from the brancliiiB to

which it belongs, and propelling it, through vessels common to both
hearts, to all parts of the system.

(1304.) We must now, before entering upon the description of other
families of CoNcniPERA, examine the character of the locomotive appa-
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ratus with wliicli those possessed of the power of moving about are

furnished. The instrument employed for this purpose is a fleshy organ

appended to the anterior part of the body, called the foot : but of this

apparatus, for obvious reasons, no vestige is met with in the fixed and

immoveable Oyster ; and even in the Scallop we have seen only a rudi-

ment of such an appendage. When largely developed, as in Mactra

(figs. 397 & 398), the foot forms a very important part of the animal,

and becomes useful for various and widely different purposes. In

structure it almost exactly resembles the tongue of a quadruped, being

entirely made up of layers of muscles crossing each other at various

angles—the external layers being circular or oblique in their disposi-

tion, while the internal strata are disposed longitudinally. In the

Cockle-tribe (Cardium) this organ attains to a very great size ;
and on

inspecting the figure given in a subsequent page, representing a dissec-

tion of the foot of Cardium rusticum (fig. 401), the complexity of its

muscular structure wiU be at once evident, and the disposition of the

several layers composing it more easily understood than from the most

elaborate verbal description.

(1305.) Diverse are the uses to which the foot may be turned. It is

generally used for burrowing in the sand or soft mud ;
and, by its con-

stant and worm-like action, those species in which it is largely deve-

loped can biuy themselves with facility, and make their way beneath

the sand with a dexterity not a little remarkable. Perhaps the most

efficient burrowers met with upon our own shores are the Eazor-shells

(Solenidce), in which family the fleshy foot attains to enormous propor-

tions ; and the rapidity of their movements beneath the soil wiU be

best Appreciated by those who may have watched the manner in which

the fishermen effect their capture.

(1306.) The Solen excavates for itself a very deep hole in the sand,

boring its way by means of its foot to a depth of some feet, and remains

concealed in this retreat, usually occupying a position within a few

inches from the surface. The fisherman, armed with a slender u-on

rod furnished with a barbed head, resembhng a harpoon, treads care-

fully backwards over the beach left bare by the retreating tide, and

finds the hole in which a Solon lodges by watching the little jet of

water thrown out when, being alarmed by the shaking of the sand, it

contracts its body. Guided by the orifice through which the water is

thrown he plunges his rod . into the sand, and generaUy succeeds m

piercing the animal with the barbed extremity, and dragging it from

its concealment; but should he fail in his first attempt, he well knows

that to try again would be unavaiHng, for the creature instantly works

its way down to such a distance as to render pursuit hopeless.

(1307 ) ]3ut, however efficient as a means of burrowing the foot may

be, it can be turned to other purposes. The Pholades, for example, by

some means (either of a mechanical or chemical nature) not as yet pre-



FOOT—SECEETION OF BYSSUS. 539

cisely determined, excavate the solid rocks, and form therein chambers

in which they pass their lives. In such genera, the foot, which would

be useless as a boring instrument, by being simply transformed into a

broad and flat disk becomes a powerful sucker, whereby the Pholas

fixes itself to the walls of its apartment in any convenient situation.

(1308.) In many of the Cockle-tribe we find the foot converted into

an instrument of locomotion of a very singular description, enabling them

to leap by bounds we should scarcely expect animals so unwieldy to be

capable of executing. Por this purpose the end of the foot is bent, and

placed firmly against the plane of support, in the position represented

in fig. 395 ; when thus fixed, a sudden spring-like action of the muscles

of the foot throws the cockle into the air ; and by a repetition of these

exertions the creature can skip about with surprising agility.

(1309.) But the most extraordinary office assigned to the foot is the

manufacture of horny threads, whereby, as by so many anchors, the

Mollusca thus provided fix themselves securely to foreign bodies, and
that so firmly that extraordinary violence is requisite to wrench such

animals from the place where they have fixed their cables. The marine
Mussel is a well-known example of a byssiferous MoUusk ; and from
this species, therefore, we shall draw our description of the organs by
which the tough filaments referred to are secreted.

(1310.) The foot in the Mussel is of small dimensions, being useless

as an instrument of progression. By its inferior aspect it gives attach-
ment to the horny threads of the iyssus, which are individually about
half an inch in length, or as long as the foot itself by which they are

formed. The manner in which the manufacture of the byssus is

accomplished is as follows :—A deep groove runs along the under surface
of the foot, at the bottom of which thin horny filaments are formed by
the exudation of a peculiar substance, that soon hardens and assumes
the requisite tenacity and firmness. While still soft, the Mussel, by
means of its foot, applies the extremity of the filament, which is dilated
into a kind of little sucker, to the foreign substance whereunto it wishes
to adhere, and fastens it securely. Having accomplished this, the foot
is retracted

;
and the thread, of course being drawn out of the furrow

where it was secreted, is added to the bundle of byssus previously
existing, all of which owed its origin to a similar process.

(1311.) Sometimes, instead of the numerous thin filaments met with
in the Mussel, the byssus consists of a single, thick, horny stem ; while
in other cases, as, for example, in Pinna, the threads are so numerous,
soft, and delicate, that they are not unfrequently spun like silk, and
manufactured into gloves and other small articles of di'ess not unfre-
quently met with in the cabinets of conchologists.

(1312.) Taking a more general view of the Conchiferous Mollusca
than we have hitherto done, we shall now proceed to consider the
mechanism for opening and closing the valves of the shell in which
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they reside,—an operation efFcctod in a very simple and elegant

manner.

(1313.) The shells are connected posteriorly by means of a hinge,

difterently constructed in different species. In the Oyster we have an

instance of the most simple kind of junction. In these Mollusca, a

mass of elastic ligament, composed of perpendicular and parallel fibres,

is interposed between the posterior edges of the shell, and so disposed

that, by closing the shell, the ligamentous mass is forcibly compressed,

while at the same time its resiliency is such that, immediately the

compressing power is withdrawn, it expands, and thus forms a simple

spring calculated to keep the valves apart and cause their separation

to a greater or less extent.

(1314.) The antagonist to this elastic force is the adductor' muscle

(fig. 394, c), a fleshy mass of very great strength, the fibres of which

pass directly from one valve to the opposite. The adductor muscle,

although in this case single, consists of two portions of different texture

(fig. 395, I, m) ; so that it would appear to be formed by two muscles

closely approximated so as to compose a single powerful mass adapted

to keep the valves in contact, with a force proportioned to its massive

size. All those species having a single muscular mass, such as the

Oyster and Pectcn, have been grouped together by conchologists under

the general name Mokomyakia* ; while another and more numerous

division, DiMTAHiAt, is characterized by having two adductor muscles,

distinct and widely removed from each other. The Mussel-tnbe and

many others are examples of this arrangement, which is represented m
subsequent figures.

(1315.) Simple as the structure of the hinge is in the Ostreacea, m

other bivalves it frequently exhibits far greater complexity, and the

opposed valves present prominent elevations and deep fossae which lock

into each other, and thus form a very secure articulation of great strength

and soHdity. In such cases the arrangement of the elastic hgament for

opening the valves is slightly modified, being placed externally instead

of within the sheU, but its action in antagonizing the adductor muscles

is still equally efftcacious.
_

(1316 ) We must, in the next place, solicit the attention of the reader

to a verv' important subject connected with the economy of this class

of MoUusks, viz. the growth and formation of their shells. Infimtcly

diversified are the forms presented by their testaceous valves and

equally various the colours which not unfrequently adorn their externa

surfaces. Some exhibit a beauty and delicacy of sculptui-e of mos

exquisite character ; others, covered with large spines, or festoon ol

:alcareous plates, puz.le the beholder to comprehend ^o^o^^ o

such parts in the situations which they occupy, can be effected with so

* uuvos, single ; fivs, a muscle.

i Sis, twice; /uf-s, a muscle : = having two mivscles.
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much regularity of arrangement. The shells themselves are permeated

by no vessels, and are consequently as incapable of expansion by any

internal power as the rocks to which they are not uncommonly attached

;

so that the young naturalist is necessarily at a loss to conceive either

the mode of their formation, or the origin of aU the gaudy tints and

external decorations that render them the ornaments of our cabinets.

(1317.) The simple apparatus by means of which shells are con-

structed is the external membranous layer that invests the body of the

moUusk—the mantle, as it has been termed ; and whatever the form

of the shell, it owes its origin entirely to this delicate organ.

(1318.) In order to simplify as much as possible our description of

the process whereby the shell is formed, it will be necessary to consider

it under two points of view :—first, as relates to the enlargement of the

valves in length and breadth ; and secondly, as regards their increase

in thickness,—very different parts of the mantle being employed in the

attainment of these two ends.

(1319.) It is the circumference, or thickened margin, of the mantle

alone which provides for the increase of the shell in superficial extent.

On examining this part (fig. 394, h ;
fig. 395, e), it is found to be of

a glandular character, and moreover not imfrequently provided with a

delicate and highly sensitive fringe of minute tentacula. Considered

more attentively, it is seen to contain in its substance patches of dif-

ferent colours, corresponding both in tint and relative position with

those that decorate the exterior of the shell.

(1320.) "When the animal is engaged in increasing the dimensions of

its abode, the margin of the mantle is protruded, and firmly adherent

all round to the circumference of the valve with which it corresponds.

Thus circumstanced, it secretes calcareous matter, and deposits it in a

soft state upon the extreme edge of the shell, where the secretion

hardens and becomes converted into a layer of solid testaceous sub-

stance. At intervals tliis process is repeated, and every newly formed

layer enlarges the diameter of the valve. The concentric strata thus

deposited remain distinguishable externally; and thus the lines of
ijrowtli, marking the progressive increase of size, may easily be traced

(fig. 397).

(1321.) It appears that at certain times the deposition of calcareous

substance from the fringed circumference of the mantle is much more
abundant than at others : in this case ridges are formed at distinct

intervals ;
or, if the border of the mantle at such periods shoots out

beyond its usual position, broad plates of shell, or spines of different

lengths, are secreted, which, remaining permanent, indicate, by the

interspaces separating successively deposited growths of this description,

the periodical stimulus to increased action that caused their foi'mation.

(1322.) Whatever thickness the shell may subsequently attain, the
external surface is thus exclusively composed of layers deposited in
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succession by the margin of the mantle
;
and, seeing that this is the

case, nothing is more easy than to understand how the colours seen

upon the exterior of the shell are deposited and assume that definite

arrangement characteristic of the species. We have already said that

the border of the mantle contains, in its substance, coloured spots

;

these, when minutely examined, are found to be of a glandular cha-

racter, and to owe their peculiar colours to a pigment secreted by them-

selves. The pigment so furnished being therefore mixed up with the

calcareous matter at the time of its deposition, coloured lines are formed

upon the exterior of the shell wherever these glandular organs exist.

If the deposition of colour from the glands be kept up without remis-

sion during the enlargement of the shell, the lines upon its surface are

continuous and unbroken ; but if the pigment be furnished only at in-

tervals, spots or coloured patches of regular form, and graduaUy in-

creasing in size with the growth of the mantle, recur in a longitudinal

series wherever the paint-secreting glands are met with.

(1323.) The carbonate of lime (for such is the earth whereof the

shells of bivalves are principaUy composed) is, at the moment of its de-

position, imbedded in a viscid secretion that forms a kind of cement

;

and on dissolving the shell in a dilute acid, the animal material thus

produced remains in the shape of a delicate ceUulosity, in the interstices

of which the chalky particles had been entangled. If the proportion of

the above-mentioned secretion be abundant, it not unfrequently, by

hardening on the exterior of the shell, constitutes what has been very

inaptly termed its epidermis, representing a comparatively soft external

skin of semicorneous texture. If exceedingly thick, the epidermic

layer thus formed becomes loose and shaggy, giving the shell an hirsute

appearance ;
but, both in its structure and origin, such pilose invest-

ment has no claim to be considered analogous to the hair of animals

possessing an epidermis properly so called,

(1324.) While the margin of the mantle is thus the sole agent m

enlarging the circumference of the sheU, its growth in thicJcnessh accom-

plished by a secretion of a kind of calcareous varnish, derived from the

external surface of the mantle generally, which, being deposited layer

by layer over the whole interior of the previously existing shell, pro-

gressively adds to its weight and solidity. There is, moreover, a re-

markable difference between the character of the material secreted by

the marginal fringe, and that furnished by the general surface of the

paUial membrane : the former we have found to be more or less coloured

by .elands appointed for the purpose, situated in the circumference of the

mantle ; but as these glands do not exist elsewhere no colouring-matter

is ever mixed with the layers that increase the thickness of the «heU,^ o

that the latter always remain of a delicate ^^te hue, and to the

well-known iridescent material usually distmguished by the name ot

nacre, or mother-of-pearl.
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(1325.) Local irritation of various kinds is found to stimulate the

mantle to increased action, so as to cause the pearly matter to be

secreted more abundantly at the part irritated. Thus there are various

minute boring Annelidans that, in the exercise of their usual habits,

perforate the shells of oysters, and penetrate even to the soft parts of

their bodies. Stimulated by the presence of these intruders, the mantle

beneath the place attacked secretes nacre in inordinate quantities to

repair the injured portion of the shell, and prominent nuclei are soon

formed, which, enlarging by the addition of continually added layers of

nacreous matter, become so many pearls adherent to the interior of the

shelly valves.

(1326.) Or pearls may owe their origiu to another cause. It not
unfrequently happens that sharp angular substances, such as grains of

sand or fragments of stone, are conveyed between the valves, and
become imbedded in the delicate tissue of the mantle. Thus irritated,

the mantle throws out copiously the peculiar iridescent material which
it secretes, and with it coats over the cause of annoyance, wrapping it in

numerous concentric laminje of nacre, and thus forming the detached
and globular pearls so valuable in commerce,

(1327.) One other circumstance connected with the growth of bivalve

shells requires explanation. From the earliest appearance of the shelly

valves until the period when the included mollusks arrive at their

mature size, the adductor muscle or muscles have been of necessit}^ per-
petually changing their position, advancing gradually forward as the
enlargement of the shells was accomplished, so as to maintain in the
adult precisely the same relative situations they originally did in the
young and as yet minute animal. Taking the Oyster for an example, it

is quite obvious that the adductor muscle, which at first was connected
veith the thin and minute lamellae forming the earliest shell, has, during
the entire growth of the animal, become further removed from the
hinge, and transferred from layer to layer as the shell increased in
thickness, till it has arrived at the position occupied by it in connexion
with the last-formed stratum that lines the interior of the ponderous
valves of the full-grown Oyster. The manner in which this progressive
advance of the adductor muscle is effected is not at first easily accounted
for, seeing that it is always fixed and firmly adherent at all points of its

attachment. In order to understand the circumstances connected with
its apparent removal, it is necessary to premise that a thin layer of the
mantle itself is interposed between the extremities of the muscle and the
inner.surfacc of the shell, forming the bond of connexion between the
two, and, like the rest of the paUial membrane, assisting in increasing
the thickness of the shell by adding layers of nacre to its inner surface.
Particle after particle is laid on by a kind of insterstitial deposit between
the sheU and the extremity of the adductor muscle, but so gradually
that the firm attachment between the muscle and -the shell is not at all
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interfered with ; and tlie transference of the mnscle from layer to layer

as the animal grows is thus slowly and imperceptibly effected.

(1328.) We have as yet limited ourselves almost exclusively to a de-

scription of the simplest forms of Conchifera, namely those belonging

to the Ostreacean family, which, being generally incapable of locomotion,

are deprived of a foot, and are recognizable by having the two lobes of

the mantle unconnected with each other around their entire circum-

ference. On turning our attention to the organization of the mantle in

other families, we find that in them it no longer offers the same simple

arrangement, but, the two lobes becoming gradually more and more

completely united along their edges, the bodies of the moUusks are by

degrees enclosed by the pallial membranes, and seem, as it were, saccu-

lated. Sometimes, moreover, the mantle is prolonged into membranous

tubes of considerable length called sijplions, through which the water is

conveyed to the gills and excrcmentitious matters are expelled from the

body. In the Mussels (Mytilacea) the edges of the mantle are partially

joined, so as to present two apertures, through one of which the foot is

protruded, while the other, the smaller of the two, gives issue to the

excrement. A third family ( Ghamacea) has the circumference of the two

di\isions of the mantle still more intimately united, leaving three di-

stinct fissures—one for the passage of the foot, another for the entrance

of water to the branchiae, and a third for the ejection of matter from the

rectum. Of these, some arc of gigantic dimensions, and fix themselves

by a strong byssus. One species, indeed {Tridacne gigas), is so enormous

in its size that its shells alone not unfreqnently weigh upwards of two

hundred pounds ; and hatchets are employed to chop its thick and ten-

dinous cables from the rock to which it holds.

(1329.) The Coclde-family (CarcUacea) is recognized by having the

mantle open anteriorly, but prolonged at one extremity into two tubes,

Fig. 397.

Maclra : a, foot; h, c, eiphons formed by the mantle.

„„„ of which admits the water for respiration , while the other discharges

effete matter. In the Cocldo (Cardium) the tubes ore short, and scarcely
one
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Pig. 398.

reach beyond the shell (fig. 399, a) ; but in other genera, as, for example,

Mactm (fig. 397, h, c), they are of snch a length that, when extended,

they protrude to a considerable distance. We at once perceive the use of

the tubular arrangement of the mantle here referred to, when we reflect

\ipon the already mentioned habits of this extensive division of the Con-

CHiPERA, and consider hoAV, by means of their largely developed foot,

they burrow into the sand or mud of the shore. Had their mantle been

open, like that of the Oyster,

resj)iration would have been

impossible under the cir-

cumstances in which they

live; but, by the modifi-

cation of structure thus pro-

vided, their tubes being pro-

longed to the mouth of the

excavation wherein they

reside, water is freely ad-

mitted to the branchiae

thi-ough one of the passages

so formed, and excrement

ejected through the other

(fig. 398).

(1330.) AYhoever watches

these siphoniferous bivalves

in a living state will readily

appreciate the importance

of the pallial prolongations

forming this tubular appa-

ratus ;
especially if minute

floating particles are placed

in the water wherein they

are confined. It will then

be perceived that powerful

currents are perpetually

rushing through the ex-

tremities of each siphon,

caused by the rapid action of cilia placed within ; and the streams thus
produced not only form a provision for constantly changing the water in

which the branchite (fig. 398, g) are immersed, but forcibly convoy
floating molecules to the apertui-e of the mouth, which is situated in

the position indicated in the figure by the letter 7i, and thus supply
abundance of nutritive materials that could, apparently, in animals so
destitute of prehensile organs, have been procured by no other con-
trivance.

(1331.) The last family of this class includes those s])ocicvs which.

Mactra: a,b, siphons; e. Iuiiko; c, d, adductor muscles;

/, foot.

2 N
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like the Pholas and Teredo, bore in stone or wood, or, like the Solen,

penetrate deeply into the sand. In snch, the mantle is prolonged into

terminal tubes of great length, and their shells remain always open at

the extremities : these constitute the division to which Cuvier has ap-

plied the name " Enfermes," on account of the very complete union of

the two sides of the mantle ; and from such forms of Conchifeea the

transition to the Ttjnicata, described in the last chapter, is by no means

difficult.

(1322.) In animals circumstanced as the Conohifeba, it would be

vain to expect any high development of the nervous system, or senses of

an elevated character ; nevertheless a few small ganglia are perceptible

in different parts, and nervous threads of extreme tenuity are seen to

arise from them and to be distributed in various directions.

(1333.) One pair of ganglia, in the Dimyaria, is easily distinguished,

occupying the ordinary position of the brain, namely above the oeso-

phagus. Hence is derived a supply of nerves to the sensitive labial

appendages, to the oral orifice, and other neighbotiring parts. Two

other ganglionic masses, of larger size than the brains properly so

called, are placed near the posterior retractor muscle ; and a fifth smaU

ganglion, in those species provided with siphons, is found in the vicinity

of the breathing-tube, the muscular walls of which receive nerves from

this source.

(1334.) In the Monomyaria the nervous centres are more feebly de-

veloped, and the posterior ganglia proportionately smaller than those

found in species possessed of two adductor muscles.

(1335.) In the ScaUops (Pecten) the edges of the mantle are studded

with numerous pearl-like points, interspersed among the retractile ten-

tacula placed around its circumference. These, which are represented

in the figure of Pecten already given (fig. 394), are considered by Poll*

to be so many distinct eyes thus singularly situated ;
and, from the

circumstance of their being furnished with so many organs of vision, he

applied the name of Argus to the mollusca possessing them. Should the

briUiant specks in question be really ocelli, they certainly are placed in

the only position where they can be efficient as instruments of sight, in-

asmuch as the margin of the mantle is, in such animals, the only portion

of the body capable of being protruded beyond the boundaries of the

shell to a sufficient distance to aUow the creature to peep into the world

around it.

(1336.) The elaborate researches of M. Siebold have demonstrated

the existence of another sense in the Conchiferous Mollusca, namely

that of hearing—or at least have pointed out the presence of an organ

which, from its structure, seems to be appropriated to the reception of

sonorous impressions. This remarkable apparatus is situated m the

* Testacea utriusque Siciliae, eoviimqne Historia et Anatome
:
3 vols. (ol.
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foot, and is thus described* by its discoverer as it occurs in Gyclas

cornea :
—" On compressing the extremity of the foot of this species

between two plates

of glass, we bring

into view a large

central nervous gan-

glion ; and on each

side of this there is a

minute round reser-

voir, composed of an

elastic, opaque, and

tenacious substance.

In the centre of this

is contained a per-

fectly transparent cir-

cular and flattened

nucleus, which floats

disconnected fi'om the

sides of the body that

contains it, and has

an oscillatory move-

ment. This nucleus

appears to consist of

a crystaUine salt."

(1337.) The ovary

is generally a wide

glandular sacculus,

occupying a consider-

able portion of the visceral mass. In the Oyster, when full of spawn,
it is largely spread through the body ; and if at such seasons its deli-

cate waUs are ruptured, countless ova of microscopic dimensions escape

from the lacerated part. In Pecten the ovary is very conspicuous, from
the briUiant colour of the eggs contained in its interior; it constitutes

the greater part of the bulk of that prominent tongue-like organ which
projects between the branchiae (fig. 394, /) : or in genera where the
foot is very largely developed, as in Gardium rusticum, a great part of

the base of that organ is hollowed out into a capacious cavity, enclosed

by its muscular walls, wherein the delicate folds of the ovarium
(fig. 400, a) are partially imbedded, together with a portion of the
intestinal canal (c).

(1338.) In almost all the LameUibranchiate Acephala there is

situated on each side of the body, near the insertion of the brauchia;,

between the abdomen, the posterior muscle of the valves, the heart, and
the liver, a gland, of a brown colour, which, from its discoverer, has

* Ann. dcs Sci. Nat. n. s. toni. ix.

2 N 2
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or sac of Bojaniis*,

Fig. 400.

the nature ofreceived the name of the organ

which has long been a

puzzle to comparative ana-

tomists. It seems to be

intimately in relation with

the reproductive apparatus,

the excretory canals of

which always open either

into its interior or in its

immediate vicinity. This

organ is always readily re-

cognizable. On separating

the branchial lamellse after

placing the bivalve upon

its back (that is to say,

upon that part of its cir-

cumference in which the

hinge is situated), the

student will observe on

each side of the visceral

mass an oblong body of

variable tint, the shape of

which depends more or less

upon that of the animal.

(1339.) The structure

of this gland is rather com-

plicated, its interior being

made up of numerous cavi-

ties communicating with

each other. Its relations

with the generative system

present themselves under

three aspects : sometimes

the reproductive glands

open immediately into its

cavity ; sometimes the two

open externally by a com-

mon orifice ; and sometimes

two distinct orifices, more

or less separated from each

other, belong to each of the

glands. The circulation

through this remarkable viscus is of a venous character, and represents

* « M6m. sur I'Organe cle Bojanus," pur Dr. H. Lacaze-Dutliiers (Ann. dcs Sc.

Nat. 1855).

Cockle (Cardium itisHcion), showing tlie foot divided

longitudinally to exhibit its muscular structure and a

portion of the ovary and intestine enclosed m its base

,

b, branchiffi.
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a portal system : hence it has been alternately regarded as a respiratory

organ, a testicle, and a urinary apparatus ; its real office, however, is

still problematical.

(1340.) On throwing injection into the genital orifices*, the sexual

Fig. 401.

Gland of Bojanua.

glands become tinged ; and on examining fragments of such genital

glands microscopically, the injected substance may be seen mixed with

the ova and spermatozoa. These facts may be observed with special

ease in the common Cockle (Cardium edule).

(1341.) Sometimes the ova may be seen actually laid by living fe-

males of Modiolce and Mytili, one of the valves of whose shell has been

removed, on irritation of the genital orifice ; and in others, the ova or the

spermatic fluid may be made to pass out of their orifices at the breeding-

season by pressing gently upon the foot. In Sjjondylus gaderopm,

the genital orifice is situated in the sac of Bojanus, where the eggs may
occasionally be seen issuing forth, in aspect like a thread of vermicelli,

composed of reddish ova mixed with mucus.

(1342.) "When we consider the position of the ovary in these bivalves,

placed as it is in the substance of the body, and reflect upon the immense

number of eggs to which they give birth (for thousands of ova are

generated by every one of these proKfic beings), we perceive that, with-

out some special provision, the imprisoned animals would, when gravid,

be seriously inconvenienced and exposed to continual danger, as the inor-

dinate enlargement of the ovary would preclude the possibility of bringing

the valves of the shell into contact with each other. In order to obviate

the difficulty referred to, the ova are expelled from the ovarian nidus in

an immature condition, and complete their growth in a situation where
they are ditfused over a larger surface, so that the shells can be closely

* Vide memoir by Dr. H. Lacaze-Duthiers, Ann. cles Sci. Nat. 4<= s^r. t. ii.
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approximated ; and, moreover, the eggs and their contained offspring

are by this contrivance freely exposed to the influence of the medium

around, so as to allow a kind of respiration to be enjoyed by the un-

hatched young. The situation chosen is the branchial fringes, over

Fig. 402.

1. Oyster {Ostrea edulis), showing the ramifications and excretory duct of the generatiTe

system : a.mantle ; 6, branchiae ; c, veins at the base of the gills ;
d, adductor muscle ;

e, ovary.

2. Sperm-cells. 3. Secerning culs-de-sac from an individual almost entirely male. 4. Sperma-

tozoids, magnified. 5. Ovum envelojjed in its capsule.

which the imperfect spawn, or spat, as it is technically termed, is found

widely spread towards the close of gestation, still retained beneath the

shelter of the shell of the parent, and thus preserved from destruction ;

but at the same time, being in such a position freely washed by the

ciliary currents, the respiration of the included embryo is adequately

provided for.

(1343.) In the large branchial laminae of the freshwater Mussel, it

is to be remarked that both pairs consist of an intertexture of vessels

arranged in a rectangular lattice-work, and covered by a delicate mem-

brane, whilst the two external are distinguished by a structure which

merits particular description. Above each external lamina of the gills

is a duct proceeding from the posterior part of the foot towards the anal

tube, long ago described as an oviduct by Oken, and having, on its

lower surface, a long row of openings placed transversely, and forming

the entrances to the ceUs or compartments of the giUs themselves.

These compartments are all arranged vertically in the giU, and, separated

from each other by partitions, they appear as though they originated

from the mutual recession of the two membranous surfaces of the giU,

which remain connected only by the vertically disposed vessels that

give rise to the septa ;
they serve for the reception of the ova, which,

coming from the ovary placed within the foot, a.nd not by any menus in
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the gill itself, are, however, lodged there, and there receive their fui'ther

development as in a uterus.

(1344.) The marine Conchifera, after they are hatched, undergo a

very decided metamorphosis. On leaving the egg they present them-

selves under the appearance of a ciliated larva, which at first is quite

shelless, but which at a later period is furnished with a bivalve shell,

and acquires a ciliated apparatus, somewhat resembling that of a Hotifer.

This apparatus can be protruded or retracted at the pleasure of the little

animal, which is, moreover, possessed of a "/ooi," often very long and

moveable, by the aid of which it can crawl upon a solid surface as well

as swim freely in the water, although subsequently it becomes im-

moveably fixed to a rock, like the Oyster, or imprisoned at the bottom

of a hole of its own excavation, as the Teredo. In freshwater species,

such as the Anodon, this kind of locomotive machinery does not exist

;

as a compensation, however, it is provided with a very remarkable

structure, by which it is enabled securely to close its shell and thus

prevent the intrusion of disagreeable visitors. Each valve at this

period is of a somewhat triangular shape, and presents at its summit

a long flexible piece siu-mounted by strong denticulations arranged

quincuncially. Special muscles acting upon these pieces bend them

inwards, much as the blade of a pocket knife closes upon its haft ; and

the teeth, fitting in between each other, effectually defend the abode of

the young bivalve. Presenting one or other of the above modifica-

tions, the young of the Conchifera, on leaving the egg, become lodged

between the branchiae or within the folds of the mantle of their mother,

and thus protected await their metamorphosis. The period having arrived,

they lose their transitory organs and assume the permanent characters

of the species to which they belong, sometimes appearing to be raised

a few degrees in the zoological series, sometimes to be debased to a lower

station than they occupied at first. In the first of these categories we
find the Anodons, which become provided with a foot ; in the second,

the Oysters and Teredos, which lose all capability of stirring from the

same spot.
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CIIAPTEll XX.

BEACHIOPODA* (Cuvier).

PALMOBRANCHIATAt (OwCn).

(1345.) The next class of Mollttsca which presents itself for our con-

sideration was named by Cuvier on account of the remarkable character

of the organs by means of which the animals composing it procure the

food destined for their support. These instruments consist of two long

spiral arms placed on each side of the mouth, that in many species can

be unrolled to a considerable length, and protnided to some distance

in search of aliment. The above character, however, taken by it-

self, would scarcely warrant us in regarding the creatures before us as

forming a separate class of Mollusca ; but when, in addition to this

remarkable feature in their organization, we find that they possess a

respiratory apparatus peculiar to themselves, and differ widely from all

other bivalves in almost every part of their structure, we feel httle

hesitation in continuing to regard them as distinct, and devoting the

present chapter to an investigation of their anatomy.

(1346.) The Brachiopoda inhabit bivalve shells, and for the most

part are suspended by a fleshy tubular pedicle, resembling that of the

Cirripeds, to various submarine bodies. Such, at least, is the case in

Lingula and Terehratula ; but in the third genus belonging to this class,

namely Orhicula, the pedicle is wanting, the lower valve of the shell

being fixed immediately to the rock whereunto the animal is attached.

(1347.) The shells of the Brachiopoda are formed upon two plans-

one having the valves articulated, the other having them unarticulatedt-

Those with articulated valves (Waldheimia) have the hinge generaUy

furnished with teeth and corresponding sockets, which so lock the

valves together that their movements are very limited. In the unarti-

culated forms (Lingula) the valves do not move upon each other, for

when open no part of their margins are in contact. The two divisions

of the Brachiopods thus indicated wiU be found to be still more marked

in their internal organization.

(1348.) The muscular system in the Brachiopods is very complicated,

and pecuhar in its arrangement. Five or six pairs of muscles have

been described in the Terebratulid£e, aU of which have relation to the

* l^paxiiov, an arm ; ttovs, ttoSos, a foot.

t pallium, a mantle ;
brancMm, gills. This name, originally proposed by M. do

Blainville notwithstanding his belief that the spiral arms were the organs of respi-

ration, has since been proved by the researches of Professor Owen to be strictly ap-

propriate to the class.
-ci t> o /-ni i

t
" On the Organization of the Brachiopoda," by Albany Hancock, t.Kb. (1 liu.

Trans. 1858).
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movements of the valves upon each other, or to their attachment to,

or movements upon, the pedicle. Thus the muscles naturally divide

themselves into two groups, the valvular, and those for adjnsting the

shell upon its pedicle. Of the former there are three pairs, which

have been denominated respectively " adductors," " cardinals," and

" accessory cardinals." Of the latter there are likewise three pairs,

which have been designated the " dorsal pedicle-muscles," the " ventral

pedicle-muscles," and the " capsular muscles ; " the capsular muscles,

however, are generally blended into one.

(1349.) On separating the testaceous valves, the body of the Bra-

chiopod is found to be enclosed between two delicate membranes, which

exactly line the shell ; and to these membranes, as in the case, of other

mollusks, the name of mantle has by common consent been appropriated.

The mantle itself is thin and semitransparent ; but its margins are

thickened, and fringed with delicate setoe.

(1350.) When the two lobes of the -p\g. 403.

mantle are widely divaricated, as in Lin-

gula (fig. 403), we perceive the prominent

orifice of the mouth (h) placed deeply

between them : on each side of the mouth

are the two fleshy fringed arms, which in

this case can be protruded to a distance out

of the shell, and, as Cuvier * supposes, may
act as oars, and thus enable the animal

slightly to alter the position of its body ; or

else, as they are most probably delicate

organs of touch, they may perform the

ofiice of highly sensitive tentacula.

(1351.) In Terebratulapsittacea the arms

are enormously developed, fringed upon
,1 • .

-X
• L p J Lingida, with the yalves sepa-

their outer margins, and quite free, except ^^te^. „^ pallium or mantle;

at their origins : when completely con- *he mouth. (After Cuvier.)

tracted, they are disposed in six or seven

spiral folds ; and when unfolded, they extend beyond the shell twice

its longitudinal diameter. The mechanism by which they are unfolded

is described by Professor Owenf as being simple and beautiful. The
principal stem of each arm is hollow from one end to the other, and

contains a fluid, which, being acted upon by the spirally disposed muscles

forming the parietes of the canal, is forcibly injected towards the extre-

mity of the arm, and the organ is thus expanded and protruded outwards.

(1352.) In Terebratula chilensis, on the contrary, the movements of

the arms are extremely limited, and they can no longer be protruded

from the shell as in the preceding species, being connected throughout

* Memoire sur I'Animal de la Lingulc."

t Transactions of the Zoological Society, vol. i.
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their Avhole length with a peculiar complex testaceous apparatus attached

to the internal surface of the imperforate valve of the shell (fig. 404, u),

the arrangement and uses of which are thus described in the memoir

A B
Valves of Terebratula chilensU, showing the internal framework. (After Owen.)

above-mentioned :—The principal part of the internal frame^vork alluded

to consists of a slender flattened calcareous loop (//), the extremities

of which are attached to the lateral elevated ridges of the hinge : the

Fig. 405.

Lateral view of the viscera of Waldheimia auMralis: a, dorsal surface of the animal; b, its

ventral surface; d, d', the arms or braohia, folded in a spiral; c, /, brachial sinuses; g, grooved

ridge of brachium
;

h, sheath of transverse portion of calcareous loop ; i, j, k, I, I', muscles for

closing and opening the shell; m, peduncle; ji, peduncular capsule; o, peduncular muscle ; p, (Eso-

phagus; q, stomach, with terminations of biliary ducts, exhibited by removing the left lobes of the

liver; r, right lobes of the liver; s, intestine; f, n, mesenteric attachments of the viscera; v, the

right oviduct ; iv, the heart ; x, y, pallial vessels ; z, cosophageal ganglion. (After Albany Hancock.)

crura of the loop diverge, but again approximate each other as they

advance for a greater or less distance towards the opposite margin of

the valve ; the loop then suddenly turns towards the imperforate valve,
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and is bent back upon itself for a greater or less extent in different

species. The loop, besides being fixed by its origins, or crura, is com-

monly attached to two processes (jl cl) going off at right angles from the

sides, or formed by a bifurcation of the extremity of a central process

(c), which is continued forwards from the hinge ; but it is sometimes

entirely free excejjt at its origins. The arches of the loop are so slender

that, notwithstanding their calcareous nature, they possess a slight

degree of elasticity, and yield a little to pressure. The interspace

between the two folds of the calcareous loop is filled up by a strong but

extensile membrane, which binds them together, and forms a protecting

wall to the viscera ; the space between the bifurcated processes in

T. chilensis is also similarly occupied by a strong aponeurosis. In this

species the muscular stem of each arm is attached to the outer side of

the loop and the intervening membrane. They commence at the pointed

processes at the origin of the loop, advance along the lower portion,

turn round upon the upper one, are continued along it till they reach

the transverse connecting bar, where they again advance forwards, and

terminate by making a half-spiral twist in front of the mouth.

(1353.) The most obvious function attributable to the tentacular

organs of the animals composing this class is connected with the pro-

curement of food ;
for, being deprived of prehensile instruments, with-

out some adequate contrivance these helpless creatures, imprisoned in

their testaceous covering, and fixed immoveably in one locality, would
be utterly unable to obtain the nourishment necessary for their support.

The provision for this purpose is

found in the arms, whether they be

extensible or attached to calcareous

loops ; for these organs, being covered

by cilia, produce powerful currents

in the surrounding medium, which,

being directed towards the mouth as

to a focus, hurry into the oral aper-

ture whatever nutritive particles may
chance to be in the vicinity. The

mouth itseK is a simple orifice with

prominent fleshy lips (fig. 403, b),

but unprovided with any dental ap-

paratus. The alimentary canal in

Lingula is a long and convoluted

tube, but without a perceptible sto-

machal dilatation ; in Terehratula,

however, there is a large oval

stomach (fig, 406, a, d), into which

numerous ducts derived from the hepatic follicles open by large orifices.

The structure of the liver in these animals is displayed by Professor

Fig. 406.

Digestiye apparatus of Terebratula.

A.: a b d e f, the alimentary canal ; e,

the hepatic caeoa. B: hepatic follicles,

magnified.
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Owen in the memoir from wliich the annexed figures are taken ;
and

the simplicity of its organization affords aa interesting lesson to the

physiologist. The hepatic organ (fig. 406, a, c) consists essentially of

numerous secerning cocca (fig. 406, b), as yet easily separable from

each other ; over which the visceral blood-vessels ramify, and bring

to the secreting sacculi the circulating fluid from which the bile is

elaborated.

(1354.) Minute animal and vegetable organisms appear to be the

chief food of all the Brachiopods, perhaps the only food of the articu-

lated species. In the latter, siliceous cases of the Diatomacece are almost

always found, and sometimes in abundance. Lingida, however, appears

to be a more general feeder, its intestine frequently containing a great

variety of matter.

(1355.) The greatest peculiarity observable in the structure of the

Brachiopoda is seen in the arrangement of the respiratory system ;
for

these animals, instead of possessing proper branchial organs, as is the

case with all other Mollusca, have the mantle itself converted into a

respiratory surface, and traversed by the ramifications of large blood-

vessels, which form an elaborate arborescence spreading through its

texture, so that it is obviously well adapted to perform the office assigned

to it, more especially as its circumference is thickly studded with vibra-

tile cilia, disposed in such a manner that by their ceaseless movements

they impel continued supplies of aerated water over the whole of this

vascular membrane. The lobe of the mantle which lines the perforate

valve of Terehratula cJii-

lensis (fig. 407, c) contains

four large longitudinal ve-

nous trunks or sinuses (m,

m) ; and two others of

similar dimensions are seen

in the opposite lobe (a).

These sinuses take their

origin by innumerable ra-

dicles from a circular canal

of great delicacy which en-

compasses the entire cir-

cumference of the mantle

(rZ).

(1356.) A heart is pre-

sent in all the Brachiopoda;

and when in an expanded

state, it is of considerable size. In the articulated species, it is appended

to the middle line of the stomach, and projects freely into the perivisceral

cavity, reaching down almost to the anterior margin of the oviducts.

Its walls, when expanded, though rather thin, are firm, and do not

Pig. 407.

Vascular system of Terebraiula chileneis: a, c, the

mantle; circular canal encompassing the margin of

the mantle ; /, g, h, muscles of attachment ; k, brachial

fringes ; m, in, m, m, large venous trunks in the mantle.
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collapse. They are composed of two layers, the inner of which is di-

stinctly muscular, the fibres running in various directions, but princi-

paUy radiating from centres : the outer layer is transparent and homo-

geneous ; the interior is devoid of columna) carnese, and perfectly smooth.

When this organ is in a contracted state, its size is very much reduced,

the surface is slightly wrinkled, and the walls are much thickened,

(1357.) This unilocular heart, in Waldheimia australis (fig. 405, w)^

receives a large blood-channel or vessel in front, which, running for-

wai-d along the dorsal ridge of the stomach, within the membrane

denominated mesentery, communicates on either side by several minute

openings with the gastric lacunce, which will be more particularly

noticed hereafter. The anterior extremity of this channel passes down

the dorsal surface of the oesophagus, and, dividing into two lateral

trunks, opens at each side into a system of large lacunoe placed around

the alimentary tube. This channel is the afierent cardiac channel or

branchio-systemic vein.

(1358.) A little behind the point where the heart receives this

channel, two aortic vessels pass off laterally. The two orifices communi-

cating with these vessels are guarded by sphincter valves, resulting

apparently from the protrusion inwards of the lining membrane, Erom

these vessels numerous branches are given off to. supply the difierent

viscera. The peripheral portion of the circulation is composed of an

extensive system of lacunae or blood-channels, originally described by

Professor Huxley, which, when the specimen is in good condition, are

easily traceable, the channels or spaces being then, for the most part,

filled with blood-corpuscles,which give to the lacunae an opaque yellowish

hue, rendering them as distinct and sharp as though they had been in-

jected ; and as the circular points of union between the layers of mem-
brane forming their walls are transparent, and consequently liable to

appear of a darkish tint, they show like spots on a light ground, not

altogether unlike the markings upon a leopard's skin. In other lights,

the whole has a beautiful lace-like delicacy. These lacunae occasion-

ally assume a dendritic or branched character, particularly as they ap-

proach the margin of the mantle, where they become minute, and run

almost parallel to each other, forming minute twigs, which pass on to

the extomal circumference of the lobe.

(1359.) The inner lacunae, or those of the inner wall or floor of the

groat pallial sinuses, have a very different character
;
they resemble,

however, the lacunae in the anterior wall of the body, with which they

are in communication. They are in the form of numerous narrow

channels, which, anastomosing at various points, compose a network of

very long transverse meshes ; thus most of the channels cross the direc-

tion of the sinuses, and run parallel to each other. Hence it would seem

that the walls of the body and the laminae of the pallial lobes present

one great system of blood-channels or lacunae, the various parts of
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which freely communicate with each other, and surround all the viscera

of the body.

(1360.) The blood-system of the branchial apparatus next claims atten-

tion. This is beautifully developed, and presents considerable variety in

the plexuses of which it is composed. The walls of the great canal, the

ridge supporting the cirri, the membranes that unite the upper and lower

membranes of the loop, and that which connects the spirals, all have their

systems of lacunae, which intercommunicate and form the brachial system.

(1361.) Let us now proceed to follow the course of the blood through

this complicated vascular apparatus. It has been shown that the heart

is a simple unilocular pyriform vesicle suspended from the dorsal

aspect of the stomach, and projecting freely into the perivisceral chamber,

that there is neither auricle nor pericardium (unless the membrane which

closely invests it can be so called), and that it is hardly more complex, in

structure than the pulsatile vessel of the Tunicata
;
nay, in Lingula it

scarcely at all differs from the heart of those lowly organized moUusks.

This vesicle or heart propels the blood through four arterial trunks or
,

channels to the reproductive organs and mantle, and probably also to the

alimentary tube, and is apparently assisted by four or more pulsatile

vesicles in connexion with those principal trunks. The blood thus con-

veyed by the genital and paUial arteries will escape, by the lacunae in the

membranes suspending the genitalia, into the plexus in the floor of the

great pallial sinuses. Thence it wiU find its way into the outer lacu-

nary system of the pallial lobes, and into that of the dorsal and ventral

walls of the body, as well as into the lacunae of the anterior parietes.

(1362.) Having saturated all these parts of the peripheral system, it

will divide itself into two currents, one of which will set backwards in

the direction of the membranous bands connecting the alimentary tube

to the parietes, and wiU flow through their channels into the system of

visceral lacunae, which encircle the alimentary canal, within its sheath,

and which probably carry blood to the liver. This current will also

supply the lacimae nourishing the muscles. The blood thus directed

wiU reach the branchio- systemic vein, either by the great oesophageal

lacunte, or through the foramina which penetrate the sides of the channel

as it runs along the dorsal ridge of the stomach.

(1363.) The other blood-current wiU set forward in the direction of

the base of the arms, and some of it wiU pass into these organs through

their general system of lacunae; but the principal portion wiU be

carried by the afferent brachial canal to the extensive plexus of lacunar

in those parts, and will circulate in the walls of the great brachial canal.

The blood will then be drawn up one side of the cirri, through the

vessels (the afferent brachial arteries) originating in the great brachial

plexus, and, returning down the other, will be poured into the efferent

brachial canal, and thus reach the lateral efterent sinuses at the root of

the oesophagus. Thence it will enter the great oesophageal lacunaD,
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and, there meeting with the other current of returning blood from the

visceral lacunffi, will be carried to the heart by the branchio-systemic

vein along the dorsal aspect of the stomach. Thus it will be- seen that

the blood finds its way back to the heart in a mixed condition. That

which is conveyed by the gastro-parietal and other channels will be im-

perfectly aerated, having only flowed through the pallial membranes,

which must be looked upon but as accessory oxygenating agents. The

arms undoubtedly perform the office of gills, and are true respiratory

organs. The blood which circulates through them wiU consequently

be returned in a perfectly aerated condition, to be mixed, however, with

that in a less pure state from the visceral lacunae, before it enters the

heart. This mixed state of the blood is not by any means peculiar to

these animals ; for it obtains in many of even the higher Mollusks.

(1364.) As in aU. true Mollusks, the gangKonic centres are placed in

connexion with a nervous collar surrounding the oesophagus. In Wald-

heimia australis the collar is situated at the commencement of the ali-

mentary tube ; and there are five nervous centres, three of which, on

account of their superior size, may be assumed to be the principal cbso-

phageal ganglia, from which nerves are given off to supply the pallial

apparatus, the muscles, and the various viscera of the body.

(1365.) No special organs of sense have yet been observed ; indeed

sight, hearing, or smeU could be of little use to animals Uke the Bra-

chiopods, deprived of locomotion, and firmly fixed during the whole
period of their lives to one spot. Forbes and Hanley, in their ' British

MoUusca,' regard as ocelli and otolitic capsules certain red spots per-

ceptible, in some species, at the bases of the setigerous follicles ; but
these Mr. Hancock thinks are nothing more than glandular matter in

connexion with the growth of the setae.

(1366.) The Eeproductive system of the Brachiopoda has been mi-
nutely described by Mr. Albany Hancock in the memoir above quoted. In
Waldheimia australis the generative organs consist of thick bands some-
what convoluted and ramified

; they are of a full yellow colour, and are

lodged in the trunks and main branches of the great pallial sinuses.

There are four of these bands, two in each lobe : those in the dorsal lobe

are single, and occupy the two outer or lateral sinuses, extending from
behind the attachment of the occlusor muscles to within a short distance

of the anterior margin of the mantle ; their posterior extremities reach
to the perivisceral chamber. The ventral pair extend as far forward as
the dorsal, and are double ; that is, each forms a loop, the free extre-
mities of which pass into the outer and inner sinuses of the same side

;

the looped portions He within the perivisceral chamber. These genital
bands are attached to the inner lamina of the mantle throughout their
whole extent by a membrane which, originating in this lamina, passes
into a groove extending along the under surface of the genital band.
The genital or pallial artery runs along the edge of this membrane, and
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has the reproductive organ developed arouud it. This is the most

obvious disposition of the parts, as apparent on a general examination ;

but on a closer inspection, there can bo but little doubt that these

organs are in reality developed between the two membranes which com-

pose the inner lamina of the mantle, and, causing the interior of these

to bulge out, become suspended, as it were, in the pallial siuus. Those

in which ova are deficient are generally supposed to be the male secreting

organ. The form, colour, and general appearance of these eggless bands

do not differ, however, from those charged with ova, and have very

much the character of undeveloped ovaries. The generative organs are

very perceptibly composed of two elements :—the yellow ovigerous sub-

stance, which forms the chief mass ; and a red material, which is distri-

buted over the siirface of the organ. When the organ is in a low state

of development, this red matter forms a narrow irregular cord, which

runs along the sides of the band, and is occasionally spread over the

surface in spots and blotches. When the ova are mature, this substance

can still be traced as small specks on the surface and throughout the

mass. From what will shortly be stated in regard to Lingida, it seems

probable that this red matter may prove to be the testis.

(1367.) In Lingula the reproductive organs are withdrawn altogether

from the mantle, and placed in the perivisceral cavity. They are very

bulky, occupying a large portion of the chamber ;
they lie for the most

part behind the liver, and surround the alimentary tube
;
they form four

irregularly lobulated branched masses, two above and two below the

tube ; these pairs may be denominated the dorsal and ventral ovaries.

When in a highly developed state, the lobes or branches insinuate them-

selves between and around the muscles, so that it is almost impossible to

trace the relation of these organs to other parts ; but when immature it

is very easy to do so. The dorsal ovaries are then found to be sus-

pended by the ilio-parietal bands, the ventral by the continuation of

these bands along the pseudo-hearts or oviducts. In both cases the at-

tachment is along the margin of the bands, between the two layers of

which they would seem to be developed. In Lincjula the red substance

alluded to above forms a dendritic or branched organ, spread over the

external surface of the ovarian masses. On examining a portion of this

branched organ under the microscope, it is found to be composed of

large irregular cells, somewhat elliptical in form, and closely resembhng

tho^'se of the red substance in connexion with the ovaries in Wcddheimia.^

The cells, however, in Lingula appeared to present difierent stages ot

development, vaiying much in size and form; and some of them were

filled with numerous delicate hair-like bodies resembling spermatozoa.

From these facts it can scarcely be doubted that the dcndi'itic organ is

the testis, and that the fusiform cells are fully developed sporraatophoru

containing spermatozoids. It would thus appear that Linyula is andro-

gynous : and if the red matter in connexion with the generative organs
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in the ax'ticulated Brachiopods should prove to be the same as the den-

dritic organ in the former, then in them also the sexes are combined.

(1368.) Professor Owen su^jposed that the ova, when mature, escape

by the dehiscence of the pallial membranes. So long as no passage was

discovered leading externally from the perivisceral chamber, this could

be the only possible conclusion, but can now no longer be maintained >

for it has been ascertained that more than one such passage exists ; the

natural inference would therefore seem to be that the eggs will find their

way through these passages, which may consequently be looked upon as

oviducts.

(1369.) These curious organs were originally described by Cuvier as

hearts, in his weU-known memoir on Lingula anatina, and subsequently

by Professor Owen on the Brachiopoda generally
;
they open, however,

externally, and therefore can have nothing to do with the vascular system.

(1370.) In Lingula the oviducts are rather peculiar in form, though

essentially the same as in the articulated Brachiopods. They are two
in number, and lie to a great extent between the two layers of the ilio-

parietal bands, stretching along the lateral walls of the perivisceral

chamber from the front to behind the dorsal attachment of the adductor

muscles, and are so concealed by the viscera and muscles that very little

of them can be seen until these parts are removed. The expanded por-

tions open upwards and towards the lateral walls of the body, through
the processes of the ilio-parietal bands, close to the side-walls of the

chamber. They are of a yellowish colour, and terminate at the external

surface in two small diagonal slits, one a short way on either side from
the median line, a little below the mouth. The walls have a glandular
appearance, the inside being velvety from the numerous minute villi

which crowd the surface,

(1371.) Prom the nature of these organs, it seems probable that the
ova on their passage outwards may receive some external covering.
In two instances, in which the ova were mature, Mr. Hancock found
them in vast numbers strewed about the perivisceral chamber, and in
one of the oviducts several had penetrated nearly to the external orifice.

CHAPTER XXI.

aASTEEOPODA * (Cuvier).

(1372.) ExTENsrvELT distributed over the surface of the land, or in-
habiting the waters either fresh or salt, there exists a very numerous
body of Mollusca, differing widely among themselves in construction

* yaarrip, the belly
; irovs, a foot.

2 0



5(52 GASTEROPODA.

and habits, but distinguished by a peculiar locomotive apparatus com-

mon to the entire class, by means of which they are able to fix them-

selves to plane surfaces, and to move from place to place by a slow and

gliding motion. The Slug, the Snail, the Limpet, and the Whelk afford

familiar examples of their general form and external appearance ; but

species of different kinds are so common in every situation, that it

would be wasting the time of the reader to dwell at any considerable

length upon their ordinary configuration and usual mode of progression

.

(1373.) Many families of Gasteropoda (fig. 414) are absolutely de-

prived of any shelly defence, the investment of their bodies being en-

tirely soft and contractile. In others, as the Slug {Umax), a thin

calcareous plate is imbedded in the substance of their muscular covering.

This little shell is contained in a cavity within the mantle, and is quite

loose, and unattached to the walls of the cell wherein it is lodged. The

mode of its formation and growth is exceedingly simple, and from its

very simplicity is well calculated to illustrate the formation of shells of

more complex character. The floor of the cavity containing the cal-

careous plate is vascular, and secretes cretaceous particles mixed up

with a viscid animal secretion. The material thus furnished in a semi-

fluid state is applied like a layer of varnish to the lower surface of the

shell already formed by the same process ; and the added layer, soon

hardening, increases the thickness of the original plate, while at the

same time, as a necessary consequence of the progressive extension of

the secreting membrane, which enlarges with the growth of the Slug,

each successive lamina of shell is larger than that which preceded it.

Thus the extension of the shell in diameter, as well as its increase in

thickness, is easily explained. In these internal shells, however, there

is no colouring-matter ; so that they are uniformly white, and present

the same texture throughout.

(1374.) As external shells are generally painted upon their outer

surface with colours of different kinds variously disposed, in such the

process of growth is somewhat more compHcated, and in every essential

particular resembles that already described, whereby the shells of the

CoNCHiPERA are extended in size and thickness.

(1375.) We choose, as an illustration of the manner in which the

external shells of univalves are constructed, one of the least complex

forms, as being best adapted to elucidate this part of our subject. The

Patella, or common Limpet, is covered with a simple conical shell that

extends over the whole of the dorsal surface of the moUusk. The testa-

ceous shield that thus protects these animals is generally variegated

externally with sundry markings of diverse colours, while within it is

lined with a smooth and white nacre.

(1876.) On making a perpendicular section of one of these Gastero-

pods, the entire mechanism by which such shells are constructed and

painted is at once rendered intelHgible. The whole of the back of the
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animal covered by the shell is invested by a membranous mantle, like

that of the conchiferous mollusk ; but different parts of this mantle are

appointed to different offices.

The extension of the shell is

entirely effected by the margin

of the mantle (fig. 408, 6),

which is thick, vascular, and

studded with glands appointed

to secrete the colouring mate-

rial that paints the exterior.

This thickened fringe of the

mantle is firmly glued to the

circumference of the opening of
fVio oVicllxT margin

;
c, orancmai iringe miernal nacreousthe shelly cone: the earthy layer of shell; .9, its external laminated layer.

matter produced by it is added,

layer by layer, to the edge of the shell ; and wherever coloured glands
are situated, this earthy secretion is coloured with a corresponding
pigment: in this manner is the shell gradually enlarged, and every
additional stratum of calcareous deposit is thus painted at the moment
of its formation.

(1377.) The growth of the shell in tliiclcness is a subsequent process.
After the formation of the outer layer {g) by the edge of the mantle,
the general surface of the pallial membrane (a) adds fresh lamina of
pearly matter (/) to the whole interior of the testaceous shield, and it

IS by the accumulation of such colourless depositions that the thickening
of the entire fabric is provided for.

Fig. 409.

(1378.) When the manner in which the Limpet constructs its habi-
tation is understood, the formation of a turbinated or spiral sheU is

2 0 2
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oxjilained with the utmost facility. On extracting a Snail from its

abode, all that portion of its body which was covered by the shell is

seen to be invested with a thin mantle (fig. 409, a) precisely analogous

to that of the Limpet : from this pallial membrane the nacreous lining

of the shell exudes. But around the aperture the mantle swells into a

thick glandular collar (6), correspondent in function with the margin of

the mantle in Patella, and in like manner provided with glands adapted

to furnish colouring-matter. From the collar, therefore, those layers

are secreted by which the extension of the shell is accomi^lished ; and

as the deposit is in this case far more abundant in one direction than in

another, the shell, as it expands, assumes more or less completely a

spiral shape. Wherever glands for secreting coloured pigment exist,

corresponding bands or coloured patches are produced as the layers of

growth are formed, and the exterior of the shell is thus painted with the

tints peculiar to the species.

(1379.) In many marine Gasteropods, spines and various external

processes are found projecting from the outer surface of the shell, the

production of which depends upon the shape of the margin of the mantle.

Let the reader imagine one of these ornamented shells to be trans-

parent, so as to permit the contained animal to be delineated in situ, as

in the annexed sketch of Fterocera (fig. 410) ; and the collar, which

Kg. 410.

Animal o{ Fterocera in situ : a, branchial chamber, showing the position of the branchial fringe ;

b, b, tentaculn; d, d, shell in outline; e, termination of intestine
; /, siphon; ff,

operculum.

forms the layers of growth, wiU be found to exhibit fringes or processes

precisely resembling those upon the shell itself. But it is only at in-

tervals that, as the growth of the mollusk proceeds, these pallial appen-

dages encase themselves in a calcareous covering, every such interval

being distinctly indicated upon the exterior of the shell by the spaces

between the successive rows of spinous projections that mark the

terminations of so many distinct periods in its formation : so that the



SPINES AND EXTERNAL APPENDAQES. 565

number of ridges or rows of spines is, of course, correspondent with the

age of the creature within.

(1380.) Several of the Pectinibranchiate genera are ijrovided with a

very complete defence against the assaults of foes that might attack

them while they are concealed in their habitations and, in such a

posture, necessarily helpless and incapable of resistance. The provision

for their protection is sufficiently simple : attached to the posterior

extremity of the body, which is the part last drawn into its abode, is a

broad horny or calcareous plate (fig. 410, g), called the operculum; this

is of variable dimensions in different species, but always accurately cor-

responding in shape with the contour of the mouth of the shell. By

this elegant contrivance a door is closely fitted to the aperture of its

retreat whenever the moUusk retracts itself within its citadel ; and thus

defended, it may safely defy external violence of any ordinary de-

scription.

(1381.) A most remarkable exception to the usual univalve con-

dition of the shells in the Gasteropoda is observable in one solitary

genus belonging to the Cyclobranchiate order. In Chiton (fig. 411)

Fig. 411.

CIdton : A, ventral ; B, dorsal aspect: a, branchial fringe ; c, flexible margin surrounding
the central plates of the shell.

we find, instead of a turbinated or shield-like covering formed of one

piece, a kind of armour composed of several distinct plates, arranged in

a longitudinal scries along the centre of the back, and overlapping each

other Hke the tiles of a house.
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(1382,) In those curious animals the wholo back is invested with a

dense leathery mantle of an oval form, and considerably more extensive

than the cavity containing the viscera. Where not covered by the

calcareous laminae, the exterior of the mantle forms a broad edge

variously sculptured in different species : but along its central part the

shelly plates, generally eight in number, are partially imbedded in its

substance ;
being, no doubt, secreted by the surface whereunto they are

attached. These moUusks, notwithstanding the singularity of their

covering, which almost reminds us of the armour of many Artioulata,

in their internal anatomy conform exactly to the type of structure

common to the Gasteropod order, and offer no peculiarities of organi-

zation worthy of special notice,

(1383.) Feeble and languid as are the sluggish movements of the

Gasteropoda, they nevertheless present to the eye of the anatomist a type

of organization considerably superior to any that we have had an oppor-

tunity of considering in such forms of the Heterogangliata as have

been described in the preceding chapters, From the superiorit}' of

their mode of progression, it is evident that they are adapted to enjoy

a less limited intercourse with external objects than even the most highly

gifted of the burrowing Conchifera ; and accordingly we find in them

a nervous system exhibiting a more complete development, senses of a

higher character, and, in the organization of their internal viscera, a

complexity of parts such as has not heretofore fallen under our notice

—every indication, in fact, that they are animals of a higher grade and

more elaborate structure. For instance, they exhibit a distinct head,

in which is lodged a supracesophageal ganglion of large proportional

size ; and upon the head are found retractile instruments of sensation

of peculiar structure, and not unfrequently perfectly formed organs of

vision.

(1384.) Let us, however, select one species for particular description;

and after having become acquainted with the details of its anatomy, we

shall be better prepared to examine such modifications of the various

organs as are found in other orders destined to exist under different cir-

cumstances.

(1385.) The common Snails {Helix) are weU known as far as relates

to their external appearance ;
and, insignificant as they might be thought

by those unacquainted with their habits, they not unfrequently become

formidable pests to the horticulturist, from the ravages caused by their

voracity. On examining a Snail more attentively, we find its body par-

tially enclosed in a thick muscular envelope composed of transverse and

longitudinal fibres, which, being unsupported by any skeleton, allows

the shape of the animal to vary at pleasure, as it is shortened or elon-

gated by the contractions of the muscles composing it. The foot, or

ventral disk, is equally composed of an interlacement of muscular fibres;

and not only does it form an extensive sucker, but by the successive
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action of various portions of its substance a slow and gliding progressive

motion is produced.

(1386.) From the head of the Snail when its body is expanded, as when

in the act of seekiiig food, four tentacula are protruded (fig. 409, c, d),

which, besides being exquisitely sensitive organs of touch, carry, at the

extremities of the superior pair, two minute but perfect eyes. When

the creature is at rest, the tentacula as well as the eyes are retracted

into the visceral cavity, by a mechanism hereafter to be noticed. A
large proportion of the viscera is enclosed in a turbinated calcareous

shell, of sufficient capacity to allow the whole body of the animal to be

withdrawn from observation and lodged in its interior.

(1387.) The mouth is situated upon the under part of the head, and,

when widely opened, exhibits a cutting instrument of singular contri-

vance. Attached to the upper part of the muscular cavity that con-

tains the oral apparatus, there is a broad horny plate, the lower edge of

which is fi-ee, very sharp, and slightly curved, forming, in fact, a knife

(fig. 409, /), admirably adapted to divide the leaves and soft parts of

vegetables when they are pressed by the action of the lips against its

cutting edge.

(1388.) The floor of the mouth is provided with a small cartilaginous

tongue, covered with delicate transverse striae caused by the presence of

innumerable microscopic teeth, and so disposed that by its movements it

is well calculated to assist in propelling the food into the oesophagus.

This remarkable organ, now generally denominated the " odontophore" *,

consists essentially of a cartilaginous cushion supporting an elastic strap,

which bears a long series of transversely disposed teeth. The ends of

the strap are connected with muscles that, by their alternate contrac-

tions, cause the tooth-bearing strap to work backwards and forwards, as

though over a pulley. The strap is thus made to act somewhat after

the manner of a chain-saw upon any substance to which it is applied,

the resiJting wear and tear of its anterior teeth being continually made

good by the incessant development of new teeth formed in a sort of sac

in which the hinder end of the strap is lodged. In addition to the

chain-saw-like motion, the odontophore would seem to be capable of a

licking or scraping action, whereby substances submitted to the oj)era-

tion of this wonderful instrument are speedily abraded and devoured.

(1389.) The oesophagus (fig. 412, e') is continued from the muscular

cavity (c') that encloses the dental plate, and soon dilates into a wide

stomachal receptacle (v, r), the posterior portion of which, when in situ,

is imbedded among the viscera contained in the shell ; but in the figure

all these parts are unfolded and separated from each other. At the

termination of the stomach, biliary vessels (c) are inserted, and the

intestine commences,—the latter being a simple tube («, e), intervolved

among the masses of the liver, nearly of equal diameter throughout,

* oSoiis, oSovTos, a tooth; ip6po9, a bearer: = tooth-bearer.
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and presenting internally neither valves nor any other remarkable
appearance. Externally the intestine is intimately connected with the
lobes of the liver, among which it lies imbedded, by means of a delicate

cellulosity and vascular twigs passing from one to the other. The anal
aperture (o), when undisturbed by dissection, is placed upon the right

side of the neck, in the immediate vicinity of the orifice (fig. 409, e)

that leads into the respiratory cavity.

(1390.) Two sets of auxiliary glands are subservient to digestion, the

salivary and the hepatic, both of which are of considerable size.

(1391.) The salivary glands are semitransparent, and of a whitish

colour
; they form two irregular broad ribands, which extend along the

sides of the stomach (fig. 412, v), spreading out so as to embrace a con-

siderable portion of its extent, and they are occasionally joined together

by intercommunicating processes. Two ducts, one derived from each

gland, run along the sides of the oesophagus, and open into that canal

close to the mouth.

(1392.) The Hver is of large proportionate dimensions, and is made
up of four lobes (fig. 412, h, d) of a dark-brown colour, and composed
of an infinite number of minute lobules, every one of which produces a

biliary vessel ; and these, joining continually with each other, form four

large hepatic ducts, one proper to every lobe of the liver. The four

hepatic duets ultimately iinite into one great central vessel (c), that

opens into the alimentary canal in the immediate vicinity of the pyloric

extremity of the stomach.

(1393.) The Order of Gasteropoda to which the Snail belongs is com-

posed of air-breathing animals ; and we must accordingly expect to find

these mollusca provided with a respiratory system specially adapted to

the mode of life to which they are destined. The mechanism adopted

is as foUows :—A capacious chamber, of a somewhat triangular form, is

placed beneath the dorsal surface of the body, and separated from the

visceral cavity by a broad muscular septum forming its fioor. Into this

chamber a wide orifice (fig. 409, e), situated upon the right side near

the margin of the shell, allows the atmospheric air to enter. The roof

of the respiratory cavity is covered with a most intricate arborescence of

blood-vessels (rudely sketched in fig, 412, Tc), in which the blood is freely

exposed to the air therein contained ; while the muscular floor, per-

forming alternate movements analogous to those of the human diaphragm,

continually draws in and exj^els the air, so as to ensure its constant re-

newal. The manner in which respiration is eff'ected, and the general

disposition of the circulatory apparatus, are therefore briefly this:—The

blood derived from all parts of the body is brought to the respiratory

chamber by large veins provided for the purpose ; arrived there, it is

dispersed through tlie countless ramifications of delicate vessels spread

over the entire roof of the breathing-cavity, and thus becomes exposed

to the purifying influence of oxygen. The renovated blood is then re-
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collocted by the largo pulmonary vein (7c) ; and being conveyed to the

heart, which is composed of a single auricle (7i) that communicates with

a strong ventricular cavity (g), it is propelled through the entire arterial

system derived from the aorta (/).

Pig. 412.

Anatomy of the Snail (Selix poinatia): a, intestine; 6 d, liver; c, bile-ducts; e, rectum;
/.aorta; .9, ventricle of the heart ; ft, auricle; t, sac of viscosity ; fc, jjulmonary vein ; Z, margin
of the collar of the mantle ; to, duct of the sac of viscosity; n, groove in which it terminates;
o, the anal oritlce; p, thickened portion of the testicle; g, oviduct; r, terminal end of the sto-
mach ; », ovary ; t, sperniutheea

; u, oviduct; v, stomach ; tr, matrix or enlarged portion of
the oviduct; x, salivary gland; 1/, slender portion of the testicle; r, whip-like part of the .

penis ; a', sac of the dart ; b', body of the penis
; c', muscular muss of the mouth

; d', common
'

generative sac ; e', cesophagus
; /' , inverted tentaoula.

(1394.) The whole of that part of the body of the Snail which is not
permanently covered by the shell is defended by a thick skin, the
surface of which is irregularly furrowed, and continually moistened by
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a viscid secretion that exudes from glands apparently imbedded in the

substance of the integument ; and the touacious slime so furnished, if

the creature be irritated, is poured forth in astonishing abundance,

(1395.) Nevertheless, besides the slimy material thus copiously sup-

plied by the tegumentary glands, there is in the interior of the animal

a special apparatus apparently destined to furnish a viscid fluid of a

similar character. The gland alluded to, called by Cuvier*, par excel-

lence, " the secerning organ of the viscosity," is in the Snail a triangular

sac (fig. 412, %) placed in immediate contiguity to the pericardium. On
opening it, it is found to be filled with an infinite number of very

thin laminae that adhere to the walls of its cavity by one of their edges,

and become joined to each other as if by communicating branches.

The excretory duct of this slime-secretor, which, we may observe, is

foimd to exist in many other genera of Gasteropods, accompanies the

rectum to its termination, where it opens externally in the immediate

vicinity of the orifice leading into the respiratory chamber.

(1396.) An organ, named by Swammerdam the " sacculus calcareus,"

has recently been supposed by Mr. Jacobson to perform the office of a

kidney. Chemical analysis of the matter secreted by this viscus has

led him to the discovery in it of uric acid, ammonia, or calcareous salt,

and water. He was unable to detect any trace of uric acid in any other

part of the animal; and as, in the superior animals, the kidneys are the

only organs which, in a state of health, secrete uric acid, and as the

calcareous sac of the Snails has many other anatomical relations with

the kidneys, Mr. Jacobson concludes that this sac represents the kidneys,

and must be so considered in all the MoUusca which possess itf.

(1397.) Before we enter upon a description of the somewhat complex

generative system of the Snail, it will be proper to advert to one or two

remarkable circumstances connected with the procreation of these sin-

gular animals. We must first premise that every individual is herma-

phrodite, and moreover presents a kind of hermaphroditism of the most

complete description, possessing elaborately constructed male and female

organs, which are distinct and separate from each other ;
but, never-

theless, the cooperation of two individuals is essential to the mutual

impregnation of both. The manner in which they copulate is not a

little curious, their union being accompanied by preparatory blandish-

ments of a very extraordinary kind, that to a spectator would seem

rather like a combat between mortal foes than the tender advances

of two lovers. After sundry caresses between the parties, during which

they exhibit an animation quite foreign to them at other times, one of

the snails unfolds fi'om the right side of its neck, where the generative

orifice is situated, a wide sacculus, which, by becoming everted, displays

a sharp dagger-like spiculum or dart attached to its walls. Having

* Hietoire dcs Mollusques—M6moire siir la Limaco cL le Colimas'on.

t Edinb. Journ. of Nat. and Googr. Science, iii. p. ^25.
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bared this singular weapon, it endeavours, if possible, to strike it into

some exposed part of the body of its paramoiu-, who, on the other hand,

uses every precaution to avoid the blow, by speedily retreating into its

shell. But, at length having received the love-inspiring wound, the

smitten snail prepares to retaliate, and in turn uses every effort to

puncture its assailant in a similar manner. The darts are generally

broken off in this encounter, and either fall to the ground, or else

remain fixed in the wounds they have inflicted. After these prepa-

ratory stimulations, the snails proceed to more effective advances. The

sac of the dart is withdrawn into the body, and another sacculus is by a

like process protruded from the common generative aperture. Upon

the last-named organ two orifices are seen, one of which leads to the

female generative system, while from the other a long and whip -like

penis is slowly unfolded, being gradually everted like the finger of a

glove, until it attains the length of an inch or more ; and then each of

the two snails, by inserting its penis into the female aperture of the

other, impregnates its partner, and is itself impregnated at the same

time. Such is the peculiar manner in which the amours of snails are

conducted. Let us now examine the internal viscera connected with

the process.

(1398.) The sac of the dart first requires our attention. This viscus,

when uninverted (for it must be turned inside out in order to expose the

weapon within it), is a thick muscular bag (fig. 412, a') ; and on open-
ing it, it is found to contain the dart, attached to a nipple-like pro-

tuberance at the bottom of the sac. The dart itself is four-sided ; and
as it grows by the constant addition of calcareous particles deposited at

its base from the surface of the vascular protuberance to which it is

fixed, so, if broken off, it is speedily reproduced in a similar manner.

(1399.) The male part of the generative system is composed of a

testicle, vas deferens, and the whip-like penis above described.

(1400.) The testicle is considered by Cuvier* to consist of two distinct

portions :—one, a soft whitish oval mass (fig. 412, p) ; while the other

is elongated, thin, and granular (y), being imbedded among the convolu-
tions of the oviduct (w). The vas deferens forms the excretory duct of

both these portions, and terminates in the side of the penis, its orifice

becoming, of course, external when that organ is protruded by evolution.

The intromittent organ itself, as seen when lodged within the body of
the snail, consists of two parts, a muscular bag which forms its body (6'),

and a long whip-like portion (z) ; the latter is hollow, but not perfo-
rated. The reader will now have little difficulty in understanding how
this remarkable apparatus is protruded. The generative sac, common to

both the male and female organs, first becomes inverted ; the body of
the penis (b') then undergoes inversion in a similar manner, so that the
orifice of the vas deferens appears externally; and lastly the long

Loc. cif.
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appendage to the penis (2), being likewise turned inside out by tbc action

of tlio muscles that compose its waUs, completes this strangely con-

structed instrument. Its subsequent retraction into the visceral cavity

is eflfected partly by the assistance of a special retractor muscle, which

acts upon the body of the penis, but principally by the same contrac-

tility that accomplished its evolution.

(1401 .) The female system next demands our notice ; and this will

be found to present for our investigation an ovanj and lengthy oviduct,

to which are appended certain auxiliary organs, namely the ^ermatheca

and the multijid vesicles.

(1402.) The ovary (fig. 412, s) is found situated in the inmost re-

cesses of the shell, and partially imbedded in the substance of one of the

lobes of the liver. From the ovary a long oviduct {q) is derived, which

is at first thin and slender; but, soon becoming wider and more capacious

(m), it gradually expands into an extremely convoluted intestiniform

viscus, to which the name of uterus has been improperly given, and

ultimately terminates in a canal derived from the spermatheca, to be

described hereafter. It is during their passage through this enormous

oviduct that the eggs attain their fuU growth preparatory to their ex-

pulsion from the body.

(1403.) Another viscus, called by Cuvier simply " the hladder,^^ is,

from the constancy of its occurrence, evidently an organ of importance ;

and there seems to be little room to doubt that it is intended to be a re-

ceptacle for the seminal fluid, analogous in function to the copulatory

pouches we have already met with in Insects and some Crustacea. The

reservoir in question, which we have called the spermatheca (fig. 412, t),

is in the Snail placed above the stomach ; and the canal derived from it

accompanies the sacculated oviduct, which it ultimately joins near its

termination, in such a manner that the ova must pass the orifice of its

duct as they are expelled from the body. It must nevertheless be con-

fessed that the office here assigned to the " bladder" is rather probable

than positively estabUshed ; for in the Slug, so nearly aUied to the SuaU

in its general organization, the excretory duct of this organ opens into

the common generative sac by an aperture distinct from that which

leads into the oviduct, although even here the two are closely ap-

proximated. Cuvier suggests that perhaps it may furnish some material

useful in forming an envelope for the ova ; but experiments are still

wanting upon this subject.

(1404.) There is still another set of organs connected with the canal

by which the eggs escape from the oviduct of the Snail
:
and these,

although pecuUar to the genus we are examining, no doubt furnish a

secretion of importance to their economy. They are caUed the muUiJid

vesicles (fig. 412, y), and are composed of a series of branched cxca de-

rived from two excretory ducts, by which a milky fluid, secreted by the

cJEca, is poured into the egg-passage prior to its termination.
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(1405.) Although it will be convenient to speak in more general

terms concerning the nervous system of the Gasteropoda than the exa-

mination of a particular species would permit, we deem it necessary,

before closing our description of the Snail, to describe with some

minuteness the senses possessed by these terrestrial moUusks, and more

especially the extraordinary mechanism provided for withdrawing the

most important instruments of sensation into the interior of the body

when they are not in actixal employment.

(1406.) The sense of taste, judging from the structure of their

tongue, must be extremely obtuse ; and although these creatures are

evidently possessed of smell, it is not easy to point out where their olfac-

tory apparatus is placed. The eyes, however, are now found to present a

perfection of structure correspondent with the enlarged brain, and

occupy a singular position, being situated at the extremities of the two

superior tentacula appended to the head ; while the inferior pair,

adapted, as it would seem, more exclusively to the perception of tactile

impressions, are deprived of visual organs. Both the upper and lower

tentacula are retractile, and can be completely inverted, so as to be

withdrawn into the interior of

the body. To effect the in- Fig. 413.

version by which this end is

attained, the plan represented

in the accompanying figure is

had recourse to. Each ten-

tacle is a hollow flexible cy-

linder, the walls of which are

muscular, and composed of

circular fibres. When partially

retracted, as in the tentacle

marked (c) in the figure (fig.

413), the extremity of the

organ is drawn inwards, and

two cylinders are thus formed,

one within the other : if the

outer cylinder is elongated, as

in protruding the tentacle, it is

at the expense of the inner one

;

and, on the contrary, the inner

cylinder, when the organ is

retracted, is lengthened as the

other becomes shorter. To

evert the tentacle the contrac-

tion of the circidar muscles that form its walls is sufficient, as they can

gradually unroU the whole by squeezing out, as it were, the inner portion

;

but to effect its inversion a special retractor muscle is required. This

structure of the tentacles of the Snail : a, right in-

ferior tentacle retracted within the body; 6, right

superior tentacle fully protruded; c, left superior

tentacle partially inverted; d, left inferior tentacle;

e, cavity of partially inverted tentacle ; f, optic nerve
fully extended; g, retractor muscle; h, optic nerve
thrown into loose folds ; i, retractor muscles of the
head ; k, nerve and muscle of left inferior tentacle

;

I m, nervous collar.
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muscle (c/) arises from the general muscular mass composing the foot

and retractile apparatus provided for drawing the Snail into its shell

:

the long slip of muscular fibres so derived, accompanied by the optic

nerve (/), traverses the interior of the cylindrical tentacle quite to its

extremity, where it is attached, and thus, as the reader will easily con-

ceive, is quite competent to cause its inversion. The lower feeler (d)

is represented in the figure as partly retracted by the action of its

appropriate muscle (Ic) ; while the corresponding one (a), being com-

pletely turned inside out, is fully withdrawn and securely packed among

the viscera.

(1407). One circumstance connected with the contrivance above de-

scribed cannot but excite attention ; and this is, the peculiar arrange-

ment of the tentacular nerves, whereby they are adapted to changes of

position so extensive : the optic nerve (/), for example, must not be

stretched even when the eye-bearing tentacula are protruded to the

uttermost ; and in order to provide for this, when the feelers are not

extended, the nerves become thrown into close folds (7i), and lodged

within the cavity of the body.

(1408.) From the above somewhat lengthened account of the ana-

tomy of the Snail, the reader will at least have been able to become

acquainted with the general features of an organization which is more

or less common to all the members of the extensive class under consider-

ation. We must now, however, enter upon a more enlarged survey of

the Gastebopoda, and divide them into such groups as wiH facilitate

our further investigations concerning their structure and habits. The

most convenient character by which the dififerent orders composing the

class are distinguished has been found to be derived from the nature

and arrangement of the respiratory apparatus, which of course varies,

both in construction and position, according to the circumstances under

which particular tribes or families are destined to exist.

(1409.) We have already found that terrestrial species, such as the

Snail, breathe air, which is alternately drawn into and expelled from a

cavity lined with a vascular network ; and these, from the resemblance

between such a mode of breathing and that of animals possessed of

proper lungs, have been formed into an order distinguished by the name

of PuLMOBRANCHiATA. Nevertheless all the pulmobranchiate Gastero-

poda are not terrestrial ; our fregh .waters abound with various species

that respire air by a similar contrivance, and are consequently obliged,

in order to breathe, to come continually to the surface of the shallow

pools wherein they are found. The Planorhis and Limnceus are ex-

amples of this mode of respiration, and are met with in every ditch, where

they voraciously devour the subaquatic vegetables upon which they feed.

(1410.) Tt is at once evident that in marine Gasteropods, another

mode of aerating the blood must be resorted to, and branchioi, of some

description or other, substituted for a pulmonary cavity.
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(1411.) The branchife given for this purpose are variously constructed

—sometimes appealing as extensively branched and arborescent appen-

dages to the skin, or else they form broad and thin lamellae attached to

the exterior of the body ; but more frequently the respiratory apparatus

consists of vascular filaments arranged in a pectinated manner along a

fleshy stem. "V^Tiatever their form, however, their oflSce is the same,

namely to present a sufficient surface to the surrounding medium, in

order adequately to expose the blood that circulates abundantly through

them to the influence of oxygen.

(1412.) It is from the position and arrangement of the branchial

organs that the branchife-

rous Gasteropoda have been

classified by zoologists. Thus,

in the second order, called

from this circumstance Ntnoi-

BEAifCHiATA, they are naked,

and placed upon some part of

the back
; sometimes, as in

Tritonia, extending along its

entire length ; but in others,

as for example in Doris (fig.

414), they are confined to its

posterior part, and form a

circle around the anal orifice,

of exquisite beauty, not in-

aptly comparable to a flower

in appearance and disposition.

(1413.) In the Injfeeo-

BRANCHiATA the branchiEB re-

semble two long rows of leaf-

lets, placed on the two sides of

the body, under a projecting

edge formed by the mantle.

(1414.) The Tectibean-

CHiATA have respiratory or-

gans upon one side of the

body only, and concealed by
a flap derived from the mantle. Such, for instance, is the case with
Phurohranchus and Aphjsia, in the former ofwhich the elegant branchial
fringe is situated in a deep sulcus between the edge of the mantle and
the prominent margin of the foot (fig. 415, d).

(1415.) But by far the most numerous order of the marine Gastero-
poda (PECTiNiBKANcniATA), which iucludcs aU the inhabitants of spiral
univalve sea-shells, have their branchiro placed internally, in a capacious
cavity, into which the water is freely admitted (fig. 410, «). This
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cavity is situated in the last or widest turn of the shell, and communi-

cates with the exterior of the body by a very wide slit, to which in some

genera a long siphon (fig. 410, /), formed by a fold of the mantle or

Fig. 415.

Plmrobranchus : a, proboseidiform mouth ; 6, generative orifice; c, anal orifice ; i, branchia.

general covering of the animal, conducts the respired fluid. The

branchiae themselves, as the name of the order indicates, are pectinated,

and form a single, double, or triple series of gills suspended from the

roof of the branchial chamber,

answering the same intention as -^S* 416.

the pulmonary network of the

Snail, but deriving their supply of

air from the water in which they

are perpetually immersed. In the

figure referred to, representing a

species of Pterocera, the position

of the branchial chamber is seen

through the shell and mantle,

which the reader must suppose to

be transparent ; and the branchial

organ (a), in this case single, is

likewise represented m situ, sus-

pended from the roof of the cavity

that contains it.

(1416.) In fig. 423, the roof of

the respiratory cavity (x) has

been reflected, and the three rows

of branchial fringes (n) suspended therefrom are weU seen.

(1417.) A sixth order of Gasteropods has been formed by Cuvier under

the name of TuBrLiBBANCHiATA, remarkable for the shape of then-

shells, which are long and irregular tubes, usuaUy fixed to foreign

bodies; but still they have the earliest-formed portion twisted into a tew

spiral curves. To this order belongs Vermcius (fig. 416), the sheUs of

Vermetiis.
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which, agglomerated into masses, might be taken for those of certain

Serpulce. As locomotion is here out of the question, owing to the im-
moveable condition of the habitations of such genera, the foot would
seem at first to be altogether deficient, but upon close inspection it is

found to be converted into a fleshy organ that bends forward and pro-

jects beyond the head, where its extremity expands into a disk furnished
with a small operculum ; so that, when the animal retires into its abode,
a lid is formed adapted to close the aperture, and thus prevent intrusion

and annoyance from without. Nevertheless even in these the branchias

are pectiniform, forming a single row attached to the roof of a branchial
chamber.

(1418.) The ScTTTiBRANCHiATA likewisc have pectinated gills disposed
in a special cavity ; but their sheUs are very wide, and scarcely ever
turbinated—a circumstance which, combined with other features of
their economy, renders it convenient to regard them as forming an
order by themselves. An example of this group is found in the Sea-ear
{Haliotis) (fig. 419).

(1419.) An eighth division of this extensive class takes the name of
Ctciobran-chiata, because the branchiae form a fringe around the body
of the animal, between the edge of the body and the foot (fig. 408 c •

fig. 411, a).
KB

,

,

(1420.) Lastly, a distinct order has been established to embrace
certain families in which the foot is so much compressed as to constitute
a vertical muscular lamella, that presents merely a remnant of the

Fig. 417.

Pterolrachea: a, natatory foot : ft, probosaidiforra mouth; c, tentaclUa; d,branchi«; e heart-

{'iT \
^ ""rvous system; k, glandular saes

; m. musculkr baS'-
p, ovary

;
n, o, sexual orifices

; t, male gener.itive apparatus.
'

ventral sucker so characteristic of the entire class, and which can only
be serviceable in performing the office of a fin used in swimming

; hence

2 P
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tliGse moUusks have been called Hetebopoda. Their branchia; are

placed upon the back (fig. 417, d), and resemble small detached tufts.

The form of these heteropod Gasteropoda the reader will gather from

an inspection of the accompanying figure representing a species of

'Pterotrachea ; but the details connected with their anatomy, therein

delineated, wiU be explained hereafter.

(1421.) It would be useless to weary the student by describing the

course of the blood-vessels in all the orders we have just enumerated ;

their distribution necessarily varies with the changes observable in the

position of the branchisB ;
still, whatever the situation of the respiratory

organs, the general course of the circulation is the same, and essentially

simUar to what has been already described in the Snail: one or two

examples will therefore answer our purpose. In the Pectinihranclivcita,

as for instance in Buccinum (fig. 423), the heart (r s), enveloped in a

distinct pericardium, is placed at the posterior extremity of the branchial

chamber, and consists, as in all the Gasteeopoda, of two cavities-a

thin membranous auricle, and a more muscular and powerful ventricle.

It receives the blood from the organs of respiration by a largo branchial

vein (fig. 423, q), that communicates with the auricle (s). The con-

traction of the auricle forces the circulating fluid into the ventricle (r),

which in turn drives it into the aortic or arterial system of vessels

The aorta, in the case before us, divides into two principal trunks, of

which one (m) is directed forwards to supply the foot and anterior part

of the body, wHle the other {t) winds among the mass of ^^^cera con-

tained in the sheU, to which it distributes its ramifications. The blood

thus dispersed through the system is taken up by the commencements

of the veins, to be reconveyed to the brancH^, there to begin again

the circuit we have described.
i

(1422) When the branchiae are '
external, and largely distnbuted

over the surface of the body, as for instance in Tritonia, the purified

blood is brought from the branchiae to the heart by capacious vems

which run beneath each branchial fringe and collect it from the nume-

rous respiratory tufts ; or if, as in Doris (fig. 414). the branchi^_ encircle

the anus, a large circular vein placed at the base of the braiichial appa-

ratus receives the blood and pours it into the auricle. In all cases

however, the course of the blood is essentially the same, and the heart

IS «y«^temic._^^
tectibrancHate Gasteropods, the

branchi^ (fig. 418, a, h) consist of delicate lamellsB minutely subdi-

V ded Id the ves'seAo which brings the blood derived ftom aU par s

of the body to be distributed over the extensive surface thus formed

presents a structure of no ordinary interest to the pl^y-l^gist A

some distance before it arrives at the respiratory organs ^md^;
^^^^

two main branches ; and the coats of each vessel so formed appear to be

» Ouvier, M6moire Bur le Genre Aplysia.
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made up of transverse and oblique muscular bands that cross each other

in all directions, so as to leave between them very iDcrceptible apertures,

through which injections of any kind readily escape into the abdominal

cavity
; and, of course, fluids derived from the abdomen as easUy pene-

trate'into the interior of the veins. At some points, indeed, these veins

seem absolutely confounded with the visceral cavity—a few muscular

bands widely separated from each other, and not at all interrupting a

free communication, being alone interposed. The result of Cuvier's

anxious researches concerning this remarkable feature in the organiza-

tion of these MoUusca led him to the following important conclusions,

which are no doubt extensively applicable to the Gastekopoda gene-

rally :—1. That in Aphjsia there are no other vessels appointed to con-

vey the blood to the branchiae than the two above described. 2. That

all the veins of the body terminate in these two canals. Now, as their

communication with the abdominal cavity is evident and palpable,

whether we call them vence cavce, or cavities analogous to a right

ventricle, or branchial arteries (for it is manifest that they fulfil the

functions of these three organs), the inevitable conclusion is, that

fluids poured into the abdominal cavity can become directly mixed with

the mass of the blood and thus conveyed to the branchi®, and that the

veins perform the oflBce of absorbent vessels.

(1424.) This extensive communication is undoubtedly a first step

towards the establishment of that, still more complete, which nature

has established in Insects, where, as we have seen, there are not even

distinct vessels of any kind appointed for taking up the nutritive fiuid.

From these facts Cuvier concludes that no proper absorbent system

exists in the MoUusca, still less in animals inferior to them in the scale

of creation.

(1425.) The vein appointed to convey the renovated blood from the

branchiae to the heart, when slit open (fig. 418, d), exhibits the orifices

of the smaller vessels derived from the respiratory laminte arranged in

circles. The auricle of the heart is made up of reticulated fibres (e)

;

and when laid open it is seen to be be separated from the more muscular

ventricle {g) by a valve (/), whereby any retrograde movement of the

blood is prevented.

(1426.) In Aplysia, the arterial blood, having been distributed

throughout the body by means of the heart and aortic vessels, is received

into a capillary system, which forms a rich network composed of minute

vessels, the walls of which are perfectly distinct ; but these capillaries

are found not to be continuous with any system of recurrent vessels,

but gradually resolve themselves into little lacunte formed amongst the

interstices which occur between the bands of cellular membrane and

the fibres of various tissues. These vacuoles communicate in their turn

with larger lacunas, situated beneath the common integuments, or occu-

pying the interspaces between the muscular fasciculi of the fool, of the

2 p 2
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mantle, and of other parts of the body. The result of this arrangement

is the formation of a vast system of venous cavities, dispersed through-

out the abdominal parietes. In the foot and in the lobes of the mantle

these lacunro are very dilatable, and afford space for a considerable

accumulation of fluid ; in the dorsal region, on the contrary, they are

Fig. 418.

structure of the branchial vein in Aplysia: a, superior branchn«; 6, mfenor branch.^; c, root

ofbranS tufts; d, great branchial vein laid open, showing the onfices of smaller rems. au-

ricle of the heart/ laid^pen ; /, auriculo-ventricular valve ; g, interior of ventr.ele.

small and more densely congregated. It is this structure which con-

stitutes the aquiferous system of Delle Chiaje ; but it has no commu-

nication with the exterior of the body. The membrane which imper-

fectly lines the abdominal cavity separates this structure from the

visceral chamber, but does not cut off the communication that exists

between them ; on the contraiy, the peritoneal tumc is itself of a spongy

texture and is perforated with numerous apertures, whereby a free

passage is established between the subcutaneous lacuna and the interior

of the abdomen. In this way it happens that, when a coloured fluid is

iniected into the visceral cavity, the whole lacunary system becomes

filled- and on throwing injections, even of coarse materials, into the

muscular insterstices of the foot or mantle, they are at once seen to diffuse

themselves through the abdominal cavity.

(1427.) From the above and similar facts, Milne-Edwards has satis-

factorily established the foUowing important conclusions :—

1st That no complete vascular system exists in any of the Mollusca.

2nd That throughout a greater or less extent of the circulatory circle

veins are entirely panting, their functions being performed through the

medium of lacuna, or by the great cavities of the body

3rd. That frequently the veins are wanting altogether, and that n

such c;ses the bkod distributed through the body by the arterial syst.n

eaii only return to the respiratory surface by the intervention of the

interstitial lacuna; above described.
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C14'>8.) Professor Huxley, in a letter addressed to Trofessor Milne-

E^ a^d *, relative to the circulation of the blood, -press-
1^^^^^^^^^

very decidedly upon this important point in the anatomy of the Mol-

Zi tJiroi, one of Jhe Heteropod division, he observes that

^^ng t the perf;ct transparency of the body of th.s - "^^^^^
aHve nothing is more easy than to observe the circulation of the blood

throurout its entire course. In this creature no vans whatever are

ols^£^ The globules of the blood may be seen to issue m crowds

fr m he open termination of the arteries of the foot through the

sublnce of which they immediately become diffused, and may likewise

S observed to pass from the mass of the mouth, m which the aorta

terilates, directly into the periintestinal cavity, m which they may

heTen to 'return gently, frequently stopping in their course— h

heart. Occasionally some of them may be traced direct y nto the

auricle passing through the interspaces between the network of muscu-

irfibr;' 0^^^^^^^ its waUs t, in the meshes of which they may some-

Ws be observed to stop for a short period, men the animal begins

0 grow weak, and the cii'culation becomes enfeebled, itiseven possible

to follow with the eye any given globule during its passage thi'ough the

periintestinal cavity, and through the heart into the ^orta^

a429 ) In studying the anatomy of Hahotis, Milne-EdwardsJ ob-

served that, although injections thrown into the heart were easily made

to fill the general arterial system, so as to exhibit the arteries supphed

to the liver, to the stomach, and internal viscera generally, and also to

render visible even the capiUary vessels, in the head he invariably

found the injection extravasated so as to fill a great cavity, in which

were lodged the brain, the salivary glands, the pharynx, and all the

muscles belonging to the oral apparatus. At first it was supposed that

this extensive extravasation was caused by some rupture of the vascular

parietes • but after many unsuccessful attempts it was at last discovered

that on attempting to foUow the course of the aorta into the head, it

was impossible to find any trace of that vessel beyond the point where

this extravasation invariably began to show itself :
at this place, indeed,

the walls of the great artery entirely disappeared, or, rather, became

confounded with the membranous septum that here separates the abdo-

men from the cephalic cavity : neither could any continuity be traced

between the arterial trunk, after its entrance into this extensive cavity

and the arteries proceeding from it to ramify in the fleshy portion of

the foot, although these latter were invariably well filled with the

* Ann. des Sci. Nat. 1850. m v, 4.

t In Firola Professor Huxley assures us, the walls of the auricle of the heart are

composed of a kind of lacowork made up of striated and ramified muscular fibres,

between which large open spaces are observable.

X
" Observations sur k Circulation chez les MoUusqucs," par M. Milno-Edwards

(Ann. do3 Sci. Nat. 1847).
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coloured injection employed
; and it soon became evident, from numerous

observations, that in this Gasteropod a free communication is normally
estabHshed between the great arterial trunk of the body and the cephaUc
cavity, wherein are lodged the principal nervous centres and the whole
anterior portion of the digestive apparatus, and that this cavity in the
Hvmg animal, is filled with arterial blood. In fact, the aorta 'having
reached the spot where the digestive canal curves downwards to descend
from the upper aspect of the pharyngeal bulb into the abdominal cavity,
it plunges directly into a wide space or lacuna which surrounds the
pharynx and occupies aU the front part of the head, taking the place of
the cephaHc portion of the aorta ; and the arterial blood poured by that
vessel into this space directly bathes the brain, the muscles of the pro-
boscis, and all the anterior part of the alimentary canal, after which it

goes to supply the muscles of the foot and the cephalic appendages.
(1430.) But there is one circumstance connected with this arrange-

ment which appears even stiU more strange, namely that, whUe a por-
tion of the general cavity of the body thus completes the vascular appa-
ratus, the aorta to a certain extent acts as an abdominal cavity ; for in
its interior there is lodged a part of the digestive apparatus.

(1431.) To ascertain this fact it is only necessary to slit open the
aorta, the calibre of which is in this part as wide as a goose-quill ; it is

then seen that the large snbcylindrical basis of the tongue, which pro-
jects from the posterior margin of the pharyngeal mass, is entirely
enclosed within it. This organ, indeed, protrudes to a considerable
distance into the interior of the arterial tube ; and it is from the portion
of the aorta which thus forms a sheath for the lingual apparatus that
several arteries take their origin, the branches of which are distributed

to the intestine and abdominal parietes, the orifices of which are discover-
able when the tongue is withdrawn from its aortic sheath,

(1432.) The inferior condition of the circulatory system in the
Haliotis, however, is not indicated only by the singular arrangements
described above. In that portion of the mantle which is adherent to

the shell, and which forms a sort of border to the posterior and lateral

parts of the body, arterial vessels seem to be altogether wanting, the
whole circulation being apparently carried on by vessels which receive

venous blood, derived immediately from the abdominal cavity, to which
they partially return it, but at the same time convey a portion thereof
into the branchio-cardiac vessels in the immediate vicinity of the heart.

The fibrous tissue wherein these vessels are enclosed seems but little

calculated to perform the functions of an accessory respiratory appa-
ratus ; so that it would appear, from this anatomical arrangement, that

all the blood in progress towards the heart is not submitted to the in-

fluence of the air, and that it is a mixture of venous and arterial blood

that is distributed by the heart throughout the arterial system.

(1433,) Lastly, it may be noticed that in the cephalic region, where
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the different organs are in immediate contact with the arterial

traces are discernible either of veins or of lacunae serving

K

Circulation oiJEaliotis (after Milne-Edwards). A, the head; b, the foot; C, C, the two lobes of

the mantle ;
D, mucus-secreting organ : E, E, the two branchise ; E, the anus. Beneath the rectum,

that terminates at this outlet, is seen the orifice of the urinary apparatus ; and a little further back,

situated above the intestine, is the orifice of the generative apparatus. G, fold of intestine, which

is lodged in a special compartment of the abdominal cavity, separated from that containing the

stomach by a fibrous septum. H, the stomach, of which the anterior portion has been in a great

measure removed. I, pharyngeal cavity laid open. J , abdomen.

a, aortic ventricle surrounding the rectum.

ft, the left auricle, into which opens the efferent vessel of the corresponding branohia, a portion

of which is shown at E. The right auricle is seen immediately beneath the ventricle; and the

corresponding branohia' has been raised in order to show throughout its entire length the

branchial vein or efferent canal, E, which runs along the adherent margin of the branehia, and

brings arterialized blood from that organ to the heart.

c, the great aorta, which arises from the posterior extremity of the ventricle and runs forward

between the stomach and the intestine to discharge itself into the cephalic cavity.

d, the abdominal artery, or posterior aorta, which arises from the commencement of the aorta

and follows the convolutions of the intestine, to which, as well as to the liver, it furnishes branches.

e, arterial sinus, into which the aorta empties itself. This is a great cephalic lacuna, limited

above by the parietes of the ijharynx, in front by the integuments and muscles of the head, and

posteriorly by fibro-cellular bands. On injecting the animal by this cephalic chamber, the whole

arterial system is immediately filled.

/, the great artery of the foot, which arises from the cephalic sinus, and soon divides into four

branches, which extend towards the hinder part of the foot. g, one of its lateral branches.

h, afferent vessel of the left branehia. A little in front of the heart ia seen the transverse canal,

or common venous reserooir of the branchios, which unites this vessel with its fellow, and which re-

ceives the veins from the rectum.

t, t, veins of the two lobes of the mantle, in communication with a capillary network that extends

along the base of the branchiae, and is proceeding to anastomose with the branchio-cardiac vessels.

k, efferent vessels from the urinary gland, opening into the common venous reservoir of the

branch iffi.

I, venous canal of the shell-membrane or partition that extends from the walls of the abdomen
to the margin of the shell.

m, hepatic veins proceeding to open directly into the free space which surrounds the intestine,

and which is continuous with the rest of the abdominal cavity. On the posterior part of the foot

arc seen veins which open into a system of lacunte situated upon the median line, and communi-
cating with the abdominal cavity.
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the blood thus effused to the respiratory apparatus, whereas in other
parts of the body venous canals are met with, the disposition of which
is very remarkable

: these all communicate freely with the abdominal
cavity, as is the case in other Gasteropod Mollusca ; but in the liver,
the generative glands, and, more especiaUy, in the urinary apparatus
they nevertheless form true vessels, the ramifications of which are ex-
tremely numerous.

(1434.) In Patella, or the Limpet, the size of the cephalic sinus that
receives blood from the aorta is even more remarkable than in the
IlaKotis: in the Patella, indeed, the tongue is not itself lodged in the
aorta, as in the former case, but is enclosed in a membranous sheath

;

the sheath, however, in its turn becomes part of an arterial chamber,
into which the aorta empties itself. The aorta itself gives off very few
branches, whUe from the lingual sheath arise all the principal arteries
of the body.

(1435.) The arterial blood not only fills the sheath of the tongue, but
is likewise diffused throughout the whole cephalic cavity, where it

bathes the muscles and nerves in the same manner as in Haliotis ; but
the extent of the sanguiferous sinus is much more considerable than in
that mollusk. If, indeed, the capacity of these sinuses be estimated,
they win be found to contain more blood than all the rest of the arterial
system put together.

(1436.) We have abeady described (§ 1393) the construction of the
heart met with in the great majority of the Gasteropoda

; but in a few
of the lowest orders, namely those most nearly allied to the Conchtfeea,
slight modifications present themselves. Thus in Gliiton (fig. 411), so re-
markable from the singularity of its shelly covering, the heart is situated
in the middle of the posterior region of the back, and is furnished with
two auricles, one appropriated to each lateral series of branchite

; and,
what is stiU more remarkable, each auricle would seem to communicat-e
Avith the ventricle by two distinct orifices. In Haliotis, Fissurella, and
others of the Scutibranchiate and Cyclobranchiate orders, the resemblance
to the arrangement generally met with among the Conchipeka is even
more striking; for in such genera not only are there two distinct

auricles, but the ventricle embraces the rectum, so that, when super-
ficially examined, it seems to be perforated for the passage of the in-

testine.

(1437.) In PterotracJiea (fig. 417), the branchiae (cl) are placed upon
the back, and the blood derived from the tufts composing the brancliial

apparatus is received into a two-chambered heart (e), whence it is

distributed to the body through the aorta, which is at first double
;
but,

after surrounding the visceral sac and supplying the viscera, the two
vessels unite to form one large trunk (m), which traverses the body as

far as the head.

(1438.) The digestive system of the Gasiekopoda, as we might be led
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to expect from the numerous and widely different forms of the animals

belonging to the class under consideration, presents endless diversity of

structure ; and did wo not strictly refrain from noticing any but the

most important modifications, it would be easy to overwhelm the most

patient reader with accumulated details.

(1439.) The mouth we shall consider as exhibiting four distinct

types of organization ; one of which, namely that met with in the Snail

and the generality of pulmonated Gasteropoda, has been already de-

scribed (§ 1387).

(1440.) The second form of mouth—that, for instance, of Pleuro-

branchus (fig. 415, a) and of Pterotrachea (fig. 417, 6)—consists of a

simple muscular proboscis, or fleshy tube, which is capable of consider-

able elongation and contraction : such an oral apparatus is entirely

devoid of teeth or any cutting instrument, but is nevertheless fully

able to seize and force into the stomach such materials as are used for food.

(1441.) A third kind of mouth, by no means so frequently met with

as the last, is not a little extraordinary, and

forms a more eflBcient cutting instrument than ^^S-

even that of the Snail. "We shall offer, as an

example of this remarkable organ, that of the

Tritonia Homhergii, represented in the annexed

figure (fig. 420), whereof Cuvier gives the

following graphic description *. In this

animal the mouth forms a large oval and fleshy

mass enclosing the jaws and their muscles, as

well as a tongae covered with spines ; and its

opening is guarded by two fleshy lips. The

jaws form the basis of all this apparatus : their Mouth ot Tritonia Rombergn.

substance is horny ; their colour a yellowish

brown ; and their form (very extraordinary for an organ of this kind)

cannot be better described than by comparing them to the shears used

in shearing sheep. They differ, however, in the following particulars:

instead of playing upon a common spring, the two blades are found to

work upon a joint ; and instead of being flat, they are slightly curved.

(1442.) These two blades are very sharp, and there is nothing that

has life that they cannot cut when the animal causes the cutting edges

to glide over each other. For this purpose muscles of great strength

are provided, the fibres of which are transverse ; and their office is to

approximate the two blades, that are again separated by the natural

elasticity of the articulation whereby they are united at one extremity.

(1443.) The aliment, once cut by the jaws, is immediately seized by

the teeth upon the tongue (odontophore), which, being sharp and

directed backwards, continually drag, by a kind of peristaltic movement,

the alimentary materials into the oesophagus.

* Memoire sur le Tritonia.
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Fig. 421.

(1444.) The fourth and most complicated form of mouth is found
in the rectiuibranchiate Gasteropods ; and with its assistance these
animals can bore through the hardest shells in search of food, making a
hole as round and smooth as if it had been made by a drill of human
contrivance. It is from Cuvier we again borrow the subjoined descrip-
tion of this unique apparatus *.

(1445.) The proboscis of Buccinum is organized with marvellous
artifice. It is not simply provided, like that of the elephant, with the
means of flexion and extension, joined with a limited power of contrac-
tion and elongation, but it can be entirely retracted into the body by
drawing itself into itself in such a manner that the half of it which
forms its base contains and encloses the half nearest its point ; and it

can protrude itself from its sheath thus formed, by unrolling itself like
the finger of a glove, or like the horns of the garden snail : only it is

never completely retracted, but always remains
more or less folded upon itself.

(1446.) It may be represented as being com-
posed of two flexible cylinders, one contained

within the other, as shown in the annexed
figui-e (fig. 421), the upper edges (i i) of the

two cylinders being continuous in such a

manner that by drawing out the inner cylinder

(h h) it becomes elongated at the expense of

the other, and on pushing it in again it be-

comes shorter, whUe the outer cylinder (Jc) is

lengthened by adding to its upper margin,

(1447.) The reader must now imagine a

multitude of longitudinal muscles {d d), aU
very much divided at both their extremities,

and attached by one end to the parietes of the

body, whilst by the opposite they are fixed to

the interior of the inner cylinder of the pro-

boscis (h) along its entire length and as far as

its extremity. It is evident that the action of

these muscles will retract this cylinder, and
consequently the entire proboscis, into the body.

(1448.) When thus retracted, a great part of

the inner surface of the internal cylinder (6)

will necessarily become a portion of the external

surface of the outer cylinder (Ic), and the

contrary when the proboscis is protruded. It is in consequence of this

that the insertions of the muscles (d d) vary in position.

(1449.) The protrusion of this proboscis is effected by the action of

the circular muscles that form its walls.

* " Mdmoire sur le grand Buccin {Buccinum undatum), et sur son Anatomic."

Proboscis of Bnccimm , laid

open to show its internal sti'uc-

tui-e : c, mouth, showing tlie

infundibular commencement
of the oesophagus ; 6, J, mus-
cular walls of inner cylinder;
k, outer cylinder, continuous
with 6 at the point i; ee, body
of the tongue ; d, d, retractor

muscles ; g g, oesophagus.
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(1450.) When the proboscis is extended, the retractor muscles

(fig. 421, d d), if they do not act all together, servo to bend it in any

direction, thus becoming the antagonists to each other.

(1451.) In the internal cylinder are contained the tongue, with all

its apparatus (e e), the salivary ducts (/), and the greater part of the

oesophagus (y) ; but the principal use of the proboscis is to apply the

end of the tongue to the surface of bodies that the Buccinum wishes

to erode and suck. The tongue itself (odontophore) (e) is a cartilaginous

membrane, armed with hooked and very sharp spines. It is sustained

by two long cartilages, the extremities of which form two lips (c), that

can be separated or approximated ; or the cartilages can be made to

move upon each other by the mass of muscles in which they are im-

bedded. When these cartilages

move, the spines that cover the , Fig. 422.

tongue are alternately depressed

and elevated ; and by a repetition

of similar movements, aided per-

haps by some solvent quality in

the saliva, the hardest shells are

soon perforated bythis singular file.

(1452.) The salivary glands are

lodged in the visceral cavity, and

are composed of numerous secern-

ing c£eca enclosed in a membra-

nous capsule (fig. 422, h, 7c) : their

ducts (g e), which are necessarily

as long as the proboscis when ex-

tended to the utmost, open by two

apertures placed at the sides of

the spinous tongue (b). The oeso-

phagus (fig. 421, g g) runs along

the centre of the proboscis through-

out its entire length, and, when
that organ is protruded, becomes

nearly straight ; but when the

proboscis is drawn in, the ceso-

phagiis is folded upon itself among
the viscera.

(1453.) Just at the commence-

ment of the stomach there is a

small crop (fig. 422, /) ; and the

stomach itself is single, without

any thing in its texture requiring special notice—its Kning membrane
being soft, and gathered into longitudinal folds (i).

(1454.) Equally simple is the alimentary apparatus of the Uetero-

Alimentary canal of Buccimim : h, salivary

gland; fc, salivary gland with its capsule laid

open ; e, salivary duct ; a b, dental apparatus
of the proboscis

; c, oesophagus ; t, I, in, alimen-
tary canal; p p, liver; n o, n o, biliary ducts.
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^yoda. In these the stomach (fig. 417,/) is a mere dilatation of an
iutestiniform tube. The intestine is not lodged in the general cavity of
the body, but, with the mass of the liver, is contained in a kind of bag
attached to the back of these singularly formed animals, and in some
genera, as for example Carinaria, is defended by a delicate transparent
shell, which in appearance offers a miniature resemblance to that of
the Argonaut. It is in this visceral sac that the heart and generative
apparatus are likewise generally enclosed ; but in many forms of the
Heteropoda both the appended sacculus and shell are wanting, in which
case the viscera are, of course, lodged in the general cavity of the body.

(1455.) But although in Buccinum, Fterotrachea, and kindred genera
the stomach is thus devoid of complication, it is by no means unfre-
quently found to be provided with a powerful crushing-apparatus, that

forms a strong gizzard, adapted to bruise, cut, or tear the food intro-

duced into it. In Scyllcea, for example, this gizzard, situated at the

entrance to the stomach, contains twelve horny cutting blades, disposed

around its interior, arranged in a longitudinal direction ; their sharp

edges therefore, meeting in the centre, efficiently divide whatever
passes between them towards the proper digestive stomach. In Aplysia
there is first a capacious crop, then a strong gizzard studded internally

vpith pyramidal blunt teeth ; and to this succeeds a third cavity, armed
with sharp-pointed hooks attached to one side of its walls, and so

disposed as to form a kind of carding-machine, by which the food is

still more effectually torn to pieces.

(1456.) Various modifications in the form and structure of these

stomachal teeth are met with in the different genera of the Gasteropoda

that possess such an apparatus ; but whatever their shape, size, number,

or position, the office assigned to them is the same.

(1457.) The liver is proportionally of very large size in the MoUusca
we are now describing. Its composition is similar in aU, being made up
of bunches of secreting follicles united by the branches of their excre-

tory ducts, and kept together by means of a delicate cellulosity and the

ramifications of blood-vessels. We have already described the hepatic

viscera of the Snail ; and the liver of Buccinum, unravelled so as to

show its intimate structure, is represented in the preceding figure

(fig. 422, n, 0, p), which requires no additional explanation.

(1458.) But if the structure of the liver is similar in aU. the Gaste-

ropod Mollusca, the manner in which the bile is poured into the intes-

tine varies remarkably. The most ordinary position of the orifices of

the hepatic ducts is at the termination of the stomach, in the vicinity

of the pylorus, as is the case in the majority of other animals ; but

many exceptions to this rule are met with in the class before us.

(1459.) In Scyllcea the bile is poured into the ossophagus just before

it terminates in the gizzard ; in many genera the biliary canals open

into the stomach itself ; and in one remarkable genus, OncMdium, there
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are three distinct livers, each provided with its proper excretory duet,

and, what is stHl more anomalous, these three glands, which m every

particular strictly resemhle each other, unless perhaps in size, pour the

secretion that they furnish into three different situations—the first into

the oesophagus, the second into the oesophagus likewise, and the third

into the gizzard, which forms the first of three stomachal cavities.
^

(1460.) In Doris a still more extraordinary arrangement is met with.

One set of ducts derived from the liver penetrate the stomach, and pour

the bile into that cavity, while another large canal, equaUy given off

from the liver, terminates at the exterior of the body, by an orifice

situated in the vicinity of the anus (fig. 414); and thus a part of the

bile secreted would seem to be expelled from the system as excremen-

titious matter—a fact of no ordinary importance to the physiologist, as

it would itself go far to prove that the function of the liver is not

merely limited to the supply of a secretion of importance in the di-

gestion of food, but also powerfuUy cooperates with the respiratory

system in purifying the circulating fluids by decarbonizing the blood.

(1461.) Other secretions, apparently of an excrementitious character,

are furnished by many Gasteropods. Thus in Aplysia a glandular

mass is imbedded in the opercular flap that protects the gills, from

which, at the pleasure of the animal, a reddish liquor is made to exude

in sufiicient abundance to obscure the water around it, and thus conceal

it from pursuit. Another gland furnishes an acrid limpid fluid, that

distils from an orifice near the oviduct ; but the use of this last secretion

is as yet unknown.

(1462.) The scattered condition of the nervous ganglia, characteristic

of the Heterogangltata, is well exhibited in the Pectinibranchiate

Gasteropods, more especially as it not unfrequently happens that the

ganglionic centres themselves are of an orange or reddish colour, while

the nerves derived from them present their usual appearance.

(1463.) In Buccmumth.G brain still occupies its usual position above

the oesophagus (fig. 423, d), and gives off nerves to the organs of sensa-

tion, and large twigs (c c) to the eminently sensitive proboscis. A large

nervous mass placed beneath the oesophagus (i) is connected with the

former by several communicating nerves that embrace the oesophageal

tube. Other ganglia, of smaller size {Tc, I, n), are distributed in distant

parts of the body, and supply the viscera to which they are contiguous,

whilst they are connected among themselves, and with the brain, by

nervous cords passing from one to another.

(1464.) In Pterotrachea the same dispersion of the central ganglia of

the nervous system is equaUy evident. The brain and nervous collar

around the oesophagus occupy their usual situation, and give nerves to

the tentacles, eyes, and parts around the mouth ; while four smaller

ganglia (fig. 417, i) arc placed in the immediate vicinity of the foot, to

which and to the neighbouring viscera they distribute their branches.
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(1405.) But in the most elevated GaBteropods the ganglia assume
greater eonce,atration, and the brain exhibits much larger dimensions ascompared with the size of the body. Thus, in the Snail (fig. 413) we
find only two great nervous masses-the brain (I) (a large gan4on
placed above the oesophagus, and supplying the nerves connected ^ith
sensation), and an equally large subocsophageal mass (m), whence
proceed nerves to all the viscera and locomotive organs. Here, there

Fig. 423.

Anatomy ot Buccinum: d, brain, or supraooBophageal ganglion; i, eubcesophageal ganglion;
e, cords of communication, forming a collar round the rasophagus

; c, c, nerves of the pro-
boscis; k, I, n, nervous ganglia, irregularly distributed; the tentacles; .9, male organ;
r », the heart; q, branchial vein; m, anterior arterial trunk; t, posterior largo artery, sup-
plying the viscera; it, branchiae; v, rectum.

fore, we have another example of the great law that we have already so

often illustrated—the diminution in number and the increase in size of
the nervous centres as we rise from lower to more exalted types of
animal organization.

(1466.) The tentacula (fig. 423,//) in the marine Gasteropoda arc
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generally not retractile ; and the eyes are frequently situated at the

outer side of the base of each tentacle, instead of at their apex as in the

figure referred to.

(1467.) The organ of hearing is now universally admitted to exist m
all the Gasteropod Mollusca, and, according to Siebold*, is invariably

situated in the immediate vicinity of the two most voluminous cerebral

masses. Like the other organs of sense, the organ is always double.

It is formed f by two hyaline ovate or orbicular capsules, situated on

the head or neck at the bases of the tentacula, and is suppHed with its

specifically endowed nerve from the cerebral ganglions. In the capsule

there are enclosed one or several (and sometimes they are numerous)

oval or round crystalline bodies (otoliths) ; and it is observable that the

number varies not only in neighbouring genera, but even in nearly

allied species. Siebold says that a concentric depression is evident in

these otoliths ; and there may be seen, in the greater number of them, a

shaded spot, or, rather, a minute aperture, which penetrates through

the concretion from the one flattened surface to the other. Subjected

to a strong pressure, the otoliths crack in radiating lines, separating

often into four pyramidal pieces. This separation also ensues when the

otoUths are immersed in diluted nitric acid ; and if we touch them

with the concentrated acid, they suddenly dissolve, with the disen-

gagement of a gas, whence Siebold concludes them to be composed of

carbonate of lime. The size of the otoliths is not equal ; and in the

same capsule there are always some which are smaller than others.

Within the capsule they have, during life, a very remarkable, and in

some respects peculiar, lively oscillatory movement, being driven about

as particles of any light insoluble powder might be in boiling water.

The otoliths in the centre have the appearance of being pressed together,

so as to form a sort of solid nucleus ; and towards this centre the otoliths

seem ever to be violently urged, their centripetal rush being invariably

repulsed, and themselves driven back again in a centrifugal direction.

Eemoved from the capsule, the motions of the otoliths instantly cease.

The cause of these curious oscillations remains undiscovered. Siebold

could detect no vibratile cilia on the surfaces of the capsules X ; and the

cessation of the motion when the otoliths are removed proves them to

be unciliated themselves, and at the same time distinguishes the motion

from that of inorganic molecules, described by Mr. Brown.

(1468.) Dr. Nordmann, in an elaborate memoir on the anatomy of the

Tergipes Eclwardsii, minutely describes the structure of the auditory

* Ann. des Sci. Nat. 1843, xix. p. 198.

t Introduction to Conchology
; or, Elements of the Natural History of Molluscous

Animals, by George Johnston, M.D., LL.D., to which the student is referred, as

being by far the best treatise upon the subject in the English language, for fuller

details concerning the habits and organization of the Mollusca.

\ Kolliker has observed that the motion of the otoliths in the Mollusca is de-
pendent upon cilia, with which the internal surface of the auditory cyst is covered.
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capsules of that species, in which they are found situated immediately
behind the eyes, upon the posterior portion of the two anterior ganglia,
and are at once recognizable by their sharp outline and very con-
siderable size, which surpasses that of the eyes themselves. The proper
auditory nerves are wanting, the vesicles of hearing being lodged in
little excavations in the ganglia themselves. These vesicles, which arc
of a round or oval shape, consist of a thin vitreous-looking membrane
(but which is sufficiently tough to resist considerable pressure), and
contain a fluid in which is suspended a minute rounded otolith.

(1469.) We now approach an inquiry of much interest as concerns
the^ economy of the animals before us—namely the varied forms of
their organs of reproduction, and the character of the generative system
belonging to each order. This investigation, however, is one of no
ordinary difficulty

; for so numerous are the modifications of structure
observable in almost every genus, that, were we not strictly to confine
ourselves to the study of the most prominent and important features
of this portion of their history, the patience of the student would be
severely put to the test in foUowing us through the detaHs connected
with so extensive a subject.

(1470.) The three lowest orders of the Gasteropoda are still, in many
particulars, more or less allied to the Coi^chifeea ; but more especially
is this the case in the organization of their generative apparatus. The
CyclohrancUata, ScutihrancMata, and Tuhulihranchiata, like the inhabit-
ants of bivalve shells, are aU hermaphrodite and self-impregnating*.
A large granular ovary is in all these orders imbedded in the mass of
the liver

;
and from this a duct leads to an external orifice situated in

the vicinity of the anus : if impregnation is in such animals essen-
tial to fecundity, the fertilizing secretion must be furnished by the
glandular walls of the oviduct, as no male organs have as yet been
discovered.

(1471.) The Pectinibmnchiata, on the contrary, are all dioecious—the
sexes being distinct, and intercourse between the male and female
necessary for the impregnation of the latter.

(1472.) The male is generally at once distinguished by the penis, ap-
pended to the right side of the neck (fig. 423, g), an organ which is fre-

quently of enormous proportions—so large, indeed, that, it being impos-
sible that it should be retracted into the body, it is generally simply
folded back into the branchial chamber. The testicle is imbedded in the

mass of the liver, and lodged in the inmost recesses of the shell. It

gives origin to a long and very tortuous vas deferens, which is at first

extremely slender, but on emerging from the mass of the viscera be-

comes thicker, running along the right side of the body until it enters

* The announcement of the discovery of spermatozoa in individuals belonging to

these orders will, perliaps, materially modify the opinions of physiologists npon
this point.
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the peuis, and, haviug made many zigzag folds, reaches the extremity

of that organ, where it terminates by a small orifice.

(1473.) Equally simple is the structure of the generative system

in the females of the Pectinibranchiate Gasteropods. A large ovary

occupies the same position as the testis of the male, and shares with

the liver the interior of the windings of the shell. The oviduct gene-

rally follows the same course as the vas deferens of the other sex, and

is provided with thick and glandular walls. The eggs, which are very

numerous, are arranged in long gelatinous ribands, and, after extrusion,

are glued in various ways to the surface of rocks, seaweed, or even to

the shells of other Mollusca. Sometimes, in the siphoniferous tribes, as

for example in the common Whelk (Buccinum), the ova are enclosed in

tough coriaceous capsules secreted by a glandular organ in the vicinity

of the oviduct. These capsules contain several eggs apiece, and are

joined together in large bunches, such as the waves continually cast up

upon every beach.

(1474.) The Heterojpod Gasteropoda are hermaphrodite. In Ptero-

trachea the female organs consist of a distinct ovary, uterus, spermatheca,

and an auxiliary gland, all lodged in the visceral sacculus appended to

the back. The ovary (fig. 417, p) is of considerable size, and gives

origin to a slender oviduct, which, near its termination, communicates

with the receptacle for the ova, called the uterus (g). The spermatheca

joins the canal leading from the uterine cavity to the exterior of the

body, which likewise receives the secretion of two small glandular sacs

(Ic) apparently destined to furnish some investment to the eggs prior to

their expulsion.

(1475.) The male parts are situated in the general cavity of the body,

quite apart from the female apparatus. The testicles seem to be repre-

sented by two wavy coeca (fig. 417, t), which terminate at the root of a

small intromittent organ (s) placed at a short distance behind the open-

ing of the vulva.

(1476.) All the Tectihranchiata, InferobrancMata, NudibrancJiiata,

and the Pidmonated Gasteropods are hei'maphrodite, having both a male

and female generative apparatus arranged upon the same principles

as those of the Snail, which have already been described at length ;

and to enumerate the variations which occur in the relative position

and organization of different parts of the reproductive system in all the

genera composing these extensive orders would scarcely answer any

useful purpose, even were it practicable within the limits of this work.

(1477.) In the male Patella, the testicle is situated upon the right

side of the body, between the visceral mass and the external envelope.

It is of a pale-yellow colour, with a slight pinkish tint, and seems to be

entirely made up of minute tubes, many times folded upon themselves,

and imbedded in a granular-looking substance. On cutting into the

substance of the testicle, there flows out a milky fluid, which the micro-

2 Q
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scope reveals to contain innumerable spermatozoa, whose movements are
very active as long as the seminal secretion is fresh.

(1478.) The ovary of the female occupies nearly the same situation
as the male testis ; but all attempts to trace the excretory duct of either
have as yet proved futile.

(1479.) When the ova of the Nudibranchiate Mollusca are placed
under the microscope soon after the extrusion of the spawn, each is

seen to consist of a thin transparent case-memhrane*, with a round
smooth and opaque body in its centre (the ovum proper), which is

chiefly composed of minute cells enclosed in a vitelline membrane.
These ova vary in size from -^^-^ to -^-l^ of an inch in diameter. A few
hours after the extrusion of the spawn the yelk divides by progressive

segmentation until the end of the fifth day, when the division of the

cells appears to have reached its utmost limit and the vitelline mass has
changed its shape, having become broader at one end, narrower at the

other (fig. 424, 2). At the end of the sixth day no additional change

rig. 424.

Development of the embryo of a Nudibranchiate MoUusk. 1. Gelatinous coil, in which the
ova are imbedded. 2. A portion of the same, magnified. 3. Firot appearance of the embryo.
4, 5. Embryos in different stages of growth, 6. Mature embryo when newly hatched, enclosed
in a minute nautiloid shell.

takes place in the external form of the ovum ; but the cells into which it

has divided continue to coalesce, and minute cUia become apparent on

the upper surface of the broad extremity. On the eighth day it assumes

the form represented at fig. 424, 3, its circumference becomes more or

* This case-memhrane is not tbo houaologuo of t.ho ordinary egg-shell, seeing that

it sometimes encloses two, throe, four, or even five ova.
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less translucent, and the external layer of cells seem to separate from

the rest to form the commencement of the sheU (fig. 424, i), the cilia on

the broad extremity become larger and more active in their movements,

and traces are observed in the division of this end into ciliated clisJca
:
it

is now entitled to the name of embryo.

(148.0.) From the ninth to the eleventh day the ciliated disks become

more developed, more separated from each other, and more moveable ;

the largest of the four lobes of the body has arranged itself into stomach

aud intestine, in which occasional contractile movements may be seen.

(1481.) The case-membrane previously to the escape of the embryo

becomes gradually thinner, and at last either entirely disappears or is

reduced to shreds, probably by the incessant strokes upon its inner sur-

face of the long cilia of the ciliated disks during the active revolutions

of the embryo round its interior. The embryo at the time of its libera-

tion is provided with a shell somewhat resembling that of the Nautilus,

from which it can protrude the anterior part of its body and retract it

at pleasure (fig. 424, e), swimming about actively in the surrounding

water by means of its ciliated disks.

(1482.) The spawn of other Gasteropods is deposited under diverse

forms. In the marine species, it is usually found attached to the surface

of stones, shells, or seaweed, the ova being connected with each other

in long ribands or delicate festoons, which are sometimes extremely

beautiful and curious. The Doris and Tritonia deposit their ova in long

gelatinous bands, resembling beautiful frills of rich lace. In Aplysia

the spawn resembles long strings of jeUy, in which the ova are seen,

varying in tint, so as to give different colours to different parts of the

thread. In Helix and Bulimus the eggs are protected by a hard shell

;

whilst in Buccinimi, Valuta, Murex, and other marine species the ova

are enveloped in membranous capsxiles, agglomerated together in large

bunches. These capsules have been sometimes erroneously regarded as

the eggs themselves ;
they are, however, merely coriaceous envelopes,

answering the purpose of the gelatinous coating that encloses the eggs

of other species. Many of the Gasteropoda are exceedingly prolific : a

single Doris will lay 50,000 eggs at a birth ; and when we take into

account that all the individuals are prolific (the sexes being combined),

and that each will produce spawn two or three times in a season, it is

evident how vast must be the number of their progeny.

2 Q 2
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CHAPTER XX] I.

PTEEOPODA * (Cuvier).

(1483.) Nearly allied to the Gasteropods in. their internal organiza-

tion, but differing from them remarkably in the character and position

of their locomotive apparatus, are the Pteropoda—a class of mollusks

of small dimensions, but met with in astonishing quantities, at certain

seasons, in various parts of the ocean. So numberless, indeed, are

these little beings in those regions where they arc common, that the

surface of the sea seems literally alive with their gamblings ; and thus

the store of provisions necessary to render the waters of the ocean

habitable to animals of higher grade in the scale of life is still further

increased. The great character that distinguishes the members of the

class upon the investigation of which we are now entering is derived

from the structure of their organs of locomotion. These are only

adapted for swimming, and consist of two broad and fleshy expansions,

attached like a pair of wings to the sides of the neck, and forming

moveable fins—enabling the little beings to dance merrily among the

foamy waves, now sinking, and again rising to the suiiace, until some

passing whale, opening its enormous jaws, engulfs multitudes of such

tiny victims, and hence derives the material for its subsistence.

(1484.) Several distinct genera of Pteropoda have been established

by zoologists, and some important modifications have been detected in

their organization, although in all of them the lateral alse form the in-

struments of progression.

(1485.) The Clio borealis, anatomized by Cuvier f, and more recently

and completely investigated by Professor Eschricht of Copenhagen J, is

one of the species best known, as well as most abundantly met with ; it

is therefore by a description of this Pteropod that we shall proceed to

introduce the reader to the general facts connected with the histoiy of

the animals under consideration.

(1486.) The body of the Clio is about an inch in length, of an oblong

shape, and terminating posteriorly in a point; while at the opposite

extremity there is a little head supported upon a short neck, and

furnished with delicate retractile tentacles, apparently instruments of

touch. The locomotive organs, as the name of the class import.s, con-

sist of two delicate wing-like-appendages (fig. 425, a a) attached to the

two sides of the neck, by means of which, as by a pair of broad fins,

the Pteropod rows itself about with facility. But th^ two aliform

membrajies, although externally they appear separate instruments, are,

as we are assured by the observations of Professor Eschricht, but one

* TTTepbi', a wing
; ttovs, ttoSos, the foot,

t M6moire sur le Clio Im'calis.

X Anatomische Untersuchungen iiber die Clione borealis, von J). F. Eschricht.

Kopenhagp.n, 1838, 4to.
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organ, -being made up entirely of muscular fasciculi, which pass right

through the neck and spread out on each side in the substance of the

wing, forming an apparatus exactly comparable to the double-bladed

oar with which the Grcenlander so dexterously steers his kajac, or canoe,

through the very seas inhabited by the little Clio we are describing.

(1487.) The head of one of these animals is sui'mounted by various

organs, appropriated to diiferent oflSces, and some of them not a little

remarkable from the amazing complication of structure which they

exhibit. On each side of the oral opening are three conical appendages

(fig. 425, 0, s), that to a superficial examiner might appear to be mere

Fig. 425.

A B

Clio borealis ; represented at A in a state of repoae, while B, C exhibit the varioua external

appendages fully protruded: a a, wing-Uke oars; b, hood, retracted; g, bladder-like organ;

h, penis; k, tentacle; o, globular protuberances; s, s, conical appendages.

fieshy tentacula ; but in reality they are instruments of prehension, of

unparalleled beauty and astonishing construction. Each of these six

appendages, when examined attentively, is seen to be of a reddish tint

;

and this colour, under the microscope, is found to be dependent upon

the presence of numerous minute isolated red .points distributed over

its surface. When still further magnified, these detached points are

evidently distinct organs, placed with great regularity, so as to give a

speckled appearance to the whole of the conical appendage ; and their

number, at a rough guess, may be estimated at about three thousand.

Every one of these minute specks is, in fact, when more closely ex-

amined, found to be a transparent cylinder, resembling the cell of a

polyp, and containing within its cavity about twenty pedunculated

disks, which may be protruded from the orifice of their sheath (fig.

426, c), and form so many prehensile suckers adapted to seize and hold

minute prey. Thus, therefore, there wiU be 3000x20x6=360,000

of these microscopic suckers upon the head of one Clio—an apparatus

for prehension perhaps unparalleled in the creation.

(1488.) When not in use, the appendages referred to are withdrawn,

and concealed by two hood-like fleshy expansions, which, meeting each
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other in the mesial line, completely cover and protect the whole of thi«
delicate mechanism, as represented in (fig. 425, a).

(1489.) Still, however, oven when the hoods are drawn over the
parts thoy are intended to defeiid, the Clio is not left without tactile
organs wherewith to examine external objects ; for each valve of the
hood is perforated near its centre : and through the apertures so formed,
two slender filiform tentacula (fig. 425, c, 1c), somewhat resembling the
feelers of a Snail, are protruded at the will of the animal ; and by
means of these it is informed of the presence of food, and instructed
when to uncover the elaborately organized suctorial apparatus destined
to seize it and convoy it into the mouth.

(1490.) The mouth itself is described by Cuvier as being a simple
triangular opening, resembling the wound inflicted by a trocar ; and in
the solitary specimen at his disposal he did not succeed in detecting any
dental structures. Eschricht, however, with superior opportunities,
was more successful in displaying the oral organs, and found the Clio
to possess jaws of very singailar conformation, and a tongue covered, as
in many other Mollusca, with sharp horny spines.

(1491.) One of the jaws removed from the body, and magnified
twenty-eight diameters, is represented in the subjoined figure (fig.

426, a). It consists of a series of sharp horny teeth of imequal length.

Fig. 426.

B A
A, one of the jaws of OUo borealis. U, tlic tongue, with its recurved spines.

C, cylinder enclosing the prehensile suckers.

fixed to the sides of a lateral pedicle in such a manner that their poin(a

arc all nearly at the same level. The teeth themselves have a golden

metallic lustre, and, when examined in the sunshine under w;itor by

means of a lens, are espociiilly beautiful objects. The batiis <o wliich

thoy arc fixed is apparently of a fleshy character, and if smashed by
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being squeezed between two plates of glass, and then placed under the

microscope, appears to be made up of a multitude of regularly disposed

fibres that cross each other in two principal directions.

(1492 ) The jaws thus constructed are placed on each side ot the

mouth, contained in two hoUow curved cyHnders, the walls of which

are muscular; and if one of these muscular capsules be snipped by

means of a pair of very fine scissors, the strangely formed jaw, with its

teeth, is found lodged within it.

(1493 ) The manner in which the Clio uses these dental organs is

obvious from their anatomical position. The curved muscular cyHnders

by the contraction of theii' walls force out the teeth, so that they then

project from the mouth, and are ready to seize and drag into the oral

orifice whatever food presents itself.

(1494.) Once conveyed by the jaws into the interior of the mouth,

the prey seized is taken hold of by the tongue ; the free extremity and

ui)per surface of which is seen, when highly magnified, to be covered

with regular rows of spiny booklets, all directed backwards, and evi-

dently intended to assist in deglutition (fig. 426, b).

(1495.) The structure of the alimentary canal is extremely simple.

The oesophagus (fig. 427, t) graduaUy dilates into a wide stomachal

cavity that is surrounded on aU sides by the mass of theUver {i)
;
whUe

the intestine (y), in which the stomach terminates, mounting towards

the left side of the neck, ends by an external anal orifice. Two long

and slender salivary glands {w) are placed at each side of the oesophagus,

and furnish a secretion that is poured into the mouth. The precise

character of the bile-ducts has not been satisfactorily determined in

Clio ; but in Pneumodermon, another Pteropod very nearly allied to the

genus we are describing, the stomach itself, which is enveloped on all

sides by the liver, receives the biliary secretion through a multitude of

minute pores.

(1496.) With respect to the real nature of the respiratory apparatus

in Clio much doubt exists. Cuvier regarded the aliform fins as being

subservient to respiration, as well as forming locomotive organs, and

observes that the surfaces of these appendages, seen with the micro-

scope, present a network of vessels so regular, so close, and so delicate,

that it is not possible to doubt that they are intended to perform the

functions of a respiratory apparatus, adding, moreover, that their con-

nexion with the internal vessels and the heart confirms this view of the

nature of these membranes.

(1497.) Eschricht, on the contrary, denies altogether the existence of

any such vascular ramifications as Cuvier describes, asserting that the

appearance alluded to is entirely produced by the spreading out of the

muscular fibres above-mentioned, and that the only vessels visible in the

alar processes are a few arterial branches derived from the aorta.

(1498.) We are still, therefore, in ignorance as to the respiratory
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organs of Clio
: tlio heart, however, is very apparent (fig. 427, m) ; it

is composed of a single auricle and ventricle, enclosed in a periJardium,
and gives off at one extremity a large vessel (m), which Cuvier regarded
as a pulmonary vein, but which Eschricht has proved to be the aorta,
inasmuch as ho has traced its branches to the Hver and the other
internal viscera of the body.

(1499.) The nervous system of this moUusk is easily distinguished,
not only on account of the large proportional size of the ganglia, but
from the circumstance of the nerves being of a pale-red colour. The
ganglia form a ring placed round the oesophagus near the middle of the
neck. There are eight large aiid two smaller ganglionic masses closely
aggregated in this situation ; and from these sources all the nerves of
the body are given off.

(1500.) Prom the large dimensions of the nervous centres, we may be
prepared to expect senses of correspondent perfection of structure. We
have already mentioned the sensitive tentacula protruded from the
hood-like covers that protect the oral apparatus

;
but, in addition to

these, organs of vision are provided, apparently of a very complete cha-
racter. These eyes are two in number, and are placed on the back of
the neck. Each eye has the form of a somewhat bent cylinder, having its

two extremities rounded

off. The anterior end of Fig. 427.

the cylinder is the trans-

parent cornea ; and when
the eye is removed from

the body of the animal

and examined under the

microscope by trans-

mitted light, sundry parts

may be detected in its

interior—sufficient, in-

deed, to indicate the

existence of a choroid

membrane, a vitreous

humour, and a distinct

lens, occupying the or-

dinary positions of these

parts of the visual appa-

ratus.

(1501.) The generative

system of Clio resembles

in all essential particulars

that of the most highly

organized Gasterojioda, and, as- in them, is composed of a complete set

of male organs as well as of ovigorous viscera. According to the views

Viscera of Clio borenlin:/,
</, tcRumcntiii'y membranes

;

7H TO, the heart, giving off a large vessel ; /, crsophagns

;

i, liver; «, intestine ; w, salivary glands; 7i, ovary; o, ovi-

duct; k, testicle; p, its excretory canal: q, bladder-like

organ ; d, wing-like appendages.
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which Cuvior was led to entertain from the dissection of a single

specimen, lie supposed that the ovary (fig. 427, n) gave off a slender

oviduct (o) terminating in a thick glandular canal, the testicle (Z;), which,

beginning by a cJEcal prolongation, and gradually diminishing in diameter

untn it became attenuated into a slender vas deferens (p), ultimately

emptied itself into a smaU round sac {(f)
situated in one side of the neck,

where it communicated with the exterior. Close to the sac, q, the

illustrious French anatomist pointed out another vesicle (r), which he

compared to the bladder {sperm.atheca) of Gasteropod MoUusks. The

more complete researches of Professor Eschricht, however, have ren-

dered considerable modifications of the above description requisite,

inasmuch as that gentleman has succeeded not only in detecting a testis

quite distinct from the ovigerous canal, but also a very complete intro-

mittent apparatus. The testis, in fact, in a fresh specimen is so large

as to occupy a great portion of the visceral cavity ;
and, no doubt, in

the individual examined by Cuvier, which had been kept in spirits of

wine, it formed a large portion of the mass (fig. 427, i) which he thought

to be entirely made up of the liver. The duct from this testis commu-

nicates with the receptacle {q) ; so that the glandular canal {h) must be

regarded as a part of the oviduct, analogous to what has been called the

uterus in the Snail.

(1502.) Another important discovery for which science is indebted to

the Danish Professor is that the Clio possesses a long and singularly

formed penis (425, c, h), lodged, when retracted, in the interior of the

head of the Pteropod, but which, together with the bladder (g), in

which it was contained, can be extruded from the right side of the neck

to such an extent that it nearly equals in length the whole body of the

little creature.

(1503.) The mass formed by the viscera occupies but a smaU space

in the general cavity of the body. The external investment of the

visceral sac is a thin semitransparent skin (fig. 427, /) of soft texture

;

and within this is a second covering (g), thicker than the first, and

exhibiting very distinct muscular fibres, principally distributed in a

longitudinal direction, so that their action would seem to shorten the

animal and make its shape more spherical.

(1504.) What fills up the space that intervenes between the mus-

cular tunic and the viscera is as yet undetermined ; but Cuvier, in the

memoir above referred to, suggests that it may possibly contain air,

which, as it should be compressed or allowed to expand, would form a

kind of swimming-bladder, and allow the animal to mount to the surface,

or sink into the recesses of the sea, with little effort or exertion of

muscular power.

(1505.) The other, genera included in this class agree in their general

form, and in the arrangement of their digestive and reproductive

organs, with Olio above described, but present a few important modi-
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fications in the disposition of thoir branchia), and other minor cir-

cumstances.

(1506.) In Hyalcca the mantle contains a shell, composed of two un-
equal plates, one of which is dorsal, and the other ventral ; and the
branchiffi, which are hero distinctly recognizable, form a circle of vascular

leaflets enclosed in a cavity of the mantle situated between the divisions

of the shell, and so disposed that the water has free admission to them
through the two lateral fissures of its testaceous defence.

(1507.) In Pneumodermon the branchiEE occupy a totally different

situation, the branchial leaflets being arranged in semicircular lines

upon the posterior extremity of the animal ; but such modifications of a

general type of structure are of more interest to the zoologist than to

the physiological reader, and our space warns us that we have yet

to encounter forms of life widely different from any that have hitherto

fallen under our notice.

CHAPTER XXIII.

CEPHALOPODA * (Cuvier).

(1508.) We now arrive at the highest order of MoLmscA, composed

of animals distinguished by most strange and paradoxical characters,

and exhibiting forms so uncouth, that the young zoologist who for the

first time encounters one of these creatures may well be startled at the

anomalous appearance presented by being so remote in their external

construction from every thing with which he has been familiar.

(1509.) Let him conceive an animal whose body is a closed bag, con-

taining the viscera connected with digestion, circulation, and reproduc-

tion, furnished with a head and staring eyes—that upon the head are

supported numerous and complex organs of locomotion, used as feet or

instruments of prehension—moreover, that in the centre of the loco-

motive apparatus, thus singularly situated, is a strong and sharp hornj'

beak resembling that of a parrot—and he will rudely pictui-e to himself

a Cephalopod, such as we are now about to describe.

(1510.) The Octopus vulgaris, or common Poulj)e, represented in the

next figure, will servo as an example calculated to prove, we apprehend,

that the above is no exaggerated statement; and should the student

unexpectedly observe an animal of this kind walking towards him upon

the beach in the position there delineated, his curiosity would doubtless

bo excited to learn something of its habits and economy.

(1511.) Yet not only can tlie Pouipe walk in the maimer cxliibitcd

* Ke<pa\i), the head
;

ttovs, iro5b9, tlio foot.
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in the subjoined figure (fig. 428), but it is well able to swim, if occasion

require,—the broad fleshy expansion that connects the bases of its eight

legs being fully adequate to enable it to adopt such a mode of progres-

sion
;

for, by vigorous flappings of this extensive organ, the animal

actively impels itself through the water in a backward direction and

slioots along with wonderful facility.

(1512.) The feet or tentacula appended to the head are not, however,

exclusively destined to effect locomotion : they are used, if required, as

agents in seizing prey, and are of so terrible a character, that, armed with

The Poulpe (Ociopiw vulgaris).

these formidable organs, the Poulpe becomes one of the most destructive

inhabitants of the sea ; for neither superior strength nor activity, nor
even defensive armour is sufficient to save its victims from the ruthless

ferocity of such a foe. A hundred and twenty pairs of suckers, more,

perfect and efficacious than the cupping-glasses of human contrivance,

crowd the lower surface of every one of the eight flexible arms. If the
Poulpe but touch its prey, it is enough : once a few of these tenacious

suckers get firm hold, the swiftness of the fish is unavailing, as it is soon
trammelled on all sides by the firmly holding tentacula and dragged to
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tho mouth of its destroyer. The shell of the Lobster or of the Crab is a
vain protection ; for the hard and crooked beak of the Cephalopod easily

breaks to pieces the frail armour ; and even man himself, while bathing,
has been entwined by the strong arms of gigantic species, and struggled
in vain against a grasp so pertinacious.

(1513.) In the genus Octojms the arras are only eight in number, and
nearly of equal length ; but to tho Calamaries {Lolicjo) and other genera
an additional pair is given, which, being prolonged considerably beyond
the rest, are not merely useful for seizing prey at a distance, but become
convertible to other purposes, and may be employed as cables whereby
the Cephalopods so furnished ride securely at anchor in a tempestuous
sea,—the suckers being placed upon an expanded disk, situated (fig. 430)
at the extremity of the elongated tentacula, and thus rendered capable

of taking firm hold of the surface of a

rock or other fit support. The poste- ^'g- "^SO.

rior extremity of the body is, in such

forms, generally provided with two

broad muscular and fin-like expansions

(fig. 430), evidently adapted to assist

in sculling the animal along.

(1514.) Wonderful as are the pro-

visions above described for ensuring

food and safety to these formidable in-

habitants of the sea, it is only by an

attentive examination of the individual

suckers, so numerously distributed over

the tentacula, that the reader will fully

appreciate the mechanism we are so

inadequately describing. Machines of

human construction admit of being

variously estimated, as they are found

to be more or less adapted to accomplish

the object of the contriver ; but in es-

timating the works of the Deity all

degrees of comparison are merged in

the superlative
;

every thing is best,

completest, perfect.

(1515.) Examine any one of these

thousand suckers. It is an admirably

arranged pneumatic ajDparatus—an air-

inimp. The adhesive disk (fig. 429, a)

is composed of a muscular membrane,

its circumference being thick and fleshy, and in many species supposed

by a cartilaginous circlet, so that it can be applied most accurately to

any foreign body. In the centre of the fleshy membrane is an aperture

Structure of the tentacular suckers in

the Cephalopoda. A. Detached sucker,

viewed obliquely. B. Portion of tentacle,

with suckers tji niiu, one of the latter seen

in section: a, its fleshy margin; i, in-

ternal chamber
;

c, piston
; d, cut surface

of divided tentacle.
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leading into a deep cavity (b, b), at the bottom of wliich is placed a

prominent piston (c), that may be retracted by muscidar fibres provided

for the purpose. No sooner therefore is the circumference of the disk

placed in close and air-tight contact with the surface of an object, than

the muscular piston is strongly drawn inwards, and, a vacuum being

Pig. 430.

Onyclioteuthis, showing the structure of the arms.

thus produced, the adhesion of the sucker is rendered as firm as

mechanism could make it.

(1516.) Yet even in this elaborate and wonderful system of prehensile

organs would seem, in some cases, to be insufficient for the purposes of

nature. In the powerful and rapacious OnycholeidJiis (fig. 430), tlie
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cupping-glasses which arm the extremities of their long pair of mus-
cular arms are rendered still more formidable; for from the centre
of each sucking-cup projects a strong and sharp hook, which is plunged
by the action of the sucker deeply into the flesh of struggling or slippery
prey, and thus a firm and most efficient hold upon the seized victim is

secured. Nor is this all that claims our admiration in the organization
of the arms of Onyclioteutliis : at the base of each fleshy expansion that

Fig. 431.

Argonaut (Argonauta argo). (After Poli.)

supports the tenacious and fanged suckers above described is a small

group of simple adhesive disks, by the assistance of which the two arms

can be locked together (fig. 430, a), and thus be made to cooperate in

dragging to the mouth such powerful or refractory prey as, singly, the

arms might be unable to subdue—an arrangement which has been

rudely imitated in the construction of the obstetric forceps *.

* CyclopoecTia of Anatomy and Physiology, art. Cepiiai-opoda.
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(1517.) The Argonaut constitutes the type of another family of the

Cephalopoda, and is remarkable as being the inhabitant of a sheU of

exquisite beauty, familiaily known as that of the Paper-Nautilus—

shell which, from remote antiquity, has been decorated with all the

ornaments of fiction, and celebrated alike by Poetry and her sister Arts.

(1518.) It was, indeed, to this Cephalopod that the ancients assigned

the honour of having first suggested to mankind the possibility of tra-

versing the sea in ships ; and nothing could be more elegant than the

little barque in which the Argonaut was supposed to skim over the

waves, hoisting a pair of sails to the breeze, and steering its course by

the assistance of oars provided for the purpose.

(1519.) The figure annexed (fig. 431), given by PoH in his magnifi-

cent work already referred to*, was in perfect accordance with the

generally received opinion ; and on such respectable authority we are

not surprised to find Cuvier assenting to and sanctioning the statement

that, when the sea is calm, fleets of these Httle sailors might be seen

navigating its surface, employing six of their tentacula or arms instead

of oars, and at the same time spreading out two, which are broadly

expanded for the purpose, instead of sails. Should the waves become

agitated, or danger threaten, the Argonaut, as we are told, draws in his

arms, lowers his sail, and, settling to the bottom of his shell, disappears

beneath the waters.

(1520.) It is a thankless office to dispel the pleasant dreams of imagi-

nation
;
yet such becomes our disagreeable duty upon this occasion.

M. Sander Eang, in a recently published memoir upon this subject f,

has, from actual observation, apparently established the following facts :

—1st, that the belief, more or less generally entertained since the time

of Aristotle, respecting the skilful manoeuvres of the Poulpe of the

Argonaut in progressing by the help of sails and oars on the surface of

the water, is erroneous. 2nd. The arms which are expanded into mem-

branes have no other function than that of enveloping the shell in

which the animal lives, and that for a determinate object to be ex-

plained hereafter. 3rd. The Poulpe, with its shell, progresses in the

open sea in the same manner as other Cephalopods. And lastly, that

when at the bottom of the ocean, the Argonaut, covered with its shell,

creeps upon an infundibuhform disk, formed by the junction of the

arms at their base, and presenting (alas !) the appearance of a Gastero-

pod moUusk.

(1521.) It is not a little remarkable that the same animal should,

even in these days, be the subject of the extremes of credulity and

scepticism; yet such has been the case with the Argonaut. While

zoologists were contented to allow the creature in question the reputa-

* Testacea utriusque Siciliae.

t Guerin's 'Magasin do Zoologie.' Translated in tho Magazine of Natural

History, vol. iii. new scries, p. .521.
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tion of being an active and skilful navigator, it has been very generally
stigmatiised as a pirate, which, having forcibly possessed itself of the
shell of another animal, lived therein, and made use of it for its own
pnrposea. It was in vain to urge, in opposition to this calunniy, that
the Argonaut was never found in any other shell than the beautiful one
represented in the preceding figure, that no other creature had been
pointed out as the real fabricator of its very remarkable abode, that,
whatever the size of the Poulpe, it occupied a residence precisely corre-
sponding in dimensions with those of the possessor. The apparent
want of resemblance between the outward form of the animal (fig. 433)
and that of its fragile covering, together with the absence of any mus-
cular connexion between the two, were looked upon as furnishing suf-
ficient evidence of its parasitical habits. The careful observations of
Madame Jeanuette Power, however, to be noticed more at length here-
after, and those of M. Sander Eang, above alluded to, have completely

Fig. 482.

AnimaX of the l^duHlus Fompilinn. {"Aftpr Owen.) ff, s, chambers of sheli ; A, A, sipliunclp

;

a, a, mantle; b, fold of the mantle on the exterior of the shell;
ff,

lateral muscle ; «, hood

;

t, infundibulum
; o, o, tentacles; m, eye ; p, tactile processes; r, isolated tentacle.

settled the so long agitated question
;
and, the Argonaut having been

watched carefully from the state in which it leaves the egg until it

arrives at maturity, the manner in which it forms and repairs its frail

shell is now satisfactorily understood.

(1522.) A still more interesting group of CEriiALOPons, and one which

in former periods of the world has been .extensively disseminated, in-
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habited chambered shells. But of all the varied forms of these crea-

tures, whoso remains arc so abundantly met with iu a fossil state, and

known by the names of Ammonites, Belemnites, Nummulites, &c., two

species only have been found to be at present in existence—the Spirula,

an animal as yet imperfectly known, and the Nautilus Pompilius, of

which the only specimen obtained in modern times* has been the

subject of a monograph by Professor Owen, who has most completely

investigated its general organization and relations with other families

of the Cephalopoda. The shell of the Pearly JSTautilus (N. Pompilius)

is extremely common, and may be met with in every conchological

collection, notwithstanding the rarity of the creature that inhabits it

—

a circumstance, perhaps, to be explained by the fact that the living

animal dwells in deep water, and when it comes to the surface is so

vigilant against surprise that at the slightest alarm it sinks to the

bottom. On making a section of the shell, its cavity is found to be

partitioned off by numerous shelly septa into various chambers (fig.

432, s s), in the last of which the body of the mollusk is situated. A
long tube or siphuncle (7t h), partly calcareous and partly membranous,

passes through all the compartments quite to the end of the series.

The membranous siphuncle is continued into the animal, and terminates

in a cavity contained within its body, hereafter to be described, which

is in free communication with the exterior.

(1523.) Various conjectures have been indulged in concerning the

end answered by the camerated condition of the shell in these MoUusca.

Dr. Hooket suggested the idea that the chambers might be filled with

air generated by the Nautilus, and thus made so buoyant that the

specific gravity of the animal and its shell should correspond with that

of the surrounding medium, and that, acting in the same manner as the

swimming-bladder of a fish, the creature would float or sink, as the air

thus imprisoned was alternately compressed or rarefied. Should this

supposition be correct, it would seem probable, as Dr. Buckland has

pointed out, that the simple retraction of the head, by injecting water
from the chamber within its body {pericardium) into the membranous
siphuncle, would cause the needful condensation of the air contained iu

this singular float, and allow the Nautilus to sink to the bottom ; while

the protrusion of its arms, by taking off the pressure, and thus allowing

of the expansion of the confined air, would give every needful degree of

* For this invaluable addition to zoological knowledge, science is indebted to

George Bennett, Esq., who obtained the living animal near the island of Erromanga,
New Hebrides. " It was found in Marekini Bay, floating on the surface of the water
not far distant from the ship, and resembling, as the sailors expressed it, a dead
tortoiscshell cat in the water. It was captured, but not before the upper part of
the sliell had been broken by the boat-hook in the eagerness to take it, as the animal
was sinking wlicn caught." (Dr. Bennett's Journal.)

t Philosophical Experiments and Observations. 8vo, 1726.

2 K
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buoyancy, even sufficient to permit the mollusk to rise like a balloon to

the top of the sea.

(1524.) The body of this Cephalopod is covered with a thin mantle
{a a), of which a large fold (b) is reflected on the exterior of the shell.

It is securely fixed to its residence by two lateral muscles, the insertion

of one of which is seen at (/. A large coriaceous hood (n) covers the

head, and, when the creature retreats into its habitation, closes the

entrance like a door, while through the infundibulum (i) the ova and
excrementitious matters are expelled from the body. The most re-

markable feature, however, exhibited in the external conformation of

Nautilus is the conversion of the sucker-bearing arms of other Cepha-
lopods into an elaborate apparatus of tentacular organs appended to

the head (o o) ; but these, as well as the eye (m), will be more minutely

described as we proceed.

(1525.) Turning our attention to the anatomical structure of the

Cephalopoda, we find that in all of them the exterior of the body is

entirely formed by an intricate interlacement of muscular fibres. The
sac that contains the viscera, itself muscular, is united to the head by

strong and largely developed fasciculi ; the funnel (fig. 433, a), through

which, as through a fleshy pipe, the products of excretion, as weU as

the eggs or seminal fluid, are ejected, is formed of a tissue similarly

endowed with contractility ; while the arms are composed externally of

muscles disposed in various directions, and moreover have their central

portion occupied by strong bands, which traverse them longitudinally

from end to end, so that they are thus gifted with all needful powers of

motion, and may be shortened, elongated, or bent in any direction at

pleasure.

(1526.) In those natatory species which, like Loligopsis, or Onyclio-

teuthis (fig. 430), have fins appended to the sides of the visceral sac,

these organs likewise are made up of muscular substance
;
and, being

thus converted into broad moveable paddles, they also form efficient lo-

comotive agents.

(1527.) One important circumstance observable in the class before

us must not be forgotten in connexion with tliis portion of the history

of the Cephalopods. We may remind the student that, in the verte-

brate division of animated nature, to which these creatures immediately

lead us, the locomotive system is supported by an internal vascular and

living skeleton, composed either of cartilage, as is the case in the most

imperfect vertebrated genera, or, in the more higlily organized forms, of

bones articulated with each other, and possessing within themselves

the means of growth and renovation derived from the blood whicli

permeates them in every part. The reader -wall remember that, in all

the classes that have offered themselves to oui- notice, Ave have not

hitherto observed any thing at all comparable to an internal osseous

framework such as Man possesses— dead, extravascular shells, formed
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by successive depositions of layers of calcareous material, or jointed

cuticular armour equally iucapablo of growth, having as yet repre-

sented the skeleton, and formed the only levers upon which the muscular

system could act in producing tlie movements connected with loco-

motion.

(1528.) Having, however, already had frequent opportunities of

seeing how gradually nature proceeds in effecting the development of a

new series of organs, we might naturally be led to expect in the crea-

tures before us some faint indications, at least, of our approach to

animals possessed of an internal bony framework ; and our expectations

in this particular will be found on investigation to be well grounded-

It is, in fact, in the Cephalopoda, the highest of the molluscous classes,

that the rudiments of an osseous system for the first time make their

appearance,—not, indeed, as yet composed of perfect bone, but formed

of cartilaginous pieces—some being so disposed as to protect the gan-

glionic mass above the oesophagus, which now from its size well deserves

the name of brain, whilst others serve to afford bases of attachment to

the muscular system in different regions of the body.

(1529.) The most important piece met with in the cartilaginous ske-

leton of the Cuttlefish encloses and defends the brain, and therefore is

most appropriately called the cranial cartilage, being correspondent,

both in position and office, with the cranium of a vertebrate animal.

This rudimentary cranium embraces the oesophagus with a cartilaginous

ring, encases the brain, affords passage to the optic nerves, and gives off

orbital plates for the proteotion of the eyes. The cranial cartUage

likewise gives a firm origin, to the muscles of the locomotive tentacula

appended to the head, and, moreover, contains within its substance an

auditory apparatus, presenting the earliest condition of an organ of

hearing such as is met with in the vertebrate division of the animal

kingdom ; in every respect, therefore, it claims to be regarded as the

first appearance of a skull. Another broad cartilage is imbedded among
the muscles at the base of the funnel ; and two distinct plates, situated

in the lateral fins of such species as possess appendages of that descrip-

tion, offer, undoubtedly, the rudiments of those portions of the skeleton

that sustain the locomotive limbs of quadrupeds.

(1530.) But while we thus see in the Cephalopoda the earliest form
of an internal osseous skeleton, we cannot be surprised to find these

mollusks still retaining, at the same time, the tegumentary calcareous

shell or epidermic skeleton of inferior animals.

(1531.) On slitting up the mantle of a Calamary {Loligo) along the

mesial line of the back, it is found to contain a large cavity, wherein is

lodged a long plate of horn, called the gladius, which in shape is not
inaptly compared to the blade of a Roman sword. This enclosed horny
substance, notwithstanding the dissimilarity of texture, is, in fact,

strictly analogous to the enclosed shell of the Slug, described in a

2 IX 2
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former page ; and its gix)wth is cfFocted in the same manner, namely by

an exudation of corneous material from the floor of the chamber that

contains it ; and this horny secretion, hardening as it is deposited layer

by layer, adds to the dimensions of the gladius as the growth of the

animal proceeds. Several of these plates may be produced in succes-

sion ; and in old individuals it is not uncommon to find two or three

enclosed in the same cavity, and placed one behind the other—that

nearest the visceral aspect of the chamber being the most recently

formed. These rudimentary shells have no connexion whatever with

the soft parts of the Calamary, to which, indeed, they are so little ad-

herent that they fall out as soon as the sac wherein they are secreted is

laid open.

(1532.) In the Cuttlefish {Sepia officinalis) the dorsal plate (os

Sepim) is found in the same situation as the gladius of the Calamary,

from which, however, it differs remarkably both in texture and com-

position. The " cuttle-hone;' with the appearance of which every one

is famiHar, is principaUy composed of calcareous substance, and, were

we to judge of its weight from its bulk, would seem calculated mate-

rially to interfere with the movements of an aquatic animal destined to

swim about, and consequently needing whatever assistance might be

derived from lightness and buoyancy. Did a creature so apparently

destitute of natatory organs possess a swimming-bladder like that of a

fish, to assist in supporting it in the water, we should conceive such an

apparatus to be far more adapted to its predatory habits than a shell so

bulky as that which it is destined to carry,

(1533.) We have, however, already seen, in the case of the Nautilus,

that it would be by no means impracticable to convert a sheU into a

float nearly equalling a swimming-bladder in efficiency ;
o^

accurate examination it becomes obvious that in the bone of the Cuttle

we have a provision of a similar nature, though the end arrived at is

obtained in a very different manner. On making a section of a cuttle-

bone it will be found to be composed of numerous stages of very thin

calcareous plates, placed at some distance above each other, and kept

anart by the interposition of vertical laminae of the same substance

having, from the tortuosity of their meanderings, the appearance of

millions of microscopic piUars. Thus organized, the sheU in question

becomes sufficiently light to float in water, and consequently, from it.

buoyancy, no doubt assists, instead of impeding, the movements of the

Zl usk This admirable float, like the horny gladius of Lohgo, is lodged

membranous capsule and enclosed in the back of the Se^ra, having

r;Sh"ihe sides of the cavity wherein it is

placed, being so loosely adherent that it readily falls out on opening the

'^1534.) The " cMone " is formed in the same ^^^^^^fJ^'?^!
BheUs, by the continued addition of calcareous lamma) secreted by that
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ride of the containing cpaule which is
'^l^^tt

the ahdominal viscera ; and these layers, bemg snecesswe y ac de<l t

ventr. snrface e, the ^^^^Z^oT^

SO caUed ; it receives neither vessels nor nerves, but is m all respe

Fig. 433.

Animal of the Argonaut out of its shell : a, the siphon; 6, the so-called
;

c, the head

;

Animal oi
_

^^^^ locomotive tentaoula. (After Poll.)

a dermal secretion, imbedded in the mantle, and formed in the same

manner as the dorsal plate of the Slug.

(1535.) We now come to consider the long-disputed question relative

to the nature of the shell of the Argonaut The Poulpe that inhabits

the elegant abode represented in a preceding figure (fig. 431), when

removed from its testaceous covering, has the general form of an Oc-
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top^is. Its body (fig. 433) is enclosed in an ovoid muscular sac (d) ;

and the head is surmounted by eight long sucker-bearing arras, of
which six (e, f) taper gradually from their origins to their extremities,

while the other two, formerly regarded as sails, and which we slifill

continue to designate by their ordinary name, vela, expand into broad
membranes (6).

(1536.) M. Sander Eang, who, during a residence at Algiers, had
ample opportunity of studying the living Argonaut, ascertained that in

the figure copied from Poll, which we have given in a preceding page,

the animal is placed in its shell in a reversed position, and that, when
alive, the creature is always found with its veliferous arms turned

towards the spire of its abode, instead of in the opposite direction, as

represented in the drawing referred to. Moreover the vela, instead of

forming sails, are invariably tightly spread out over the external surface

of the shell (fig. 434), which they cover and entirely conceal from view.

Fig. 434.

Argonaut. (After M. Sander Kang.)

With its veliferous arms thus firmly embracing its abode, the Argonaut

has two modes of progression. It can raise itself from the bottom, and

sport about at the surface of the water ; but this is simply effected by

the ordinary means used by Calamaries and Cephalopods in general,

namely by admitting the sca-water into its body and then ejecting it

in forcible streams from its funnel, so as to produce a retrograde motion,

which is sometimes very rapid. Its usual movements, however, are

confined to crawling at the bottom with its head downwards ; and in

this way it creeps, carrying its shell upon its back.

(1537.) The reader will obtain a better idea of the real appearance of

the Argonaut in its shell by inspecting the annexed copy of M. Hang's

figure than from any verbal description ; and we borrow that gentle-
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man's own account of its general appearance*. The membranous por-

tions of the expanded arms, dHated beyond any thing we could have

pictured to ourselves while knowing the animal merely by specimens

preserved in spirits of wine, are spread over the two lateral surfaces of

the shell in such a manner as to cover it completely. The application

of these membranes is direct, and without any puckering or irregularity

whatever—the lower part of the two large arms being stretched, so as

to form a kind of bridge over the cavity left between the back of the

moUusk and the retreating portion of the spire. When the mollusk

contracts, it frequently draws in more or less completely its large arms

and their membranes, so as partially to uncover the shell in front, as is

represented in the figure (fig. 434).

(1538.) There is little doubt that the vela of the Argonaut, which

thus envelope its abode, are the organs employed in constructing the

brittle fabric, and the agents whereby fracture and wounds in the

shell are repaired and filled up.

(1539.) The positive experiments of Madame Powerf leave no doubt

upon the subject ; for not only did that lady, by rearing young Argo-

nauts from the egg, watch the first appearance and earliest growth of

the shell, but, by breaking the testaceous covering of adult specimens,

she found that they could readily repair the damage inflicted. Being

desirous of observing the manner in which this operation was accom-

plished, the lady to whom science is indebted for these interesting

researches examined an individual on the day after its shell had been

intentionally broken, and found that the aperture was already covered

by a thin glutinous lamella, which, although as yet as delicate as a

cobweb, united the margins of the fracture. The next day the lamella

had become thickened to a certain degree and more opaque ;
till at

length, at the end of ten or twelve days, the new piece had become

quite calcareous. Madame Power is likewise certain that, while in the

act of mending the fractures, the Argonaut applied its vela to the exte-

rior of the shell, and wrinkled them upon it ; whence they may naturally

be regarded as being the source from which the glutinous secretion that

finally became hardened into shell proceeded.

(1540.) In order to understand the manner in which the remarkably

constructed camerated shells, such as those of Nautilus, are produced,

it is not necessary to imagine any deviation from the simple mode of

Ijrocedure adopted in all the cases we have as yet considered. The

continual elongation of the spiral cone is, as is evident from the lines of

growth visible upon its outer surface, efi'ected by the addition of suc-

* For more ample details upon this subject, the reader is referred to an excellent

translation ofM. Eang's paper contained in Mr. Charlesworth's Magazine of Natural

History, new series, vol. iii.

t Magazine of Natural History, April 1839, " Observations on the Poulpe of the

Argonaut," by Madame Jeannetto Power.
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Fig. 435.

cessive layers to the margin of the aperture of the last-formed chamber,
wherein the creature resides ; and as the production of the calcareous
secretion whereby the shell is enlarged is most rapidly effected upon
that side of the body where the funnel (fig. 432, i) is situated, the
gradually expanding shell naturally revolves around an excentric axis.

While the growth of the shell continues, the animal is constantly ad-
vancing forwards, and thus leaves the first-formed portions of the shell

unoccupied. At intervals, as the Kautilus thus removes itself further
and further from the bottom of its abode, that portion of its mantle
which covers the general surface of its visceral sac (fig. 432, a) secretes

at distant intervals floors of shelly substance behind it ; and thus the
septa (s s) are formed, whereby the shell is separated into chambers,
every chamber having in turn been

occupied by the body of the Nautilug.

The gradual prolongation of the fleshy

siphon (Ji) is easily understood, be-

cause it naturally increases in length

with the growth of the animal ; but

how the two muscles (fig. 432, g), that

fix the body to the shell, progressively

advance their points of attachment

as the shell enlarges, is not so readily

explained ; neither are we prepared

to account satisfactorily for the ac-

complishment of this part of the

process.

(1541.) It has been already stated

that in all Cephalopods the aperture

of the mouth is situated in the centre

of the disk formed by the union of

the origins of the feet (figs. 430, 437).

The oral orifice is generally sur-

rounded by a broad circular lip (fig.

435, A, a), which being not unfre-

quently fringed or papillose, there is

little doubt of its possessing sufficient

sensibility to render it of material

assistance in manducation.

(1542.) The circular lip partially

conceals a pair of strong horny man-

dibles, not unlike the beak of a

parrot, but diff'ering in this parti-

cular, that in the Cephalopod the

upper mandible is the shorter of the two, and is overlapped by the

lower jaw. The mandibles detached from the soft part arc represented

Jaws of the Cuttlefish. A : n, nesli3'

orifice of the mouth; 6, muscular muss
of the mouth; c, mandiljles; rf, oo-^o-

phngus. B, horny beak of the Cuttle-

fish, in outline.
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in fig. 435, B, a, 6. There is Hkewise another important difference between

the structure of the beak of the Cuttlefish and that of the Bird, inasmuch

as in the former there is no bony support to the horny jaws, and con-

sequentiy some other means of sustaining them must be had recourse to.

We accordingly find the place of the jaw-bones suppHed by a fibro-

cartilaginous substance (fig. 436, c) that fiUs the interior of each man-

dible, and thus gives it sufacient solidity for all required purposes.

ExternaUy the jaws are imbedded to a considerable depth in a strong

mass of muscle (fig. 435, 6), composed of several layers of fibres variously

disposed, so as to open or close the jaws with a degree of force propor-

tioned to their large size. Here, therefore, is an apparatus fuUy ade-

quate to cooperate with the elaborately constructed prehensile arms

whereby these predatory animals seize their prey ;
and a victim once

involved in the tenacious grasp of the tentacula, and dragged to this

powerful beak, can have but little chance of resisting means of destruc-

tion so formidable as those granted to the Cephalopod.

(1543.) The mandibles oi Nautilus Pompilius, instead of being entirely

composed of horn (as is invariably the case in those genera that, being

provided with tentacula armed with suckers, are thus capable of seizing

active and slippery animals), would seem to be rather calculated to

break to pieces the testaceous coverings of MoUusca or the armour of

the Crustacea. They possess, indeed, the shape of the jaws already

described, but are blunt at their extremities (fig. 437, n, o), and thick-

ened by a covering of a dense calcareous substance ; so that they appear

manifestly adapted to crush hard substances rather than to cut or lace-

rate the tender bodies of fishes*. The jaws of the Nautilus, like those

of the Octopus above described, are imbedded in a powerful mass of

muscles (jp) whereby they are opened and shut with great force, and

are also provided with a distinct muscular apparatus destined to pro-

trude them when in use, and again to retract the whole mass of the

mouth deeply into the body when unemployed. The mechanism pro-

vided for the protrusion of the mandibles is a strong semicircular muscle

(r r), which firmly embraces the base of the oral apparatus, and by its

contraction pushes it outwards among the labial tentacula (A, 7c); while,

on the other baud, four retractor muscles, the upper pair of which are

represented in the figure referred to {q q), arise from the extremities of

the cranial cartilage, and, running forwards to be inserted into the oral

mass, are the agents whereby the whole is again withdrawn and thus

concealed from view.

(1544.) The tongue of the CEPHAtoronA, as in the MoUusca described

in the last two chapters, is an exceedingly important instrument, and

from its construction would here seem to be an organ of taste as well

as a necessary assistant in deglutition. In the annexed figure, repre-

senting a vertical section of the beak of a very large OnycJioteuthis, the

* Owen, ' Memoir on the Pearly Nautilus.' London, 1832, 4to.
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shape and disposition of the different parts of the tongue are well seen.
The substance of the tongue itself is flowhy (fig. 436, e i) and its

movements are principally performed by the action of its own'intrinfiic

Fig. 436.

Section of the oral apparatus of Omjchoieuthis : a, circular lip sui-rounding the mouth;
6, d, horny beak

; c, cartilaginous substance forming the bulk of the mandible ; e i, muscular
tongue

; /, g, h, lobes upon its surface; k, salivary glands ; I, oesophagus.

muscular fibres : its surface is divided into several lobes (/, (/, 7i), par-
tially invested with a delicate and papillose membrane ; but a large

portion of the organ is covered with sharp recurved horny booklets,

so disposed that with their assistance the morsels of food taken into

the mouth are seized and dragged backwards, by a kind of peristaltic

motion, to the commencement of the oesophagus (Z), The necessity

of the provision thus made for enabling the Cephalopods to swallow the

substances upon which they feed must be at once apparent
;

for, seeing

that the walls of the mouth are formed entirely by the hard and in-

flexible horny beak, it is difficult to. conceive how deglutition could have

been aceomjDlished by any other contrivance.

(1545.) Four salivary glands pour a copious supi^ly of saliva into the

oral chamber : of these, two, situated on the sides of the root of the

tongue, give off distinct ducts, which terminate near the commencement
of the oesophagus ; while the other pair, generally larger than the supe-

rior, are lodged in the visceral sac, on each side of the upper part of the

crop. The inferior salivary glands each furnish an excretory canal ; but
their two ducts soon unite into a single tube whicli. wifli the oesophagus.
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passes through the ring formed by the cranial cartilage, and, piercing

the fleshy mass of the mouth, opens in the neighbourhood of the spmy

portion of the tongue, so that the secretion furnished at this point serves

Fig. 437.

Anatomy of Nautilus Fompiliue (after Owen) : ah c de f, section of the mantle ; g, large

circular flap surrounding the mouth, supporting h, a series of retractile tentacula; i, smaller

lobes, also provided with retractile tentacula; k k, I, presumed olfactory apparatus; m, cir-

cular lip; 51,0, horny mandihlts; p, 5, r, muscular apparatus of the moutli; s, cesophagus;

i, crop ; v, gizzard ; it w, intestine ; x, anus ;
pancreatic organ ; z, z, lobes of the liver.

to moisten the aliment as it is taken up by the lingual hooks to be swal-

lowed. In Onychoteuthis two salivary glands (fig. 43G, h) arc situated

at the root of the tongue ; and their ducts are pointed out in the drawing

by pins introduced into their orifices.

(1540.) The alimentary canal presents the same general structure in



620 CEPHALOPODA.

all the Cephalopod families. The oesophagua (fig. 435, a, d; fig. 437, s),

derived from the posterior part of the fleshy mass of the mouth, passes
through a ring formed in the cranial cartilage, or else, as in Nautilus,

is partially embraced by processes derived therefrom. It soon dilates

into a capacious crop (fig. 437, t), the walls of which are glandular; and
being lined with a m.ueous membrane that is gathered into longitudinal

pUcse, this organ readily admits of considerable dilatation.

(1547.) From the crop, a short passage (fig. 437, u) leads into a

strong muscular gizzard (y) resembling that of a granivorous bird, and
lined in the same manner by a thick coriaceous cuticular layer : in this

gizzard, therefore, the food is gradually bruised and reduced to a pulta-

ceous magma.

(1548.) At a little distance from the gizzard there is, in the Nautilus,

appended to the side of the intestine, a globular viscus {y), which is

hollow ; and its cavity communicates freely with the intestinal canal.

The interior of this organ Professor Owen found to be occupied by broad

parallel laminae, puckered transversely, so as to oflfer a great extent of

surface ; and when examined under a lens, their structure was seen to

be follicular, and evidently fitted for secretion. The bile is poured into

this cavity, at the extremity furthest from the intestine, by a duct large

enough to admit a common probe.

(1549.) In other genera this laminated viscus is represented by a

csecal appendage to the intestine, placed precisely in the same situation

;

and on opening it, its internal surface is found to be increased by a

spiral lamella that winds closely upon itself from one end to the other.

In such cases it is near the apex of the spire that the bile is received

from the Hver ; so that in all essential particulars this spiriform viscus is

precisely analogous to the laminated cavity of the Nautilus. There can

be little doubt that this apparatus represents a capacious duodenum,

and that it is by the extensive surface afi'orded in its interior that the

nutritious portions of the food are separated, as neither the gizzard nor

the intestine itself presents an organization adapted to such a purpose.

With respect to its other uses Professor Owen remarks that its recep-

tion of the biliary secretion renders it in some measure analogous to a

gall-bladder ; but most probably its chief oifice is to pour into the com-

mencement of the intestinal canal a fluid which is necessary for the

completion of digestion ; so that, like the pyloric appendages of fishes, it

might be considered to be the representative of a pancreas.

(1550.) The remainder of the intestine is a simple tube, which, after

one or two turns upon itself, mounts up to the base of the funnel, into

which it opens, and thus allows the excrement to be ejected to a distance

from the body.

(1551.) The liver (fig. 437, z) is of very great bulk when compared

with the rest of the digestive apparatus. In Nautilus it is divided into

four distinct lobes, which are themselves made up of numerous lobules
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of an angular form, each being invested with a very delicate capsule.

On removing the capsule every lobule is seen to be composed ot nume-

rous acini, which with a needle may be readily separated into clusters

connected by the ramifications of theii' excretory duct. In other genera,

such as Octopx,^, wherein these acini have been minutely examined,

they have proved to be deUcate cells or secerning ca^ca wherein the bUe

is elaborated. The excretory canals derived from aU the lobules of the

liver unite by repeated anastomoses, and thus form two mam trunks

which ultimately join, and pour the bihary secretion into the laminated

or pancreatic cavity {y).

(1552 ) In the Cephalopoda, as in all the MoUusca, the bile is sepa-

rated from arterial blood supplied by large vessels derived immediately

from the aorta—no system of veins analogous to the venaj^ortce of higher

animals being as yet developed.
-j j

(1553 ) In the Dibranchiate genera the liver is either undivided or

presents only two lobes; but in other respects its composition and

minute structure are similar to those of the Nautilus.

(1554.) In all the Cephalopoda, with the exception of the Nautilus

PompiUus, there is an orifice in the immediate vicinity of the anus,

through which a coloured secretion, generally of a deep-brown or in-

tense-black colour, can be poured in astonishing abundance ;
and tHs

becoming rapidly diffused through the surrounding water, a means of

defence is thus provided ; for no sooner does danger threaten, or a

foe appear in the vicinity of the Cuttlefish, than this ink is copiously

ejected, and the element around rendered so opaque and cloudy that the

Cephalopod remains completely concealed from its pursuer, and not un-

frequently ensures its escape by this simple artifice. The organ wherein

the inky secretion is elaborated is a capacious pouch, variously situated

in different genera. In Octopus it is enclosed in the mass of the liver

;

in Loligo it is located in the immediate vicinity of the anus ;
and in

Se2na (fig. 438, q) the ink-bag is lodged near the bottom of the visceral

sac. On opening it, and carefully washing away by copious ablution the

ink within, the cavity of the ink-bag is seen to be filled up with a

spongy cellulosity, wherein the blacking material had been entangled ;

and from this cellular chamber a duct leads to the outward orifice,

through which the dark secretion is ejected at the will of the animal,

and squirted from the extremity of the funnel.

(1555.) The Cephalopoda breathe by means of branchiae, and possess

a complex and elaborate circulatory system, organized upon very extra-

ordinary principles, to the consideration of which we now invite the

attention of the reader.

(1556.) The branchiae (fig. 438, g,g) in aU the genera now Icnown to

exist, with the exception of the Nautilus, are two in number, one

situated on each side of the body ; but in the Nautilus PompiUus there

are four branchial organs, two on each side ; and hence Professor Owen
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has divided tlio class into two groat orders, under the names of Dibran-
cUata and TetrahrancJiiata,—the former embracing all the ordinary
genera, while the latter is, as far as we know, only represented in
modern times by the Pearly Nautilus, depicted in a preceding figure.

Fig. 438.

Anatomy of the Cuttleflsh (after Hunter): a a, section of the mantle; h, c, vena; cava»,'

d, spongoid appendages of ditto; e, e, branchial hearts; «i, 711, their lateral appendages;

y>y. ligaments of branohiro; //, branchial organs; h, branchial rein; t, i, systemic auricles

;

k, systemic ventricle ; o, the stomach ; p, the ovaria ; q, the inlc-bag.

(1557.) In both the DihrancMale and Tetrabranchiate orders, each

branchia consists of a broad central stem, to which is appended a series
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of vascular lamella) (seen in figure 438,^) : by this arrangement a very

extensive siu-face is obtained, over which the blood is diflfused for the

purpose of respiration. The respiratory apparatus is lodged within the

visceral sac, but separated from the other viscera by a membranous

septum (fig. 438, t) ; so that a distinct chamber is formed to contain the

branchiiB, into wMch the water is freely admitted—the surrounding

element being alternately drawn into the branchial cavity, by the action

of its muscular walls, through a valvular aperture provided for the pur-

pose, and again expeUed in powerful streams through the orifice of

the funnel. Such, indeed, is the force with which the water is ejacu-

lated through the funnel, that it not only serves to expel from the

body excrementitious matter derived from the termination of the rectum

(fig. 438, s), which opens into the respiratory cavity, but becomes one

of the ordinary agents in locomotion . This mode of progression, although

in fact common to most of the Cephalopod tribes, is remarkably exem-

pHfied in the Argonaut, which, instead of navigating the surface of the

sea, (as has been already stated) simply darts itself from place to place

by sudden and oft-repeated jets thus violently spouted forth, while with

its arms stretched out and closely approximated, and its vela tightly

expanded over the outward surface of its delicate shell, it shoots back-

wards like an arrow through the water.

(1558.) Separated from the chamber in which the branchiae are

lodged, by the membranous partition already mentioned (fig. 438, t), and

likewise distinct from the peritoneum containing the viscera, is a con-

siderable canity, divided by a membranous partition into two compart-

ments, wherein are placed the great trunks of the venous system (d, d).

These chambers, named by Cuvier* the "great venous cavities," are

very remarkable, inasmuch as, although they contain the vence cavce,

which here present a truly anomalous structure, they are lined with a

mucous membrane derived from the branchial chamber, with which they

are in free communication, and whence the external element has free

admission to their interior.

(1559.) It is in this "great venous cavity," called by Professor Owen
the "pericardium,'" that, in the Pearly Nautilus, the siphon which

traverses the partitions of its camerated shell (fig. 432) terminates

;

and the reader will now perceive by what mechanism water received

from the branchial chamber may, in that animal, be injected into its

partitioned shell for the purpose already referred to (§ 1523).

(1560.) In the " great venous cavity," or "pericardium," thus formed,

are lodged the principal venous trunks (fig. 438, d d), into which the

blood derived from all parts of the body is brought by capacious vessels

(h, c c) that may be called the venoi cavcc. The great central receptacles

of the venous blood (d d), whilst they are contained in i\\Q pericardium

(or, rather, project into its interior, being partially covered with the

* Memoire sur la Poulpe.
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mucous membrane that lines its walls), are enveloped by a mass of

spongy appendages of a most remarkable and peculiar description.

These spongy masses are of a yeUow colour, and, when squeezed, they

give out an opake yellowish mucosity* ; but the most interesting cir-

cumstance connected with these bodies is, that they communicate by
large and patulous apertures with the interior of the veins to which

they are adherent. The short canals derived from these apertures are

themselves pierced by very numerous orifices, and so on successively,

until each of the spongy bodies referred to is permeated internally by a

multitude of short vessels leading one into another, and ultimately into

the vein itself. Cuvier supposes that, seeing it is impossible that these

vessels should not be filled with blood, they might themselves be con-

sidered to be veins ; but then their extent, when compared with the very

small arteries of the spongy bodies, forbids us to believe that they have

no other ofiice than that of bringing back into the general current of the

venous circulation blood derived from the arterial ramifications. He
suggests, therefore, that they more probably form diverticula in which

the venous blood may become difiPased, in order to receive, through the

intervention of their spongy waUs, the influence of the surrounding

medium ; so that in this way thej' may be subservient to respiration ;

or else it is possible that the orifices in the veins are the openings of

excretory canals derived from these appendages, through which they

may pour into the vein some substance derived from the water in

which they float. Lastly, it is conjectured that they may be emunc-

tories, through which some principle separated from the blood is dis-

charged from the body through the pores upon their surface—a suppo-

sition rendered more probable, seeing the abundant mucous secretion

that may be extracted from them by pressure. " However this may be,"

observes Cuvier, "it is certain that the communication between these

bodies and the exterior is very open ; for on blowing into or injecting

the vein, the air or injection passes very readily into the cavity that

the vein traverses
;
and, on the other hand, on inflating the cavity from

the branchial chamber, it often happens that the vein becomes filled

with air."

(1561.) Mayer* not only adopts the last of the above-mentioned

suggestions relative to the nature of these spongy appendages to the

great veins of the Cephalopoda, but ventures to bring forward an

opinion that they perform the ofl&ce of the kidneys of higher animals,

and separate from the blood a fluid analogous to the urinary secretion

;

so that, according to this view, the anatomist referred to does not scruple

to designate the chamber called by Professor Owen the "jJei'icardium "

as a urinary bladder; and to the two orifices leading thence to the

cavity in which the branchiae are lodged he would assign the name of

* M6inoire sur la Poulpe.

t Analecten fiii' vergleichende Anatomic. 4to, 1835.
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uretlirce. Professor Owen has suggested that, in addition to their sub-

serviency to secretion, these appendages to the veins of Cephalopods

may be provisions for enabling their sanguiferous system to accommo-

date itself to those vicissitudes of pressure to which it must be con-

stantly subjected, and that they bear a relation to the power possessed

by these animals of descending to great depths in the ocean—thus

answering the same purpose as the capacious auricle and the large

venous sinuses that terminate in the heart of fishes. According to this

view, these follicles relieve the vascular system by affording a tempo-

rary receptacle for the blood whenever it accumulates in the vessels,

owing to a partial impediment to its course through the respiratory

organs, serving in this manner to regulate the quantity of blood sent to

the branchiae*.

(1562.) In Nautilus Professor Owen found, in addition to the spongoid

appendages connected with the veins, lodged in what he denominates

the "pericardium," that the great trunk of the vena cava itself presents

a structure precisely analogous to what has been already described

when speaking of the venous system oiAplysia among the Gastebopoda

(§ 1423), namely a free communication between the interior of the vein

and the cavity of the peritoneum f. The vein is of a flattened form,

being included between a strong membrane on the lower or ventral

aspect, and a layer of transverse muscular fibres which decussate each

other on the upper or dorsal aspect. The adhesion of the coats of the

vein to the muscular fibres is very strong ; and these fibres form in

consequence part of the parietes of the vein itself throughout its whole

course. But there are several small intervals left between the muscular

fasciculi and corresponding round apertures both in the vein and in the

peritoneum ; so that the latter membrane at these points seems to be

continuous with the lining membrane of the vena cava. The distin-

guished anatomist referred to counted as many as fifteen of these

openings ; and most of them were sufficiently large to admit the head of

an eye-probe. Here, therefore, as in Aplysia, there are direct com-

munications between the interior of the vena cava and the great serous

cavity of the abdomen ; and moreover, in both instances, from the pecu-

liar muscular structure of the vein at the part where these orifices occur,

their use appears to depend on, or to be in connexion with, a power of

regulating their diameters +.

(1563.) The blood derived from the great venous receptacles (fig.

438, c, c) is at once conveyed to the branchife, and distributed through

all the lamellae {g g) which enter into the composition of the resjuratory

apparatus. Two distinct hearts, one placed on each side of the body,

are interposed between the branchiae and the great trunks of the venous

system, serving by their action forcibly to drive the blood through the

* Memoir on Nautilus Pompilitts, p. 34.

t Op. cit. X Op. cit. p. m.
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ramifications of the brauoliial arteries. These lateral hearts (fig, 438, e e)

are of a blackish colour, and their walls moderately thick : internally

their cavities arc filled with intercommunicating cells ; and moreover a

strong mitral valve is placed at the orifice through which they receive

blood from the veins, as well as smaller valvules at the origin of the

branchial arteries ; the latter enter the principal stem of the branchia;,

and, running beneath the ligament (/), divide and subdivide, so as to

be dispersed over all the branchial leaflets.

(1564.) In Sepia there is appended to each lateral heart a fleshy

appendage (m, m), which, however, is not met with in the generality of

Dibranchiate Cephalopods. These bodies are attached to the hearts by
narrow pedicles ; and Professor Owen considers them to be rudiments of

the additional pair of branchiae met with in the Pearly Nautilus.

(1565.) In Nautilus Pompilius the hearts just mentioned do not exist,

doubtless because the greater extent of surface aff'orded by the four

branchias of this Cephalopod renders the presence of extraordinary

agents for impelling the blood through them, in order to ensure efficient

respiration, unnecessary.

(1566.) After undergoing exposure to the surrounding medium in the

extensive ramifications of the branchial arteries, the purified blood is

returned to the organs belonging to the systemic circulation. In Sepin

it is first received from the branchiae by two dilated sinuses (fig. 438, i, i),

which might almost be regarded as systemic auricles ; and from these it

passes into a strong muscxilar cavity (Jc), which corresponds in function

with the left ventricle of the human heart, and by its pulsations forcibly

propels the blood through all the arterial ramifications of the vascular

system. Two aortse, one derived from each of its extremities, arise

from the systemic ventricle, the commencement of each being guarded

by' strong valves so disposed as to prevent all reflux towards this central

heart ; and thus the circuit of the blood, accomplished in this compli-

cated system of blood-vessels, is completed. In Nautilus the lateral

sinuses are wanting, and the systemic ventricle is of a square shape

;

but in other respects the course of the circulation is the same as is

above described.

(1567.) In the Poulpe (Octopus vulgaris)*, the blood thus distri-

buted through all parts of the body by the arterial vessels returns

towards the branchiae through a system of venous canals composed

partly of vessels furnished with distinct parietes, partly of a series of

lacunae or spaces only circumscribed by the circumjacent parts.

(1568.) The veins derived from the anus and the cephalic region, in

conjunction with those of tbe siphuncle and the great visceral veins, at

length unite and form by their union the two venae cavae (fig. 438, c, c),

through the intervention of which the greater part of the blood is con-

ducted to the preliminary hearts (fig. 438, e e). So far these venous

* Milne-Edwards, Ann. dos Sci, Nat. 1845, torn. iii. p. 346.
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tninks offer no very striking peculiarity ; but in the vicinity of the

gizzard they present a very remarkable arrangement: instead ot

being formed by the junction of other smaller veins, they become un-

inteiTuptedly continuous, with an immense venous reservoir which occu-

pies all the dorsal aspect of the abdomen ; indeed they seem to be

a continuation of this membranous reservoir. It is to M. Delle Chiaje^

that the merit belongs of having first indicated the existence of this

curious arrangement ; but while the illustrious Neapolitan naturalist

regards it as being simply a large venous sinus, Milne-Edwards looks

upon it as being the visceral cavity itself, lined with peritoneum, as

in the higher animals, into which the blood is received, and wherein it

bathes directly the pharyngeal mass, the salivary glands, the stomachs,

and the other principal viscera. In the Cuttlefish {Sepia) and in the

Calamary {Lolicjo), the above peculiarities met with in the "Poulpe"

do not exist, so that there is a remarkable accordance between the in-

ternal structure of these Cephalopods and the zoological characters

furnished by the number of their cephalic appendages. In those genera

furnished with only four pairs of arms the venous system is semi-

lacunose in its character, whilst in the ten-armed races it is entirely

vascular throughout the abdomen, although it still presents a lacunose

character in the cephalic region.

(1569.) In the nervous system of the Cephalopoda we may naturally

expect to find not only a superiority in the development of the nervous

centres, as compared with the condition of these important masses in

the lower MoUusca, but some indications at least of an approximation

to that arrangement so eminently characteristic of the vertebrate divi-

sion of the animal world, to the confines of which we are now gradually

approaching—more especially as, in the activity of the movements of

these creatures, and in the increased perfection of their senses, we have

abundant evidence of the elevated position assigned to them when con-

trasted with other moUusks of less carnivorous and rapacious habits.

(1570.) The nervous ganglia from which the muscles and viscera

derive their supply are still numerous and widely scattered ; but their

size is considerable, and proportioned to the importance of the organs

over which they preside. It is to the encephalic portions of the nervous

system, however, that we must principally turn our attention if we

would rightly estimate this part of their economy ; and these, we at

once perceive, have in the class before us attained to such magnitude

and importance that they emulate, no longer dubiously, the brain of a

fish, with which it is not difficult to compare them.

(1571.) In a Cephalopod the encephalon (for so we now may truly

call it) is enclosed, as has been already noticed, in a distinct cartila-

ginous skull, which embraces it on all sides and defends it from injury.

* Istituzioni di Aiiatomia e Fisiologia Comparatn, parte 1", Animali senza Ver-

tebre del Regno di Nnpoli, torn. i.
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Tho capacity of the cranial cavity, however, is more than sufficient to
contain the brain

;
and, as is the case in lishes, the interspace is filled

up with a seraigelatinous substance. The brain, moreover, still forms
a riug, through which the oesophagus passes ; so that we might with
propriety preserve the terms supraoesophageal and infraoesophageal
ganglia, were these parts not now become so intimately united to each
other that they seem fused into a single mass (fig. 442, a b), from
different portions of which, nerves serving very different offices take
their origin.

(1572.) In Nautilus the nervous system has been most minutely and
critically examined; and the important deductions to which the re-

searches of Professor Owen point, relative to the analogies that may be
traced between the encephalon of these creatures and the brain of higher

animals, have served to attach an interest to the study of this part of

the economy of the Cephalopoda which has scarcely as yet been suffi-

ciently appreciated by physiologists.

(1573.) In the Nautilus Pompilius, the supraoesophageal ganglion of

the Gasteropoda is represented by a thick round cord of nervous matter

(fig. 439, i), which is in communication with two nervous coUars (3 3,

i 4) that surround the oesophagus, and likewise with two large ganglia

(2) from which the optic nerves take their origin ; but in the Cuttle-

fish the same portion of the nervous system (fig. 442, a) is much more
largely developed, and presents a ganglionic mass of considerable size.

If we inquire the reason of this want of correspondence in magnitude

presented by the same organ in these two cases, we must necessarily

examine the relations in which this part of the brain stands to other

circumstances in the economy of the two animals in question ; and we
perceive, as Professor Owen has most satisfactorily demonstrated*, that

the brain is here developed in accordance with the relative complexity

of the organ of vision, and also with the perfection of the locomotive

faculties possessed by the Cephalopods under consideration. With the

exception of sundry small twigs given off to the mouth and pharynx,

the optic nerves (fig. 439, 2 ;
fig. 442, e) are the only ones derived from

this part of the encephalon
;

and, as we shaU afterwards see, both

the simply constructed eye of the Nautilus and the complicated visual

organs of the t^epia are correspondent with the development of the supra-

oesophageal brain ; so that consequently the latter may, with every

show of reason, be looked upon as the representative of the optic lobes

found in the encephalon of fishes f, and the analogue of the bigeminal

bodies in the brains of the higher Vertebrata.

(1574.) The ganglia connected with the inferior aspect of the supra-

* Descriptive and Illustrated Catalogue of the Physiological Scries of Comparative

Anatomy contained in the Museum of the Royal College of Surgeons of England,

vol. iii. part 1. p. 187.

t Cyelopoedia of Anatomy and Physiology, art. CEPHAt-oroDA.
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oesophageal mass form two distinct coUars embracing the oesophagus—
an arrangement of which we have already met with an example s Lho

borealis among the Pteropod MoUusca. In Nautilus, the anterior ring

of nervous substance, which no doubt ought rather to be considered

an agglomeration of ganglia than a simple ganglionic mass, gives

off nerves, 1st, to the ophthalmic tentacles (fig. 439, 5); 2ndly, to

the digital tentacles (e) ;
3rdly, there arises, from near the ventral

aspect of the ganglionic collar, a pair of nerves (7), each of which soon

dilates into a large ganglion (s), whence are derived the nerves of the

internal labial tentacles (9) and also other gangliform nerves (10),

distributed to what Professor Owen regards as the olfactory apparatus

;

lastly, the anterior coUar gives ofif nerves (u) which penetrate the mus-

cular integument and supply the infundibulum.

(1575.) In the Dibranchiate Cephalopods, the nerves derived -from

that portion of the brain that may be regarded as analogous to the

anterior collar of Natitilus supply the locomotive sucker-bearing arms,

the labial apparatus, and also the auditory organs (fig. 442, c, d)
;
but

the latter have not been found to exist in Naxdilus PompiUus.

(1576.) There is no possibility of doubting that the above nerves,

distributed as they are to the complex sensitive tentacula connected

with the head and parts of the mouth, represent the fifth pair in the

Vertebrata—their general distribution and semigangUonic character

being, ceteris paribus, precisely similar ; so that those portions of the

brain of vertebrate animals from" which the trifacial and auditory

nerves originate may reasonably be compared to the anterior sub-

oesophageal collar of the Cephalopoda.

(1577.) The posterior snbpesophageal ganglionic ring (fig. 439, 4)

may be compared to the medulla oblongata of quadrupeds. In Nauti-

lus it gives origin, 1st, to numerous nerves (13) which, after a short

course, plunge into the muscular parietes of the body, to which they

are distributed; 2ndly, to two large cords (u) which terminate by

becoming gangliform (le), and supply the branchial apparatus and the

viscera—thus representing the par vagum in their distribution, and in

like manner communicating with branches apparently corresponding

to the sympathetic nerves, that are spread out over the heart and

ramifications of the vascular system
;

lastly, slender nerves, allied to the

sympathetic, accompany the vena cava into the abdomen.

(1578.) Such being the arrangement of the principaVnervous ganglia

and the general distribution of the nerves, we must now turn our atten-

tion to the instruments of sensation possessed by these comparatively

highly gifted animals ; and these, as we shall soon perceive, are in all

respects correspondent, in the perfection of their structure, with the

exalted condition of the brain, and, from their peculiar organization,

highly interesting to the physiologist.

(1579.) The sense of touch, as might naturally be expected, resides
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principally in the tentacula, or feet, as they are generally termed, placed

around the mouth, and forming, as we have already seen, instruments

of locomotion as well as prehensile organs. In the Dibranchiate Cepha-
lopods these tentacula are armed with the tenacious suckers described

in a former page ; but in the Nautilus they arc so peculiar, both in

structure and office, that a more elaborate description of them becomes
requisite, for which, of course, we are indebted to the same source from
which we have derived all our information relative to this extraordi-

nary animal.

(1580.) The head of Nautilus (fig. 432) is of a conical form, and of a

much denser texture than the analogous part in the Dibranchiate Ce-

phalopods : it is excavated in such a manner as to form a receptacle or

sheath, into which the mouth and its more immediate appendages can

be wholly retracted and so completely concealed as to require the aid

of dissection before they can be submitted to examination. The orifice

of this great oral sheath is anterior, its superior parietes being formed

by a thick triangular hood (fig. 432, n) with a wrinkled and papillose

exterior, while the sides give off numerous conical and trihedral processes

(poo): the inferior portion of the cone is thin, smooch, and concave,

and rests upon the funnel (i). From the disposition of the hood, and

the tough coriaceous texture of its substance, it is evident that this part

is calculated to perform the office of an operculum by closing the aper-

ture of the shell when the body of the animal is retracted.

(1581.) The lateral processes (o o o) are thirty-eight in number,

nineteen on either side, irregularly disposed one upon another, and aU

converging towards the oral sheath ; but as the hood itself consists

apparently of two very broad digitations conjoined along the mesial line,

twenty pairs of these lateral appendages may be enumerated. There is

not the slightest appearance of acetabula, or suckers, upon any of these

cephaKc appendages ; but their exterior surface is more or less rugose

:

each is traversed longitudinally by a canal, in which is lodged an annu-

lated cirrus or tentacle (figs. 482, 439), which is about a hne in diameter,

and from 2 inches to 2|- inches in length. In the specimen examined,

a few of the cirri were protruded from their sheaths to the extent of half

an inch, hut the rest were completely retracted, so as not to be visible

externally ; and on laying open some of the canals, the extremities of

several were found as far as a quarter of an inch from the aperture; so

that they appear to possess considerable projectile and retractile powers.

(1582.) To the above forty tentacula must be added four others of a

different construction, which project immediately beneath the margin of

the hood, like antennae, one before and one behind each eye (fig. 432, r).

These tentacles would seem at first sight to be constructed upon the

same principles as the last ; but on examining them attentively, they

are found to be composed of a number of flattened circular disks ap-

pended to a lateral stem. Yet even all these organs of touch form but
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a small pai-t of the tactile apparatus of the Nautilm Pompdms
;

for the

mouth, lodged within the oral sheath, is surrounded by a series ot

tentacula even more numerous than those appended to the exterior ot

Fig. 439.

Nervous Bystem of NaulUus PompiUus (after Owen): a a, b b, cut edges of the mantle,

de retractile tentacula; ft, presumed olfactory organ ;
1, the sniiracesophageal gang ion;

22' optic ganglia; 3 3, -1 4, suboosophageal ganglia; 5, 6, 7, 8. 9, nerves supplying the retrao-

tild tentacula ; 10, nei-ves supplying olfactory organ; 11, 12, 13, nerves supplying the muscular

integument; 14, l.i, 16, nerves representing the sympathetic system.

the head. Around the circular lip (fig. 437, m) which encloses the beak

()?, o) arc situated four labial processes (g, c/, each of those pro-
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cosscs is pierced by twelve canals, the orifices of which are disposed in
a single but rather irregular scries along their anterior margin ; and
every one of these canals contains a cirrus or tentacle rather smaller
than tlioso of the external digitations, although their structure is

precisely similar {h h, h h). These cirri, Hke the former, receive large
nerves,—those supplying the external labial tentacles being derived im-
mediately from the brain (fig. 439, o e), Avhile those distributed to the
internal labial tentacles proceed from a large ganglion (s) that is in
communication with the oesophageal ring through the intervention of a
considerable nervous trunk (7).

(1583.) In the Dibranchiate Cephalopods none of the above-described
cirriferous processes are found to exist ; but there is every evidence that
the prehensile arms, and most jjrobably the individual suckers appended
to them, are highly sensitive to tactile impressions. Every one of the
arms receives a large nerve, derived from the same portion of the
(Esophageal collar as that which gives origin to the tentacular nerves of

Nautilus, which traverses its whole length, lodged in the same canal as

the great artery of the limb. During this course the nerve becomes
slightly dilated at short distances, and gives off from each enlarge-

ment numerous smaU nervous twigs which penetrate into the fleshy

substance of the foot. Immediately after entering the arm and under-
going the dilatation above alluded to, every nerve furnishes two
large branches, one from each side, which traverses the fleshy substance

connecting the bases of the arms, to unite with the nerves of the two
contiguous arms, so that all the nerves of the feet are connected near
their origins by a nervous zone*,—an arrangement intended, no doubt,

to associate the movements of the organs to which these nerves are

appropriated.

(1584.) There is little doubt, from the character of the soft and
papillose membrane which forms a considerable portion of the surface

of the tongue, that both in the ISTautilus and in the Dibranchiate Cepha-
lopods the sense of taste is sufficiently acute—far superior, indeed, to

what is enjoyed by any of the Gasteropod Mollusca, and possibly even
excelling that conferred upon fishes and others of the lowest Yertebrata

that obtain their food under circumstances such as render mastication

impossible, and the perception of savours a superfluous boon.

(1585.) That the Cephaxopoda are provided with a delicate sense of

smell, and attracted by odorous substances, is a fact established by the

concurrent testimony of many authors, although in the most highly

organized genera nothing analogous to an olfactory apparatus has as yet

been pointed out : nevertheless in Nautilus Professor Owen discovered

a structure which he regards, with every show of probability, as being a

distinct organ of passive smell, exhibiting the same type of structure

that is met with in the nose of fishes, and, from the circumstance of its

* Cuvier, M6inoirc sur la Poiilpe, p. 36.
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being the first appearance of an organ specially appropriated to the per-

ception of odours, well deserving the attention of the physiologist. We

may hero premise that the exercise of this function in creatures con-

tinuaUy immersed in water must depend upon conditions widely differ-

ing from those which confer the power of smelling upon air-hreathmg

animals. In the latter, the odorant particles, wafted by the breeze to a

distance and drawn in by the breath, are made to pass, by the act of

inspiration, along the nasal passages, and, being thus examined with a

minuteness of appreciation proportionate to the extent of the olfactory

membrane, give intimations of the existence of distant bodies scarcely

inferior to those obtained from sight and sound. But, in an aquatic

medium, information derived from this sense must be restricted within

far narrower limits, inasmuch as the dissemination of odoriferous par-

ticles must necessarily be extremely slow, and the power of perceiving

their presence comparatively of little importance, seeing that the extent

to which it can be exercised is so materially circumscribed. Smell, in

aquatic animals, is therefore apparently reduced to a mere perception of

the casual qualities of the surrounding element, without any power of

inhaling odours from a distance. Simple contact between a sufiiciently

extensive sentient surface and the water in which it is immediately

immersed is all that is requisite in the case before us ; and if an organ

can be pointed out, constructed in such a manner as to adapt it to fulfil

the above intention, there can be little hesitation in assigning to it the

office of an olfactory apparatus.

(1586.) In Nautilus, the part indicated by Professor Owen* as ap-

propriated to the sense of smeU consists of a series of soft membranous

laminte (fig. 437, I
;

fig. 439, 7i) compactly arranged in a longitudinal

direction, and situated at the entry of the mouth, between the internal

labial processes. These laminae are twenty in number, and are from

one to two lines in breadth, and from four to five in length ; but they

diminish in this respect towards the sides. They are supplied by nerves

(fig. 439, lo) from the small ganglia (s) which are connected with the

ventral extremities of the anterior suboesophageal ganglia, and from

which the nerves of the internal labial tentacula are likewise given oflp.

(1587.) The structure of the eyes in the two divisions of the Cepha-

lopoda differs remarkably, and in both is so entirely dissimilar to

the usual organization met with in other classes of animals, that wo
must invite the special attention of the reader to this portion of their

economy.

(1588.) In the TE-mABRANcniATA, of which the Nautilus is the only

example hitherto satisfactorily investigated, according to Professor

Owen's observationst the eye appears to be reduced to the simplest

condition that an organ of vision can assume without departing alto-

gether from the type which prevails throughout the higher classes ; for

* Mem. on Nautilus, p. 41. t Loc. cif. p. 39 et seqg.
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although the light is admittud by a single orilice into a globular cavity,

or camera obscura, and a nerve of ample size is appropriated to receive

the impression, yet the parts which regulate the admission and modify
the direction of the impinging rays were, in the specimen examined,

entirely deficient. In this structure of the eye, observes Professor

Owen*, the Nautilus approximates to the Gasteropods, numerous genera

of which, and especially the Pecxinibranchiata of Cuvier, present ex-

amples analogous in simplicity of structure, and in a pedicellate mode
of support and attachment to the head. Moreover, as the Pearly

Nautilus, like the latter group of mollusks, is also attached to a heavy

shell, and participates with them in the deprivation of the ordinary

locomotive instruments of the Cephalopods, the anatomist whose re-

marks we quote hence deduces the more immediate principle of their

reciprocal inferiority with respect to their visual organ, observing that

it would little avail an animal to discern distant objects when it could

neither overtake them if necessary for food, nor avoid them if inimical

to its existence.

(1589.) The eyes of Nautilus (fig. 432, m) are not contained in

orbits, but are attached each by a pedicle to the side oi the head, im-

mediately below the posterior lobes of the hood. The baU of the eye

is about eight lines in diameter ; and although contracted and wrinkled

in the specimen examined, it appeared to have been naturally of a

globular form, rather flattened anteriorly. The pupil was a circular

aperture, less than a line in diameter, situated in the centre of the

anterior surface of the eye. This small size of the pupil in Nautilus,

which contrasts so remarkably with the magnitude of that aperture in

the Dibranchiate Cephalopods, Professor Owen suggests is most pro-

bably dependent on the great degree of mobility conferred upon the eye

of the Nautilus in consequence of its attachment to a muscular pedicle,

which, enables it to be brought to bear with ease in a variety of direc-

tions; whilst in the higher Cej)halopoda, corresponding motions of the

head and body, on account of the more fixed condition of the eye in

them, would have been perpetually required, had not the range of vision

been extended to the utmost by enlarging the pupillary aperture.

(1590.) The principal tunic of the eye is a tough exterior membrane

or sclerotic (fig. 439), thickest posteriorly, where it is continued from

the pedicle, and becoming gradually thinner to the margins of the pupil.

The optic nerves, after leaving the optic ganglions (2), traverse the

centre of the ocular pedicles, and, entering the eye, spread out into a

tough pulpy mass which extends as far forwards as the semidiametcr

of the globe. This nervous tissue, as well as the whole interior of the

cavity, is covered with a black pigment, which is apparently interposed

between the impinging rays of light and the sentient membrane. The

contents of the eyeball, of whatever nature they had been, had escaped

* Op. cit. p. r.i.
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by the pupil. If the eye had ever contained a crystalline lens, that

body must have been very small; as otherwise, from the well-known

effects of ardent spii'its in coagulating it, it would have been readily

perceived. What adds, however, to the probability of this eye being

destitute of a crystalUne humour is the total absence of ciliary plicae, or

any structure analogous to them. In some parts of the cavity a mem-

brane could be distinguished which had enveloped the fluid contents of

the eye; but it had entirely disappeared at the pupil, which had m
consequence freely admitted the preserving Uquid into the interior of

the globe.

(1591.) However much is still left to be ascertained by future ob-

servations, we learn from the above able exposition of the appearances

detected on examining the solitary example of a visual organ of this

description hitherto met with, that the eye of the Nautilus exhibits

every indication of inferiority of construction when compared with that

of the Dibranchiate tribes. Encased in no orbital cavity, and conse-

quently unprovided with any other muscular apparatus than the fleshy

pedicle whereby it is connected with the head—unprotected by eyelids

and devoid of lacrymal appendages—without either transparent cornea,

aqueous humour, iris, or crystalline lens—and, moreover, coated inter-

nally with a dark pigment, apparently situated in front of the nervous

expansion which represents the retina, instead of behind it in the usual

position of the choroid tunic—all these are facts calculated to arrest

the attention of the physiologist, and excite the surprise of every ob-

server who studies on a large scale this part of the animal economy.

(1592.) The eyes of the Dibranchiate Cephalopoda are not less re-

markable in their construction than those of the Nautilus, and from

their greater complexity will require a more elaborate description. In

order to simplify the details connected with this portion of our subject

as much as possible, we shaU describe separately, as forming distinct

parts of the ocular apparatus met with in the Common Cuttlefish {Sepia

officinalis) :— first, the orbit
;

secondly, the globe of the eye ;
thirdly, the

chamber of the optic ganglion
;
and, fourthly, the muscles of the visual

organ.

(1593.) The orbit differs from that of all other classes of animals,

inasmuch as it is a cavity circumscribed on all sides and covering even

the front of the eye*. The bottom of the orbital cavity is cartilaginous,

being partially formed by a process derived from the cranial cartilage

;

but elsewhere it is made up of the common fleshy integument of the

body (fig. 440, cl d, e) : becoming gradually attenuated, the skin (b)

passes over the anterior portion of the eye, where, being transparent (/),

it represents the cornea, although it has no connexion with the eyeball

* Descriptive and Illustrated Catalogue of the Physiological Scries of Compara-

tive Anatomy contained in the Museum oi' the Royal College of Surgeons of England,

vol. ill. part 1. pi. 52.
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itself. Beneath the cornea the integument again becomes opake, and
forms a thickened fold (a), which might he regarded as the rudiment
of an under eyelid. The orbit therefore forms a complete capsule, en-
closing the whole of the apparatus of vision.

(1594.) The globe of the eye fills up the anterior part of the orbital

chamber, and is remarkable from having no cornea properly so called

;

so that, on raising the transparent skin (/) which forms the exterior

wall of tlie orbit and supplies the place of the cornea, the prominent
surface of the crystalline lens (o) is found quite naked beneath it,

neither an aqueous humour, nor an iris properly so called, being pre-

sent. The outer coat of the eye {g g i) represents the sclerotic tunic

in Man : it is tough, fibrous, and of a silvery lustre, perforated ante-

riorly by a large round aperture representing that which contains the

cornea in the human eye, and pierced posteriorly by numerous foramina

through which the multitudinous branches derived from the optic gan-

glion (Jc) enter.

Fig. 440.

Auatomy of the eye of the Cuttlefish. (After Hunter.) a, the external sldn, which terminates

before the eye in a loose edge, resembling an under eyelid ; 6, the skin above the eye, terminating

below in the cornea/"; d, cut edge of the integument of the head, which forms the upper and outer

wall of the orbit; e, cut edge of the lower part of the orbit; g, sclerotic coat of the eye, which is

perforated anteriorly
;

k, gangliform enlargement of the optic nerve, from whicli filaments go to

form the retina; I, internal layer of the sclerotic; m, part of the choroid, which forms a sort of iris

implanted by its inner margin in a circular groove of the lens ; n, the cut edge of the choroid coat,

described by John Hunter as " an expansion of the optic ganglion or retina, covered anteriorly

or internally with a layer of black pigment; " o, anterior segment of the crystalline lens ; o', pos-

terior or larger segment of the same ; p, part of tlie brain
; j, optic nerve ; r, oesophagus ; s, aorta.

(1595.) The second tunic is usually regarded as the retina, occujijang

a singular situation and presenting a very anomalous structure. No

choroid intervenes between this retina and the sclerotic, as is the case

in the eye of Man ; but numerous nervous branches given off from the

optic ganglion (/<:), having penetrated into the interior of the eye tlirough

the cribriform sclerotic, immediately expand into a thick nervous mem-

brane which lines the sclerotic tunic, and is continued forward to a
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deep groove in the substance of the crystalline lens, wherein it is im-

planted, so as to form a kind of ciliary zone (m), which is shghtly

plicated and obviously assists in keeping the lens in situ.

(1596.) Between the retina and the vitreous humour is interposed a

thick layer of black pigment, which, being thus strangely situated, has

very naturaUy puzzled all physiological inquirers, inasmuch as it would

apparently form an insurmountable barrier between the rays of light

and the retinal membrane. The researches of Professor Owen would

seem, however, to have removed the difficulty presented by this hitherto

incomprehensible and anomalous arrangement, as he has succeeded in

discovering, in addition to the thick postpigmental nervous expansion,

a delicate lamella in front of the pigmentum nigrum, correspondent, in

position at least, with the retina of vertebrate animals. " In the eyes of

different Sepice which we had immersed in alcohol preparatory to dis-

section, we have, however, invariably found, between the pigment and

the hyaloid coat, a distinct layer of opaque white pulpy matter, of suffi-

cient consistence to be detached in large flakes and easily preserved

and demonstrated in preparations. We confess, however, that we can

discover no connexion between this layer and the thick nervous expan-

sion behind the pigment ; but nevertheless we cannot but regard it as

being composed of the fine pulpy matter of the optive nerve, and as

constituting a true prsepigmental retina "*.

(1597.) It has been already stated that there are no chambers of

aqueous humour ; and we are but little surprised that, in animalb

destined to see objects contained in water, the existence of a refracting

medium scarcely at all differing in density from the surrounding element

should be dispensed with. To compensate, however, for this deficiency,

the crystalline, as is the case in all the aquatic Vertebrata, is of short

focus and great power, being, in fact, not merely, as it is generally

described, a double convex lens, which is the usual shape of this im-

portant piece of the optic apparatus, but exhibiting that form of a

simple magnifier most approved of by opticians as being best adapted to

ensure a large field of view. Whoever is conversant with the principles

upon which the well-known " Coddington lens " is constructed, will

have little difficulty in appreciating the advantages derived by the intro-

duction of a precisely similar instrument in the eye of the Cuttlefish.

The Coddington lens is a sphere of glass divided into two portions by a

deeply cut circular groove, which is filled up with opaque matter. The

lens of the Cuttlefish is in like manner divided into two parts of un-

equal size (fig. 440, o, o) by a circular indentation, wherein the post-

pigmental retina, with its coat of dark varnish (m), is fixed, and thus a

picture of the most perfect character is ensured. The crystalline pene-

trates deeply into the vitreous humour : the latter, enclosed in a delicate

hyaloid membrane, fills up, as in Man, the posterior part of the eyeball

:

* Cyclopaedia of Anatomy and Physiology, art. Cephalopoda.
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while the small space that intervenes between the posterior surface of

the crystalline and the back of the ocular chamber sufficiently attests

the shortness of the focus of so powerful a lens.

(1598.) The posterior portion of the orbital capsule is occupied by a

large cavity quite distinct from the globe of the eye, although its walls

Fig. 441.

Loligopsis Vernni.

are derivations from the sclerotic tunic, wherein is lodged the great

ganglion of the optic nerve (Jc), imbedded in a mass of soft white sub-

stance. This supplementary chamber is formed by a separation of the

sclerotic into two layers, of which one, already described (?'), forms Ihe
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posterior boundary of the eyeball, while the other (h), passing back-

wards, circumscribes the ca\dty in question. On entering the compart-

ment thus formed, the optic nerve (q) dUatos into a large reniform

ganglion (/.-) almost equal in size to tlie brain itself ; and from the peri-

phery of the optic ganglion arise the numerous nervous filaments which,

after perforating the posterior parts of the globe of the eye, expand into

the postpigmental retina.

(1599.) Between the globe of the eye (g) and the cornea (/) is a

capacious serous cavity, which extends to a considerable distance to-

wards the posterior part of the orbital chamber, and holds the same

relation to the visual apparatus, and the cavity in which it is lodged, as

the serous lining of the human pericardium does to the heart, and the

fibrous capsule in which that viscus is lodged—evidently forming an

arrangement for facilitating the movements of the eye. The serous

membrane which Unes this cavity, after investing the inner surface of

the cornea and the interior of the orbit, is reflected upon the outer

surface of the sclerotic tunic of the eye, which it likewise covers, and

moreover, at the front of the eyeball, enters the aperture which in the

eye of a vertebrate animal would be occupied by the cornea, lines the

chamber corresponding with that of the aqueous humour, and even

passes over the anterior surface of the crystalline. This serous mem-

brane Cuvier, very improperly, named the " conjunctiva ;
" but, as Pro-

fessor Owen has suggested*, it is evidently rather analogous to the

membrane of the aqueous humour, here excessively developed in con-

sequence of the want of a cornea in the sclerotic aperture. This serous

cavity, however, is not a completely closed sac, but, as is frequently the

case with the serous membranes of fishes and reptiles, is in communi-

cation with the surrounding medium, through the intervention of a

minute orifice visible in the transparent tegumentary cornea.

(1600.) Four muscular slips are appropriated to the movements of

this remarkable eye, and serve to direct the axis of the organ so as to

ensure distinct vision ;
they arise principally from the orbital prolonga-

tions of the cranial cartilage, and are inserted into the sclerotic tunic.

(1601.) It is always interesting to the physiologist to observe the

earliest appearance of a new system of organs, and witness the gradual

development of additional parts, becoming more and more complicated

as we advance from humbler to more elevated gTades of the animal

creation. The progressive steps by which the auditory apparatus of the

Vertebrata attains to that elaborate organization met with in the struc-

ture of the human ear are not a little ciirious. In the simplest aquatic

forms the central portion of the internal ear alone exists, imbedded in

the as yet cartilaginous cranium. Gradually, as in fishes, semicircular

canals, prolonged from the central part, increase the auditory surface,

but still have no communication with the exterior of the body. In

* Cyclopffidia of Anatomy and Physiology, loc. cit p. 5.')2.
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reptiles and birds, destined to perceive sonorous impressions in an aerial

medium, a tympanic cavity and drum are superadded ; and lastly, in

the Mammiferous orders, external appendages, for collecting and con-

veying sound to the parts within, complete the most complex and per-

fect forms of the acoustic instrument.

(1602.) As far as is yet known, the Tetrabranchiate Cephalopods have

no distinct organ of hearing ; but in the Dibranchiata, an ear, lodged in

an internal cranium, for the first time presents itself to our notice, and

at the same time exhibits the lowest possible condition of a localized

apparatus adapted to receive sounds.

(1603.) In the anterior and broadest parts of the cartilaginous

cranium*, where its walls are thickest and most dense, are excavated

two nearly spherical cavities (fig. 442, d) which in themselves repre-

sent the osseous labyrinth of the ears. A vesicle or membranous

Pig. 442.

Brain and auditory apparatus of the Cuttleflsh ; a b, brain; c, auditory apparatus;
d, cavity in which it is lodged ; efg, the eye. 1, 2, 3, otolith.

sacculus (c), likewise nearly of a spherical form, is suspended in the

centre of each of these cartilaginous cells by a great number of fila-

ments, that are probably minute vessels. The two auditory nerves

derived from the encephalon enter these cavities through special canals

;

and each, dividing into two or three branches, spreads out over the

vesicle to which it is destined. The auditory vesicle itself is fiUed with

a transparent glairy fluid, and contains, attached to its posterior part,

a minute otolith (i, 2, 3), of variable shape in different genera, the

oscillations of which doubtless increase the impulses whereupon the

production of sound depends.

(1604.) Such is the simplest form of an car ; and if the reader will

compare the organ above described with that possessed by the highest

Articulata, as, for example, the Lobster (§§ 1045, ] 048), the similarity

of the arrangement will be at once manifest.

* Cuvier, M^moire aur la Poulpe, p. 41.

.
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Fig, 443.

(1605.) All the Cephalopoda are dioecious ; and the structure of the

sexual organs both of the males and females is remarkable, inasmuch

as it is peculiar to the class.

(1606.) In the females, the ovarian receptacle is lodged at the bottom

of the visceral sac (fig. 438, p), enclosed in a distinct peritoneal pouch.

The ovary itself is a large bag, the walls of vs^hich are tolerably thick

;

and on opening it, it is found to contain a bunch of vesicular bodies,

attached by short vas-

cular pedicles to a cir-

cumscribed portion of

its internal surface (fig.

443, a). These vesicles,

the ovisacs or calyces, as

they are called by com-

parative anatomists, are,

in fact, the nidi wherein

the ova are secreted

;

and if examined shortly

before oviposition com-

mences, every one of

them is seen to contain

an ovum m a more or

less advanced stage of

development. In this

condition the walls of

the ovisacs are thick

and spongy ; and their

lining membrane, which

constitutes the vascular

surface that reaUy se-

cretes the egg, presents

a beautiful reticulate

appearance.

(1607.) If the con-

tained ova be examined

when nearly ripe for

exclusion, each is found to be composed of a yelk or vitellus enclosed in

a delicate vitelline membrane, and covered externally by a thicker invest-

ment, the chorion. When the ovum has attained complete maturity, the

ovisac enclosing it becomes gradually thinned by absorption, and ulti-

mately bursts, allowing the egg, now complete with the exception of its

shell, to escape into the general cavity of the ovarium (c). The oviduct

(e) communicates immediately with the interior of the ovarium by a wide
orifice, the dimensions of which are proportioned to the size of the

mature ova. It is generally single ; but in some genera, as Loligo and

2 T

Q-enerative organs of the female Cuttlefish. (After Cuvier.)
a. Ovarian ovisacs ; b, capsule of the ovary ; c, its outlet ; d, e,

oviducts ; /, laminated gland—folds of mucous membrane in the
terminal portion of the opened oviduct.
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the Octopoda, the canal derived from the ovary soon divides into two

{d, e). The vs^alls of the ovigerous duct are thin and membranous until

near the external outlet, where they suddenly become thick and glan-

dular and, in many genera, surrounded with a very large laminated

gland (/), through the centre of which the eggs have to pass before

they issue from the body. It is the gland last mentioned that secretes

the external horny covering of the egg—a defence which seems to be

deposited in successive layers

upon the outer surface of

the previously existing

chorion, and, when com-

pleted, forms a thick flexible

case made up of concentric

lamellae of a dark-coloured

corneous substance.

(1608.) After extrusion,

the ova of the different fa-

milies of Cephalopoda are

found agglutinated and fas-

tened together into masses

of veiy diverse appearance.

The eggs of the common

Cuttlefish, frequently found

upon the shore, are not in-

aptly compared by those

ignorant of their real nature

to a bunch of black grapes,

to which, indeed, they bear

no very distant resemblance,

being generally aggregated

in large clusters, and fas-

tened by long pedicles either

to each other or to some

body (fig. 444).

carries its

which are compara-

Fig. 444.

foreign

The Argonaut

3ggs,

A. Generative organs of the female CuttleQsli : a a,

terminal portion of the intestinal canal ; d, ovary filled

with eggs, seen through its transparent vralls ; e, ovi-

duct; laminated gland surrounding the termination

of the oviduct ; c, c. accessory glands resembling in their

structure the terminal gland /; 6, 6, other accessory

glands, made up of convoluted tubes.

B. A small bunch of eggs enclosed in their horny

capsules and attached by a pedicle to a central stem (2).

tively of small size, securely

lodged in the recesses of, its

shell ; while the ova of the

Calamary, encased in numerous long gelatinous cylinders that con-

jointly contain many hundreds of eggs, are fixed to various submarine

substances, and thus protected from casualties. The form and arrange-

ment of these bunches are no doubt dependent upon the pecuhar

character of the terminal gland found in the oviduct of the parents

whereby the last covering to the ova is furnished.
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(1609.) Cuvier remarks that the male Poulpes must be less nume-

rously met with than the female, as among the numerous specimens

dissected by him scarcely one-fifth were of the former sex.

(1610.) The various parts of the male generative apparatus are remark-

ably similar, both in structure and arrangement, to the corresponding

portions of the sexual organs of the female. The testicle strikingly re-

sembles the ovary both in its outward form and internal arrangement

:

like that viscus, it consists of ^. , . ^
•u Eig. 445.

a capacious membranous sac •

(fig. 446, b) ; and on open-

ing this there is found, at-

tached to a small portion of

its inner surface, a large

bundle of branched cteca (a),

in which no doubt the

seminal fluid is elaborated.

These strangely disposed

seminigerous cseca have ap-

parently no proper excretory

ducts ; but the impregnating

fluid secreted by them is, as

it would seem, poured into

the general cavity of the

sac, exactly in the same

manner as the ova in the

other sex ; and being allowed

to escape from this reservoir

through a wide orifice (c), it

enters the vas deferens. The

canal last mentioned (d) is

long, slender, and very tor-

tuous, but after many con-

volutions it enters a wider

canal (e) called by Cuvier

vesicida seminalis, the in-

terior of which is divided

by imperfect septa ; and its

texture being apparently

muscular, this part of the

excretory apparatus may
possibly, by its contractions,

expel the spermatic fluid from the body. On issuing from the seminal

vesicle, the semen passes the extremity of an oblong gland (/), which
Cuvier denominates the prostate : its structure is compact and granular

;

and it seems to be destined to furnish some accessory fluid subservient

2 T 2

1. Male organs of the Cuttlefish (Sepia officinalis'),

seen from before : a, tunic enveloping the testis ; 6, body
of the testicle ; c, convolutions of the vas deferens; c,

commencement of the Needhamian canal; d, pouch of
Needham. In fig. 4 the same parts are represented as

seen from behind, the testicle being removed in order

to show the commencement ofthe vas deferens. 2 and 3

represent the spermatophores of the same animal, much
magnified: a, the external sheath; 6, inner cylinder

containing the spermatic fluid; c, the ojaculatory appa-
ratus. In fig. 3 the spermatophore is shown in the act

of discharging its contents.
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to impregnatiou. Having passed the prostate, the ejaculatory duct

communicates with a large muscular sacculus (<;), the contents of which

are very extraordinary. This sacculus is, in fact, fiUed with innume-

rable white filaments, each about half an inch in length, arranged

parallel to each other, and disposed with much regularity. There are

three or four rows of them, one above another, entirely fiUing the sac

;

and they are maintained in situ by a delicate spiral membrane, but are

quite unconnected with

the sac itself. The fila- ^S- 446.

ments when taken out,

even long after the death

of the Cephalopod, ex-

hibit, when moistened,

various contortions, and

by some have been re-

garded as Entozoa.

(1611.) These remark-

able spermatic filaments

(the famous " filament

machines " of Needham)

present, in fact, a very

complicated structure.

Their form varies in dif-

ferent species ; but in

their essential composi-

tion they are all found to

consist of a long tubular

sheath (fig. 445, 2, 3),

composed of two mem-
branes, and enclosing a

long tube, convoluted

upon itself like an in-

testine, which is fiUed

with an opaque white

fluid, in which are con-

tained millions of zoo-

sperms ; and the apparatus to which it is attached anteriorly constitutes

an ejaculatory instrument by the aid of which the spermatic secretion

is forcibly ejected. These " spermatopliorcs,'' as they have been named

by Milne-Edwards, serve as vehicles for the conveyance of the seminal

fluid into the generative system of the other sex, notwithstanding the

absence of any copulatory apparatus.

(1612.) A most extraordinary modification of the male sexual organs

is met with in the males of the Argonaut, Tremoctopus, and probably of

other kindred genera, in which one of the arms is so strangely modified,

Generative organs of the male Cuttlefish. (After Cuvier.

)

a, testicle, oompoBed of a conglomeration of branched tubes ;

6, its proper tunic or capsule, in which is a ^T^de orifice, c,

leading to d, the vas deferens, which terminates in a sort of

vesicula Bcminalis, e; /, glandular ctccum, called by Cu-ner

" the prostate ;"
17, pouch of Ifeedliam ; A, penis.
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both in its shape and structure, that Cuvier mistook it for a parasite,

describing it, under the name of Hectocotylus, as « a long, parenchymatous

worm, compressed at the anterior extremity, where the mouth is situated,

having its inferior surface furnished with suckers, from sixty to a

hunch-ed in number, arranged in pairs, and furnished with a sacculus,

situated at the posterior extremity of its body, which is filled with the

folds of the oviduct."

(1613.) The Hectocotylus Argonautce*, as this strange appendage is

stiU called, is, in fact, a por-

tion of the Argonaut itself,
^

developed in a remarkable sac,

which supplies the place of

the left arm of the third pair.

The male Argonaut (fig. 447,

1, 2), is of very small size as

compared with the female,

being not more than an inch

in length, and has no sheU

;

moreover the upper pair of

arms are not, as in the female

(fig. 433), expanded into vela,

but are pointed. The sac

above alluded to, on being opened, is invariably found to contain^ a

solitary Hectocotylus, the dilated portion of which is attached at its

Fig. 448.

1 2 Male Argonaut, of the natural size, repre-

sented in front and in profile, showing the sacculus

in which the Hectocotylus is contained ;
from a

specimen preserved in spirit. 3. Sacculus, in which

the Hectocotylus may be distinguished through

its transparent walls. The specimen from which

this figure was taken having been preserved m
spirit, is, of course, contracted in all its dimen-

sions.

1 Sacculus of Argonaut laid open, showing the abnormal arm (Sectocoii/Uts) folded up in

its interior; magnified two diameters. 2. A portion of the HectocotyUform anu, still furtlier

magnified: a, the sacculus laid open ; 6, the arm, showing the commencement of the " lash,"

and also the suckers, nervous ganglia, &c.

base, whilst the rest of this remarkable organ is free and rolled up

towards that side upon which the suckers are situated ; but as soon

as the sac is opened, or when it is ruptured by the movements of

the contained Hectocotylus, the latter unfolds itself (fig. 449 a), assu-

* Henri Miiller, Ann. des Sc. Nat. 1851.
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ming so exactly the appearance of a parasitic animal that the mistake

committed by Cuvier is by no means surprising. The Argonaut itself

possesses a well-developed testis, according in its structure with that of

ordinary Cuttlefishes, and which contains spermatozoids in different

stages of development ; but its excretory duct terminates in the Hecto-

Pig. 449.

Pig. 450.

A male Tremoctopus, seen from
the Yentral aspect. The yiscei'al sac

has been laid open and the left

half of the mantle turned aside, to

show the branohia and the opening

of the generative apparatus diiriug

the expulsion of the spei-matophore.

a, sacoulus containing the Hectooo-

tylus ; b, brauchia of the left side,

with its branchial heart, c; d, the
" bottle," from which the spermato-

phove (c) is in progress of expul-

sion ; //, the mantle.

Ti'emoctopus carina (male),

showing the Hectocotylus («)

in its ordinary position.

cotylus, which is evidently nothing more than one of the arms of the

Argonaut, thus strangely developed. But, what is stranger still, this

arm, arrived at maturity, detaches itself from the Argonaut, and from

that moment enjoys an independent existence. It lives adherent to a

female Argonaut, which it impregnates by a real coitus ; so that in this

respect, as well as by its movements, and by the length of its life after

its detachment, it might be mistaken for a complete male animal. Still

it cannot be regarded as an independent being, seeing that it has no

ahmentary apparatus ; neither is it the organ whereby the seminal fluid

is produced, but simply a vehicle whereby the male secretion is trans-

ported. Well indeed does it deserve the epithet bestowed upon it by
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Cuvier, who, ignorant of its real nature, pronounced it " un ver bien

extraordinaire !"
, , i . ^.i,

(1614.) From the pouch of Needham a short canal leads to the penis

(tig. 446*, 70, a short, hollow, muscular tube, through which the fecunda-

ting fluid is expelled.
i. j? +1, ;i

(1615.) Although we mean to defer any minute account ot the ae-

velopment of the embryo in ovo until an examination of the eggs of ovi-

parous Vertebrata shall afford more ample materials for elucidating this

important subject, it will be as well in this place briefly to notice the

condition of the young Cephalopods previously to their escape from the

egg, wherein the fii'st part of their growth is accomphshed. Before

the egg is hatched, the foetal Cuttlefish already presents all the organs

essential to its support and preservation : the tentacula upon the head,

the eyes, the respiratory apparatus, and even the ink-bag, which in the

earher stages of growth were quite undistinguishable in the germ of

the future being (fig. 451, 1), slowly make their appearance ;
so that

before birth the little creature presents most of the peculiarities which

characterize the species to which it belongs. But the most prominent

feature that strikes the attention of the physiologist is the remarkable

position of the duct communicating between the yelk of the egg (the

great reservoir of nourishment provided by nature for the support of the

foetus whHst retained in the egg) and the aUmentary canal of the as yet

imperfect Sepia. This communication, which in vertebrate animals is

invariably effected through an opening in the walls of the abdomen.

Fig. 451.

12 3 4

Embryo of Cuttlefish.

whereby the vitelline duct penetrates to the alimentary canal, here

occupies a very unusual situation, being inserted into the head, through

which it penetrates, by an aperture situated in the front of the mouth,

to the oesophagus, where it terminates (fig. 451, 3).

(1616.) Among the many interesting phenomena presented by the

Cephalopoda, few are more remarkable than the extraordinary power

which these animals possess of continually changing their colour in con-

formity with the varying tints of surrounding objects, affording a means

of defence almost as efficient for concealment as the ejaculation of their

inky fluid. It is indeed an extremely beautiful sight to witness the

flickering hues of one of these animals, that seem to succeed each other
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with astonisliing rapidity. In order to explain the cause of this very
curious faculty, it is only necessary to examine with the microscope a
portion of integument removed from the living animal, when it becomes
at once apparent that the coloured layer of the skin is studded with
innumerable pigment-cells {cliromatophores), filled with colours that
exactly correspond with the hues of the creature's body, and which in-

Fig. 453.

tion, and 3, lateral view Belemnite restored : a, ce-

ofthe shell remoyed from phalic tentacles ; 6, siphon;
the body. c, ink-bag ; d, e, section of

shell. The outline exhibits

the fln-like expansions of the

integument.

dividually possess a remarkable power of changing their shape and size,

and thus modifying, by their contraction and expansion, the coloration

of the integument*.

(1617.) Interesting as the subject is, our space will permit us to ad-

* This wonderful faculty ofchanging their colours, dependent on a similar organi-

zation of the rete mucosum, is possessed by fishes, frogs, and many other animals, as

may be demonstrated by simply placing a few small trouts, gudgeons, or minnows

in differently coloured earthen pans filled with clear water; the phenomenon is

rendered still more conspicuous by suddenly trnnsfcrring them from the lighter- to

the darker-coloured vessels, and vice versd.
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vert but very briefly to the important light which our comparatively

recently acquired knowledge of the anatomy of the Cephalopod Mollusca

has thi-own upon the history of innumerable races of similarly con-

structed beings long extinct, the remains of which are e:^tensiyely

distributed through a variety of geological strata. The fossil Ammonites,

for example, the nature of which was previously inexplicable, were at

once rendered intelligible by the discovery and description of the Nau-

tilus Pompilius, to which in their structure they were evidently nearly

related. The countless petrified remains known by the names of Hamites,

Lituites, Orthoceratites, Cyrtoceratites, and other allied forms are still

represented by the existing Sjpirula (fig. 452), which, although its

structure even at the present day is but imperfectly understood, is

manifestly a Cuttlefish provided with a camerated shell constructed

much after the same plan as that of the Nautilus; and even the

Belemnite, so long a puzzle and a mystery to geologists, when restored

by the labours of Professor Owen, as represented in fig. 453, unmista-

kably confesses its relationship to the Cuttlefishes we have been

describing.

(1618.) Leaving the Cephalopod Mollusca, we must bid adieu to the

fourth grand division of the animal kingdom, and proceed in the next

chapter to introduce the reader to beings organized according to a dif-

ferent type, embracing the most highly gifted and intelligent occupants

of the planet to which we belong.

CHAPTER XXIV.

VERTEBRATA.

(1619.) The fifth division of the animal kingdom is composed of four

great classes of animals, closely allied to each other in the grand fea-

tures of their organization, and possessing in common a general type of

structure clearly recognizable in every member of the extensive series,

although, of course, modified in accordance with the endless diversity of

circumstances under which particular races are destined to exist. The
immeasurable realms of the ocean, the rivers, lakes, and streams, the

fens and marshy places of the earth, the frozen precincts of the poles,

and the torrid regions of the equator, have all appropriate occupants,

more favoured as regards their capacities for enjoyment, and more largely

endowed with strength and intelligence, than ny which have hitherto

occupied our attention, and gradually rising higher and higher in their

attributes, until they conduct us at last to Man himself. Fishes,

restricted by their organization to an aquatic lifo, arc connected by
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amphibious beiugs, tliat present almost imperceptible gradations of

development, with terrestrial and air-breathing Reptiles : these, pro-

gressively attaining greater perfection of structure and increased powers,

slowly conduct us to the active, hot-blooded Birds, fitted by their

strength, and by the vigour of their movements, to an aerial existence.

From the feathered tribes of Vertebrata, the transition to the still more

intelligent and highly endowed Mammalia is effected with equal facility;

so that the anatomist finds, to his atonishment, that throughout this

division of animated nature, composed of creatures widely differing

among themselves in forms and habits, an unbroken series of beings is

distinctly traceable.

(1620.) The first great character that distinguishes the vertebrate

classes is the possession of an internal jointed skeleton, which is not,

as in the preceding classes, extravascular and incapable of increase

except by the successive deposition of calcareous laminae applied to its

external surface, but endowed with vitaHty, nourished by blood-vessels

and supplied with nerves, capable of growth, and undergoiog a pei-petual

renovation by the removal and replacement of the substances that enter

into its composition.

(1621.) In the lowest tribes of aquatic Vertebrata the texture of the

internal framework of the body is permanently cartilaginous, and it

continues thi'ough life in a flexible and consequently feeble condition;

but as greater strength becomes needful, in order to sustain more active

and forcible movements, calcareous particles are found to be deposited

in the interstices of the cartilaginous substance ; and in proportion as

these accumulate, additional firmness is bestowed upon the skeleton,

until at length it assumes hardness and solidity proportioned to the

quantity of the contained earthy matter, and becomes converted into

perfect bone.

(1622.) Phenomena precisely similar are observable in tracing the

formation and development of the osseous system, even in those genera

possessed, when arrived at maturity, of the most completely organized

skeletons.

(1623.) In the very young animal the bones consist exclusively of

cartilage; but as growth proceeds earth becomes deposited by the

blood-vessels in the as yet soft and flexible pieces of the skeleton, luitil

by degrees they acquire density and strength as the animal advances

towards its adult condition.

(1624.) The complete skeleton of a vertebrate animal may be con-

sidered as being composed of several sets of bones employed for very

different purposes,—consisting of a central portion, the basis and sup-

port of the rest, and of various appendages derived from or connected

with the central part. The centre of the whole osseous fabric is gene-

raUy made up of a series of distinct pieces arranged along the axis of

the body ; and this part of the skeleton is invariably present ;
but tho
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superadded appendages, being employed in different animals for various

and distinct purposes, present the greatest possible diversity of form,

and are many of them wanting in any given genus ; so that a really

complete skeleton, that is, a skeleton made up of aU the pieces or ele-

ments which might, philosophically speaking, enter into its composition,

does not exist in nature, inasmuch as it is owing to the deficiency of

some portions and the development of others in particular races that

we must ascribe all the endless diversity of form and mechanism so

conspicuously met with in this division of the animal world.

(1625.) Nevertheless, although there is no such a thing in creation

as a fuUy developed skeleton, it wHl be necessary, in order to prepare the

student for the contemplation of the numerous modifications met with

in this portion of the animal economy, hereafter to be described, briefly

to enumerate the component parts which might theoretically be supposed

to enter into the construction of the framework of an animal ;
and thus

by comparison he will be enabled, as we proceed, to appreciate more

readily the variations from a general type apparent throughout the

vertebrate classes. It may likewise be as well thus early to caution

the anatomist who has confined his studies to the contemplation of the

human body, against taking the skeleton of Man as a standard whereby

to direct his judgment ; for Ma7i, so highly raised by his intelligence

and mental powers above all other beings, is, so to speak, a monstrosity

in the creation ;
and, so far from finding in the human frame the means

of elucidating the laws of animal organization, it is found to have been

constructed upon principles the most aberrant and remote from those

which an extensive investigation of the lower animals has revealed to

the physiologist.

(1626.) A skeleton, described generally, is made up of the following

portions : first, of a chain of bones, placed in a longitudinal series along

the mesial line of the back, and more or less firmly articulated with

each other, so as to permit certain degrees of flexure. These bones,

examined individually, present various additional parts destined to very

different ends ; some defend the central axis of the nervous system from

external violence
;
others, when present, guard and enclose the main

blood-vessels; and the rest, acting as prominent levers, either serve to

give insertion to the muscles which move the spine, or afford additional

security to the articulations between the vertebral pieces. Those ver-

tebrce which defend the posterior portions of the nervous axis, usually

called the spinal cord, constitute the spine ; while those enclosing the

anterior extremity of the nervous axis, which for reasons hereafter to

be explained, becomes dilated into large masses forming collectively the

brain, are by the human anatomist distinguished as the cranium or

sJcull.

(1627.) Secondly, we find appended to the cranial or cephalic portion

of the spine a set of bones disposed symmetrically, and forming the
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framework of the face : these bones, it is true, have by many Continental

writers been regarded as constituting additional vertebraj, the parts of

which are still recognizable, although amazingly modified in shape, so

as to enclose the different cavities wherein the senses of vision and smell,

as well as the organs of mastication, are situated. "We shall not, how-

ever, waste the time of the student by considering in this place the as

yet unsettled and vague oj)inions of transcendental anatomists upon this

subject ; it is sufficient for our purpose merely to indicate the facial

bones as appendages to the cranial vertebrae, avoiding for the present

further discussion concerning them.

(1628.) Another most important addition to the central axis of the

skeleton is obtained by the provision of lateral prolongations, derived

from the transverse processes of the vertebrae, which form a series of

arches largely developed at certain points, so as more or less completely

to embrace the principal viscera, and give extensive attachment to

muscles serving for the movements of the body.

(1629.) The first set of arches is appended to the lateral portions of

the cranial vertebrae; and the bones thus derived enter largely into the

composition of the respiratory apparatus. In Man, this important por-

tion of the skeleton is reduced to a mere rudiment, distinguished by the

name of the os hyoides ; and in the human subject its relations and con-

nexions with the surrounding parts are so obscurely visible, that the

student is scarcely prepared to witness the magnitude and importance

of the hyoid framework in other classes, or the amazing metamorphoses

which, as we shall afterwards see, it undergoes.

(1630.) Behind the hyoid apparatus, other arches are attached to the

transverse processes of the spinal vertebrae, called ribs ; and the study

of these appendages to the spine is one of the most interesting^points

in the whole range of osteology. In Fishes, wherein respiration is

effected entirely by the movements of largely developed hyoid bones,

the ribs are mere immoveable derivations from the transverse processes of

the vertebrae, and serve exclusively for the attachment of muscles. In

Eeptiles respiration is stUl accomplished by the os hyoides, and the

ribs, thus performing a secondary office, become convertible to different

uses, and assume various forms and proportions. In the Amphibious

Reptiles the most nearly approximated to Fishes, they either do not

exist at all, as being needed neither for respiration nor locomotion, or

they are represented by minute and almost imperceptible rudiments

appended to the extremities of the transverse processes of the vertebrte.

In Serpents the ribs are wanted for locomotion, and are accordingly

developed from the head nearly to the tail, forming a series of strong

arches, articulated at one extremity with the vertebral column by a very

complete joint, but at the opposite extremity they are loose and uncon-

nected. In proportion, however, as the hyoid bones, with the larynx,

of which they form an important part, become converted into a vocal
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apparatus (as they gradually do), the ribs, assuming more complete de-

velopment in a certain region of the spine, and being augmented by tno

addition of a sternal apparatus, form a complete thoracic cavity, and

thus become the basis of those movements of the body which in hot-

blooded animals arc subservient to respiration.

(1631.) The next additions required to complete the skeleton are two

pairs of locomotive limbs, representing the legs and arms of Man. In-

finitely diversified as are these members both in form and office, they are,

when phUosophicaUy considered, found to be constructed after the same

type. Both the anterior and posterior Hmbs, when fully organized,

consist of similar parts, most of which are met with in the Hmbs of the

human skeleton. Three bones constitute the shoulder, called respect-

ively the scapula, the clavicle, and the coracoid hone. Three bones m
like manner sustain the hinder extremity—the ilium, the ischium, and

the pubis ; and these evidently represent individually the corresponding

pieces found in the shoulder, but differently named. The formation of

the hmbs is likewise strictly parallel: a single bone articulates with the

osseous framework of the shoulder, or of the hip, caUed in one case the

humerus, in the other the femur; two bones form the arm—the raddm

and ulna ; and two likewise enter into the composition of the leg—the

tibia and Jibida. The hand and foot are each supported by a double

series of small bones, forming the carpus of the one, and the tarsus of

the other—and in like manner consist of similar pieces, five in number,

called the metacarpal or metatarsal bones, and of the phalanges, or

joints of the fingers and toes.

(1632.) A perfect or typical skeleton must therefore be supposed to

consist of all the before-named portions, namely :—1, the cranial and

spinal vertebrEe ; 2, the face
; 3, an elaborately formed hyoid frame-

work ; 4, the ribs ; 5, a sternal system of bones, constituting, in con-

junction with some of the ribs, a tJiorax ;
and, 6, four locomotive ex-

tremities, made up of the parts above enumerated as entering into

their composition. Seldom, indeed, is it that the student will find even

the majority of these portions of the osseous apparatus coexistent in the

same skeleton
;
but, whatever forms of animals may hereafter present

themselves for investigation, let the above description be taken as

a general standard of comparison, and let aU variations from it be con-

sidered as modifications of one grand and general type.

(1633.) We must, however, proceed one step further in this our pre-

paratory analysis of the skeleton, and, instead of regarding the indi-

vidual pieces of the osseous framework of an adult animal as so many

simple bones, be prepared to find them resolvable into several distinct

parts or elements, aU or only a part of which may be developed in any

given portion of the osseous system.

(1634.) In order to simplify as much as possible this important sub-

ject, we will select, first, what is generally regarded as a single bono
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Elements of a vertebra.

—one of tho most complex vertehrce of a Fish for instance—and examine

its real composition.

(1635.) This bone (fig. 454, a) is found to consist of a central por-

tion (a), and of sundry
^

processes derived there- n
'

a

from, some of which the

younger student of human
anatomy would at once

be able to caU by their

appropriate names. To

the body of the bone (a)

he finds appended the

arch (b) which encloses

the spinal cord, sur-

mounted by its spinous

process (c), and with equal

facility he recognizes in

the lateral processes (d d)

the analogues of the transverse jjrocesses of the human spine; but

here his knowledge fails him, inasmuch as he finds another arch (e)

formed beneath the body of the bone, and moreover an iuferior spinous

process (g), neither of which has any representative in the human body.

(1686.) It is evident, therefore, that the human vertebrae are imper-

fectly developed bones, and do not possess all tho parts or elements met

with in the corresponding portion of the skeleton of a Fish.

(1637.) The question, therefore, to be solved is this—how many

elements exist in the most perfect vertebra known ? and this being once

satisfactorily settled, it is easy to detect the deficiencies of such as are

less completely developed.

(1638.) Taking the example above given as a specimen of a fuUy

formed vertebra, it has been found to be divisible into the following

pieces, all or only a part of which may be present in other vertebrae

even belonging to the same skeleton ; and these parts are represented

detached from each other in the diagram which accompanies the figure

(fig. 454, b). They are :—1st, the centre or body of the bone ;
2udly, two

elements (b b), which embrace the spinal marrow ;
3rdly, the superior

process (c) ;
4thly, the two transverse processes (d)

;
5thly, two ele-

ments forming the inferior arch, and enclosing the principal blood-

vessels (e) ; and 6thly, an inferior spinous process (g).

(1639.) With this key before us, we are able with the utmost ease to

comprehend the structure of any form of vertebra that may offer itself.

Thus, in different regions of the back of the same Fish, the composition

of the vertebrae is totally different : near the tail the vertebra) consist

of the body (a), the superior arch (6) and spinous process (c), and the

inferior arch (e) and spinous process (r/). In the neighbourhood of the
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head, however, neither the inferior arch nor epiuous process is at aU

developed; but the transverse processes, which were deficient in the

former case, are here of great size and strength. It is obvious, there-

fore, that the form of a vertebra may be modified to any extent by the

simple arrest of the development of certain elements and the dispropor-

tionate expansion of others, until at length it becomes scarcely recog-

nizable as constituting the same piece of the skeleton.

(1640.) Who would be prepared to expect, for example, that the

occipital bone of the human head was merely a modification of a few of

the elements of the Fish's vertebra above described enormously expanded,

in order to become adapted to altered circumstances ? And yet,^ how

simple is the transition ! By removing the inferior arch (e) and spinous

process (g), and slightly reducing the proportionate length of the trans-

verse processes (d), we arrive at the form of a human vertebra, which

exhibits precisely similar elements. Enlarge the arches (b &) that sur-

round the spinal axis of the nervous system, increase the size of the

superior spinous element (c), and we have the occipital bone of a

Fish ; and hence, through a few intermediate links, we arrive almost

imperceptibly at the occipital bone of the human cranium,—the main

differences being that the body is in Man divided into two lateral halves,

while the superior arch (6) becomes spread out so as adequately to

defend the prodigiously developed masses of the brain, to which in the

human body it corresponds.

(1641.) One other illustration of this interesting subject. What

bones compose a completely formed thorax ? In Man we find, as every

tyro knows, 1st, the dorsal vertebrce ;
2ndlj, the ribs, with their carti-

lages ; and 3rdly, the sternum. But it is not in Man that we must

expect a perfectly developed thoracic framework; it is in the Birds,

which are destined to rise in the air by the assistance of their propor-

tionately powerful thoracic extremities. If, therefore, we examine the

thorax of a Bird, we find it composed of pieces which in Man are abso-

lutely wanting : we see, 1st, the vertebrce
;
2ndly, the dorscd ribs, firmly

articulated on each side both with their bodies and transverse processes

;

3rdly, the sterncd ribs, extending from the ribs last mentioned to the

sternum ; and lastly, the sternum, composed, as we shall afterwards

see, of various elements not found in the human body. If we prosecute

our survey a little further, we shall find this portion of the skeleton

offering the greatest possible variety as regards the presence or absence

of the elements above enumerated : thus in the Frog we have vertebrae

and sternum, but no ribs ; in the Serpent, vertebras and dorsal ribs, but

no sternum or sternal ribs ; in Man the sternal ribs are represented by

the costal cartilages : and thus a thorax of every required description is

constructed by adding or taking away, expanding or contracting certain

elements, all of which a typical skeleton might be supposed to contain

developed in a medium condition.
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(1642.) Comparison of the skeleton of a Fish with those of the higher

animals demonstrates that the natural arraugement of the parts of the

endoskeleton is in a series of segments succeeding each other in the axis

of the body. These segments are not, indeed, composed of the same

number of bones in any class, or throughout any individual animal

;

but certain parts of each segment do maintain such constancy in their

existence, relation, position, and offices as to enforce the conviction

that they are homologous parts, both in the constituent series of the

same individual skeleton, and throughout the series of vertebrate animals.

Each of these primary segments of the skeleton is designated a " ver-

tebra," but with as little reference to the primary signification of the

word as when the comparative anatomist speaks of a sacral vertebra.

A vertebra is defined by Professor Owen as " one of tJiose segments of the

endoskeleton which constitute the axis of the body and the protecting

canals of the nervous and vascular trunJcs such a segment may also

support diverging appendages,

(1643.) A vertebra consists, in its tj^Dical completeness, of the ele-

ments or parts represented in the following diagram :

—

Fig. 455.

Zygapophysis.

Diapophysis.

Pleurapophysis. —

Parapophysis.

Zygapophysis.

Neural spine.

Neurapophysia.

Htemapophysis.

Hoemal spine.

(1644.) The names in the above diagram printed in Roman type

signify those parts which, being usually developed from distinct and in-

dependent centres, have been named autogenous elements. The italics

denote the parts more properly called processes, which shoot out as con-

tinuations from some of the preceding elements, and are termed exogenous.

(1645.) The autogenous elements generally circumscribe holes about

the centrum, which in the chain of vertebrae form canals. The most

constant and extensive canal is that formed above the centrum (fig. 455),

for the lodgment of the main trunk of the nervous system (neural axis),

by the elements thence termed neurapophyses. The second canal, below

the centrum (fig. 455), is in its entire extent more irregular and inter-

rupted ; it lodges the central organ and large trunks of the vascular
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system (hiemal axis), and is usually formed by the lamince which are

therefore caUed licemapopliyses. At the sides of the centrum, most com-

monly in the cervical region, a canal is circumscribed by the pleurajjo-

pJiysis, or costal process, by the parajyophysis or lower transverse pro-

cess, and by the diapopJiysis, or upper transverse process, which canal

includes a vessel, and often also a nerve.

(1646.) Thus a typical or perfect vertebra, with all its elements, pre-

sents four canals or perforations around a common centre ; such a ver-

tebra we find in the thorax of Man, and most of the higher classes of

vertebrates, also in the neck of many birds. In the tails of most reptiles

and mammals the inferior are articulated or anchylosed to the under

part of the central elements, space being needed there only for the caudal

artery and vein. But where the central organ of the circulation has to

be lodged, an expansion of the haemal arch takes place, constituting a

thorax. Accordingly, in order to construct the thoracic cavity, the

pleurapophyses (fig. 455) are much elongated, and the haemapophyses

(fig. 455) are removed from the centrum, and are articulated to the distal

ends of the pleurapophyses, the bony hoop being completed by the inter-

calation of the htemal spine (fig. 455) between the ends of the htemapo-

physes. And this spine is here sometimes as widely expanded (in the

thorax of Birds and Chelonians for example) as is the neural spine

(parietal bone or bones) of the middle cranial vertebra of Mammals. In

both cases also it may be developed from two lateral halves ; and a bony

intermuscular crest may be extended from the mid line, as in the skull

of the Hyena and the breast-bone of Birds.

(1647.) The ossified parts of the abdominal vertebrae of osseous

Fishes answer to the centrum, the neurapophyses, the neural spine, the

parapophyses, the pleurapophyses, and certain appendages to be here-

after noticed.

(1648.) In the air-breathing Vertebrata, in which the heart and

breathing-organs are transferred backwards to the trunk, the corre-

sponding osseous segments of the skeleton are in most instances de-

veloped in their typical completeness, in order to encompass and protect

those organs. The thoracic hsemapophyses in the Crocodiles are par-

tially ossified, and in Birds completely so, in which class the hjsmal

spines of the thorax coalesce together, become much expanded laterally,

and usually develope a median crest downwards, to increase the sur-

face of attachment for the great muscles of flight. This speciality is

indicated by the name "sternum," applied to the confluent elements in

question.

(1649.) The typical thoracic vertebrae in Birds support diverging ap-

pendages, either anchylosed, as in most, or articulated, as in the Penguin

and Apteryx, to the posterior border of the pleurapophysis. The func-

tion of such appendages in this form of typical vertebra is to connect

one haemal arch with the next in succession, so as to associate the

2 TJ
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two in action, and to give firmness and strength to the whole thoracic

frame.

(1650.) The dlvergmg arppendages are, as might be expected, of all the

elements of the vertebral segment, the least coBstant in regard to thoir

existence, and the subjects of the greatest amount and variety of modi-

fication. Simple slender spines or styles in Fishes (fig. 459, 13)

—

simple plates retaining long their cartilaginous condition in Crocodiles

—short, flat, slightly curved pieces in most Birds,—such, with one ex-

ception, is the range of the variety of form to which these parts are sub-

ject in the segment of the trunk. But that exception is a remarkable one,

inasmuch as we are enabled to trace the diverging appendage of that

vertebral segment of the body which from its form and character con-

stitutes the pelvic arch, through various progressive phases of develop-

ment—from that of a simple, articulated, solitary ray, such as exists in

the Lepidosiren, through innumerable modifications, whereby it is adapted

for swimming, steering, balancing, and anchoring—for exploration, for

burrowing, creeping, walking, and running—for leaping, seizing, chmb-

ing, or sustaining erect the entire frame of the animal—under the

general appellation of the posterior or pelvic limb.

(1651.) Any given appendage, however, as Professor Owen* justly

observes, might have been the seat of such developments as convert that

of the pelvic arch into a locomotive limb ; and the true insight into the

general homology of limbs enables us to point out many potential pairs

in the typical endoskeleton. The possible and conceivable modifications

of the vertebrate archetype are far from having been exhausted in the

forms that have hitherto been recognized, from the primseval fishes of

the paleozoic ocean of this planet up to the present time
;

or, in other

words, it would be by no means contrary to the general laws of osteo-

genic development, however different from the ordinary course of nature,

were vertebrate animals to occur possessed of more than the two pairs

of locomotive extremities usually eoixferred; so that such beings as hip-

pogriff's and other winged quadrupeds, however fabulous, would be by

no means monstrous productions.

(1652.) As the segments approach the tail in the air-breathing verte-

brates, they are usually progressively simplified, first by the diminution,

coalescence, and final loss of the pleurapophysis, next by the simHar

diminution and final removal of the haemal and neural arches, and some-

times also by the coalescence of the remaining central elements, either

into a long osseous style, as in the Frogs (fig. 481), or into a shorter

flattened disk, as in many Birds. In Fishes, however, the seat of the

terminal degradation of the vertebral column is first and chiefly in the

central elements—which in the Homocercals, i. e. in those genera which

(like the Perch, fig. 459) have a symmetrical bilobed tail, are commonly

* " On the Archetype and Homologies of the VertebraixJ Skeleton." London

:

John Van Voorst.
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blended together, and shortened by absorption, whHst both neural and

haemal arches remain with increased vertical extent, and indicate the

number of the metamorphosed or obliterated centrums.

(1653.) The anterior vortebrte of the spinal series are modified m
their form and dimensions in proportion to the increased development of

the anterior part of the cerebro-spinal axis, and that to such an extent,

more especiaUy in the mammiferous races, that their real nature and

character are completely masked from ordinary observation, neverthe-

less guided by the principles above laid down—that the bones of the

cranill portion of the spinal column conform in their essential arrange-

ment to what has been observed in the rest of the vertebral series,

and that the skull is in reahty made up of the same elemental parts,

modified, it is true, to a very remarkable extent, yet still recognizable, in

accordance with just principles of philosophical induction, as the homo-

logues of those described above.

(1654.) The cranial bones, when examined by any unprejudiced ob-

server, readily resolve themselves into four distinct vertebraj, which

may be named, reckoning them from behind forwards, the

Occipital, or Epencephalic

;

Parietal, or Mesencephalic ;

Frontal, or Prosencephalic

;

Nasal, or Rhinencephalic.

(1055.) The Occipital Yertebka, in the higher vertebrates, is repre-

sented by the occipital bone, in which all the vertebral elements are

consolidated into one piece ; in the Eeptilia, however, it is by no means

difficult to identify the several parts which enter into its composition.

They are as follows :

—

Centrum Basioccipital .... 5*

Neurapophyses . . . Exoccipital .... 9

Spine Supraoccipital ... 8

Pleurapophyses . . . Paroccipital .... 10

The composition of the Parietal Yektebba is :

—

Parietal centrmn . . Basisphenoid.... 6

Neurapophyses . . . Alisphenoid.

Spine Parietal 7

Pleurapophyses . . . Mastoid 12

The Frontal Vertebra consists of :

—

^ J t ^ r Prosphenoid and
Frontal centrum

. •

| E^to.phenoid.

Neurapophyses

Spine . . .

Pleurapophyses

Orbitosphcnoid ... 14

Frontal 1

Postfrontal .... 4

* These numbers correspond with those that indicate Iho individual bones of the

cranium in subsequent figures.

2 TJ 2
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The Nasal Vehtkbba is composed of :

—

Nasal centrum . . . Vomer 16

Ncurapophyses . . . Prefontal .... 2

Spine Nasal 20

(1656.) Thus far we are enabled to identify the cranial bones as

being modified representatives of the spinal column, by allowing for

that increased development of the neural elements here rendered neces-

sary by the inordinate magnitude of the ganglionic centres of the cerebro-

spinal axis ; but when we come to turn our attention to the constitution

of the other portions of the chain, representing the lateral and inferior

arches, or, in other words, the parapophysial and the hsemapophysial

elements, together with the diverging appendages derived therefrom, the

task becomes much more diflScult. The labours of Professor Owen upon

this interesting stibject, unparalleled for depth of research, and exhibit-

ing a grasp of philosophical argument rarely to be met with, have, how-

ever, satisfactorily revealed their real nature, and estabhshed beyond a

doubt the alliances which exist between the elaborate structures in

question, and the arches which exist under simpler conditions appended

to the vertebral segments of the trunk.

(1657.) From an extended survey of the organization of the skeleton

throughout the vertebrate series, it is easy to perceive that, however

diversified in adaptation to external circumstances, there is a general

agreement between the various parts of the osseous framework, sufficient

to convince ns that all have been constnicted in accordance with an

ideal plan or archetype, from which lUa, as Plato expresses it, the

Creator has not deviated since the earhest appearance of the palaeozoic

races of Veetebbata up to the present period; and this "archetype"

Professor Owen has illustrated by the diagram in the following page.

(1658.) The nervous system of the Vektebrata is by far more complex

and elaborately organized than that of any of the four preceding divi-

sions of the animal world, and consists, in fact, of several distinct

systems, differently disposed, and appropriated to different offices.

Certain largely developed ganglia, situated in the cavity of the cranium,

generaUy considered by themselves on account of theii' disproportionate

size when compared with the other nervous centres, are commonly

grouped together under one common designation, and form what is

caUed the brain, or encephalon : these masses, however, as we shall

hereafter see, preside over various and widely different functions
;
and

with them perception, volition, and intelligence are essentiaUy connected.

(1659.) Continued from the brain, and lodged in a canal formed by

the superior arches of the vertebral column, is a long chain of ganghonic

centres, so intimately united that they appear confused into a long me-

dullary cord, usually denominated the spinal marrorv {medulla spmahs).

(1660.) The spinal meduUa in reality consists of two double series or



ARCHETYPE OF THE SKELETON. G61

03 H
-s a J -3 '.1

d m ^ .9 o

< 3 <a

.ff a 1-E s s s

^

oi en
tn oj «j

a ^.9

O c3

^ .a 42 -:3 C -a Q,

si I

m CO (M

T2 to .S -o a >;!

° ^ 3 1 ;=
-2

o t-_?J d !; c3

H w M W
• o - » ^

p, a

o< o o > .a



01)2 VERTEBTIATA.

columns, composed of symmetrical and parallel ganglia,—one pair of

columns, the anterior, presiding over those muscular movements which

are under the control of the wiU, while the posterior are destined to re-

ceive impressions derived from the exterior of the body ; these columns,

therefore, are denominated respectively the motor and sensitive tracts of

the spinal cord.

(1661.) Prom the lateral aspects of the medulla spinalis are derived,

at intervals, symmetrical pairs of nerves, which escape from the spinal

canal by appropriate orifices situated between the different bones of the

vertebral column, and are distributed to the voluntary muscles and in-

tegument of the two sides of the body.

(1662.) The spinal nerves, however, are not so simple in their com-

position as they were considered to be by the older anatomists : each of

them has, in fact, been found to arise from the spinal cord by two distinct

roots, one derived from the anterior, the other from the posterior column

of the corresponding side ; so that each nerve is evidently made up of

two distinct sets of filaments, one set communicating with the motor,

the other with the sensitive tracts ; and thus every nerve derived from

the spinal cord is a compound structure, being composed of filaments

distinct in office, although enclosed in the same sheath, some being con-

nected with the muscular movements, the others with sensation. But

in addition to the cerebro-spinal ganglia and the symmetrically arranged

nerves emanating therefrom, that are distributed to the organs of sensa-

tion and movement, there exists in the Vertebkata a distinct system of

nervous centres lodged among the viscera, appropriated to the perform-

ance of the automatic functions, and presiding over those involuntary

movements of the body upon which depend the operations connected

with nutrition. These ganglia are variously distributed, being situated

in the head, the neck, the thorax, and the abdomen ; and from them

arise large plexuses of nerves, destined to supply the organs belonging

to digestion, circulation, and secretion,—thus forming extensive ramifi-

cations, formerly distinguished by the name of the sympatheiic nei-ve,

but now more properly considered a distinct system presiding over

organic life, as the former is connected with the phenomena of animal

life.
'

(1663.) With the increased development of the nervous system in

the vertebrate classes we find the organs of the senses assume a pro-

portionate perfection of structure and regularity of arrangement. The

auditory apparatus, of which we have seen only rudiments in the lower

animals, gradually becomes more and more elaborately organized. The

eyes, now invariably two in number, are lodged in cavities formed for

their reception by the osseous framework of the face, and exhibit, in

the simplicity of their structure, a higher type of organization than any

we have hitherto examined. Organs of smell, also double, but of very

variable construction, are likewise constantly present. The tongue be-
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comes slowly adapted to appreciate and discunminate ^^-^^ ^^^^^^^^

sense of touch, the most generally diffused of aU, is ^^P^^^^^^
^^^^^^^^^^^^^

upon organs of different kinds peculiarly adapted to exercise this faculty.

Thus with increased intelligence higher capabilities of enjoyment are

allotted, and sagacity developes itself in proportion as tl^« -e^^^^;^^^^^^^^^

expand But there are minor points, characteristic of the vertebrate

di4ion of the animal world, which must not be omitted m this pre-

paratory survey of their organization. Their organs of digestion and

nutrition are constructed according to a different type, and upon a more

enlarged plan than in any of the classes enumerated in the preceding

chapters ; and parts are superadded to the digestive apparatus which m

lower tribes have no existence. In addition to the usual subsidiary

glands, namely the salivary and the hepatic, a third secretion is poured

into the intestine along with the bUe, derived from the pancreas, a viscus

which we have not as yet met with. Throughout all the Mollttsc^ we

have foimd the bile secreted by the Uver to be separated from arterial

blood, as are the other secretions of the body; but in the Vebtkbbata

it is from venous blood that the bile is formed, and in consequence an

elaborate system of vessels is provided, distinct from the general circula-

tion, by which a large supply of deoxygenized blood is conveyed to and

distributed through the liver, constituting what is termed by anatomists

the system of the vena portce : nay, more, in connexion with this

arrangement we find another remarkable viscus make its appearance,

the spleen, from which venous blood is copiously supplied to the portal

vein, and added to that derived from other sources.

(1664.) A still more important and interesting circumstance, which

strikes the anatomist on comparing the Yebtebrata with lower forms

of existence, is the sudden appearance of an entirely new system of

vessels, destined to absorb from the intestines the nutritious products

of the digestive process, and to convey them, as weU as fluids derived

from other parts of the body, directly into the veins, there to be mixed

with the mass of the circulating blood. These vessels, of which no

traces have been detected in any of the Ikveetebkata, are called lym-

phatics and lacteals; but their structure and distribution will occupy

our attention hereafter.

(1665.) The blood of all the Vektebrata is red, and is composed of

microscopic globules of variable form and dimensions in different animals.

In the class of Fishes, owing to the as yet imperfect condition of the

respiratory apparatus, the temperature of the body is scarcely higher

than that of the surrounding medium ; and even in Reptiles such is

the languid condition of the circulation, and the incomplete manner in

which the blood is exposed to the renovating influence of the oxygen

derived from the atmosphere, that the standard of animal heat is still

extremely low. But in the higher classes, the Birds and Mammalia,

owing to the total separation of the systemic and pulmonary circulation,
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the offoct of respiration is increased to the utmost
; and, pure arterial

blood being thus abundantly distributed through all parts, heat is more
rapidly generated, the warmth of the body becomes considerably in-

creased, and such animals are permanently maintained at an invariable

temperature, considerably higher than that of the medium in which they

live. Hence the distinction generally made between the hot-blooded

and cold-blooded Vertebrata.

(1666.) The variations in the temperature of the blood, above aUuded

to, are, moreover, the cause of other important differences observable in

the clothing, habits, and instincts of these creatures. To retain a high

degree of animal heat necessarily requires a warm and thick covering of

some non-conducting material ; and consequently in the hair, wool, and

feathers of the warm-blooded tribes we at once recognize the provision

made by Nature for preventing an undue expenditure of the caloric

generated in the body. Such investments, however, would be ill

adapted to the inhabitants of a watery medium ; and consequently the

fish, destined to an aquatic life, and the amphibious reptile, doomed to

frequent the mud and slime upon the shores, are deprived of such in-

cumbrances, and clothed in a scaly or slippery covering more fitted to

their habits, and equally in accordance with the diminished temperature

of their blood.

(1667.) Still more remarkable is the effect of a mere exaltation of

animal heat upon the instincts and affections of the different races of

the Vertebeata. The fishes, absolutely unable to assist in the matura-

tion of their offspring, are content to cast their spawn into the water,

and remain utterly careless of the progeny to be derived from it. The

reptile, equally incapable of appreciating the pleasures connected with

maternal care, is content to leave her eggs exposed to the genial warmth

of the sun until the included young escape. But no sooner does the

vital heat of the parent become suficient for the purposes designed by

Nature, than all the sympathies of parental fondness become developed,

all the delights connected with paternity and maternity are superadded

to other enjoyments ; and the bird, as she patiently performs the busi-

ness of incubation, or tenderly watches over her newly hatched brood,

derives a pleasure from the performance of the duties imposed upon her,

second only to that enjoyed by the mammiferous mother, who from her

own breast supplies the nutriment prepared for the support of her infant

progeny.
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CHAPTER XXV.

PISCES (FISHES).

(1668). To whatever portion of the animal world we turn our atten-

tion, we find the lowest and least-perfectly organized tribes to be in-

habitants of the water. To dweU upon the land necessarily demands no

inconsiderable share of strength and activity—Umbs sufficiently strong

to support the weight of the body, muscles possessed of great power

and energy of action, acute and vigilant organs of sense, and, moreover,

intelligence and cunning proportioned to the dangers or necessities con-

nected with a terrestrial existence.

(1669.) The inhabitant of the waters on the contrary, although less

highly gifted, may be fully competent to enjoy the position it is destined

to occupy. Being constantly buoyed up on aU sides by a dense element,

it is easHy supported at any required altitude without much muscular

effort ; but feeble limbs are needed to guide its path through the water,

and slight impulses suffice to impel it forward. Thus, therefore, in

Fishes we are prepared to expect, a 'priori, that, as far as strength and

compactness of structure are concerned, they will be found inferior to

other Yertebrata.

(1670.) We are likewise justified in anticipating that, in intelligence,

and in the relative perfection of their senses, Fishes should be less highly

endowed than the other vertebrate classes. Plunged in the immea-

surable depth of the ocean, whereunto no sound can ever penetrate

—

dwellers in the realms of eternal silence, where even the roar of the

storm is lost, vivid and distinct perceptions of sound can be little needed.

Surrounded by a turbid element, through which the rays of light with

difficulty make their way, the sphere of vision must necessarily be ex-

tremely limited. Immersed in a fluid but little adapted to distribute

odorous particles, a refined sense of smell would be a useless provision.

Taste, if it exists at all, must be blunted to the utmost, from the cir-

cumstances under which fishes seize and swallow prey ; and even the

sense of touch, in animals encased in scales and deprived of prehensile

limbs, can only be exercised in a vague and imperfect manner.

(1671.) With such inferiority in their power of communication with

the external world, and with faculties so circumscribed, we mightjustly

infer that, as relates to their intellectual powers. Fishes hold a position

equally debased and degraded. Destitute of the means of social inter-

course, deprived of all sympathy even with individuals of their own

species, friendless and mateless, the fish is denied even the privileges of

sexual attachment ; the female for the most part ejects her countless

eggs into the sea, as heedless of the male that blindly fecundates them

as she is careless of the progeny to which they give birth. Thus, to
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pursue and destroy their prey constitutes their chief enjoyment during

life, and to bo devoured at last is the great end of their existence.

(1672.) We shall commence our account of the anatomy of Fishes by

an examination of the internal skeleton which forms the framework of

their bodies. The reader has already seen, in the Cephalopoda, the first

appearance of an osseous system in the cartilaginous pieces described in

the last chapter, and will necessarily expect that, between the rudi-

mental condition which characterizes the cephalic ring of the Cuttlefish,

and the complete and perfect skeleton of the Fish, various gradations of

development will occur as we advance progressively from lower to more

elevated forms of the finny race. Nor in this will he be deceived. The

lowest tribes of Fishes possess a skeleton but little superior in its organi-

zation to that of the Cephalopod : in the Mijxine and Lamprey the

cranium is still cartilaginous; and even the spinal column, not yet divided

into vertebrae, resembles a cartilaginous cord extending from the head to

the tail. Even in the Sturgeon, ih.eSlcate, and the Sliarlc the skeleton is but

very partially ossified ; and thus we are gradually and almost impercep-

tibly conducted to the strong and bony framework of the typical Fishes.

(1673.) But the most curious instance of gradation between the true

Fishes and the MoUusca is met with in the Ampliioxus. The Amphioxus

is met with in all the European seas, but is more especially abundant in

the Mediterranean. Its usual residence is upon banks of sand, where it

finds both shelter and abundance of nourishment. Like the Ascidians,

it seems to feed entirely upon infusorial organisms, either animal or

vegetable, which abound in the localities that it frequents, and which it

swallows, just as the Ascidians do, by the instrumentality of the vibratile

cilia with which its mouth and branchial chamber are richly provided.

Such is the activity of its movements, that, when dug up from its hiding-

place in the sand, if left loose for a single instant, it buries itself again

with astonishing rapidity, and thus almost instantaneously eludes the

grasp of those who attempt its capture. Although decidedly a member

of the vertebrate series of animals, the Amphioxus can hardly be said

to possess a skeleton, so soft is the condition of those tissues which,

from their arrangement, evidently represent this structure ;
still it is

not difRcult to point out the arches of the lower jaw (fig. 457, a) and

of the branchial apparatus {d), as well as the structure and position of

the spinal column.

(1674.) One of the most interesting features in the anatomy of the

ArapUoxus is, that the canal which encloses the meduUa spinaUs pre-

sents anteriorly no cranial expansion, but the dorsal cord representing

the spine extends quite from one extremity of the body to the other,

projecting both behind and before considerably beyond the lateral mus-

cles of the body, and extending anteriorly considerably further forward

than the oral apparatus (a), or the anterior termination of the spmal cord.

(1675.) The mouth (fig. 457) is surrounded by a cartilagiuous ring,
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composed of several pieces, each of wliicli gives off a prolongation to

Fig. 457support the cirri that surround the oral

orifice. The buccal cavity is lined with

mucous membrane, and is densely ciliated

—the ciliary action forcing continuous

currents of water towards the branchial

chamber (d), or the branchial canal, as it

is called by Miiller, which, being continued

backwards, terminates in the commence-

ment of the alimentary canal (e).

(1676.) The branchial chamber is sup-

ported by a very singular sort of frame-

work, first described by Eetzins and

Goodsir, and subsequently more in detail

by Professor MiiUer. It consists of a

considerable number (variable according

to the age of the animal) of thin rib-like

processes, which are united together supe-

riorly, but quite free below, so that they

constitute a series of semicircular arches,

united together by transverse cartilaginous

bands, so as to roof-over the branchial

vault. This solid framework is lined in-

ternally with a kind of mucous membrane,

which, however, is not continuous from

rib to rib, and consequently does not fill

up the intercostal spaces, but leaves a

fissure between each pair of the cartila-

ginous arches, so that in adult specimens

there are as many as a hundred of these

branchial fissures, or more ;
nevertheless,

as the whole branchial chamber, as weU

as the margins of these fissures, which are

extremely narrow, are closely set with

vibratile cilia, it is very difiicult to per-

ceive their existence, which, indeed, was

denied both by llathke and Goodsir.

(1677.) On placing a living Amphioxus

in water coloured with indigo, and ob-

serving it with a microscope, it is ap-

parent that the coloured particles that

enter the branchial chamber are driven

by the ciliary action, partly towards the

alimentary canal, and enter the intestine,

while another part traverse the branchial

fissures, and thus enter the abdominal cavity, whore there is no longer

Aiiiphio,vus: a, month; d, bniii-

chial chamber ; e, commencement
of alimentary canal; c, abdominal
pore; f, coecal appendage to the
intestine; /• I arterial heart; )i, vena
cara; mi, bulbs of branchial arte-

ries; k, ductus arteriosus; o, heart

of the vena porta; ; n, heart of the
vena cava;

ff, intestine; b, anal

orifice.
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any ciliary movoment, but the water which flows into it unceasingly

through the branchial apparatus forms a continuous current, which finds

an exit through the abdominal pore (c), the margins of which exhibits

ceaseless movements of contraction and dilatation. Behind the abdo-

minal pore, the cavity of the abdomen is impermeable to water, and

closely embraces the terminal portion of the intestine,

(1678.) The cavity in which the branchial apparatus above described

is lodged contains likewise the greater portion of the alimentary tube,

as well as the liver, the generative apparatus, and the kidneys ; so that,

in fact, it performs the functions both of a respiratory and abdominal

cavity.

(1679.) The digestive system of this singularly organized being

presents, in many respects, a very degraded type of structure. The

branchial chamber above described terminates posteriorly in a short and

narrow canal, which is the cesophagus. This opens into a wider intes-

tine, which is always easily distinguishable, owing to the green colour

of its parietes. A little beyond the termination of the oesophagus, there

is appended to the intestine a long caecum (/), almost as capacious as

the intestine itself, which is supposed by some to represent the liver,

here reduced to its simplest possible condition. Miiller, however, adds

that the whole of the intestinal walls, which are lined with a greenish

glandular structure, may be regarded as performing the functions of an

hepatic organ.

(1680.) The whole track of the intestinal tube, as well as the (so-

called) hepatic viscus, is covered internally with vibratile cilia. The

ciliary action, however, is more especially conspicuous in that part of the

intestine which lies beyond the green-coloured portion ; and it is here

that excrementitious matter begins to be formed, which may be ob-

served turning round and round with velocity in consequence of the

surrounding ciliary movement.

(1681.) At the posterior part of the respiratory chamber, and close

to the abdominal pore, the microscope displays some small detached

glandular bodies, which Miiller thinks may be the kidneys ;
he, how-

ever, remarks that he could never discover them by dissection.

(1682.) The ovaria consist of lax cellular tissue, surrounded with a

delicate but strong membrane, which is closed on all sides. They are

adherent by one side to the walls of the abdominal or, rather, thoraco-

ventral cavity; elsewhere they are covered by the peritoneum. Costa,

who first recognized these organs, observed that in the males the testes

occupied the same situation as the ovaria in the females. There are

neither oviducts nor vasa dcferentia ; so that the products of the genera-

tive organs must necessarily pass through the abdominal cavity and

escape through the abdominal pore, as is the case among the cyclosto-

mous cartilaginous fishes.

(1683.) The description given by Miiller of the circulation of the
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blood in the Amphioxm is extremely interesting. The circulatory appa-

ratus, whHe presenting a considerable resemblance to the normal arrange-

ment met with in other fishes, exhibits an equaUy strong analogy to

that of some of the Annelida in its division and distribution.

(1684.) MiiUer enumerates*, as belonging to the circulatory appa-

ratus of AmpJiioxiis, the following parts :—1. the arterial heart (das

ArterimJierz); 2. the bulbs of the branchial arteries (die BulbiUen der

Kiemmarterien); 3. the aortic arch, which discharges the functions of

a systemic heart (der herzartige Aortenbogen) ; 4. the heart of the vena

portte (das Pfortaderherz) ; 5. the heart of the vena cava (das Holdevenen-

Zterz),—the duties assignable to each being as foUows :—The arterial

heart (fig. 457, Z Z) is a thick vessel of uniform calibre throughout,

situated in the median Hue, and running immediately beneath the

branchial chamber, between the arches forming the framework of that

cavity; posteriorly this vessel is continuous with the heart of the vena

cava (n). Before the moment of contraction, the arterial heart is seen

to be fiUed with perfectly colouiiess blood ; but when fully contracted,

it is completely emptied (the interval between its contractions is about

a minute). From its sides are given off the hulhs of the Iranchial arteries

(fig. 457, m m), which are little contractile cavities situated at the com-

mencement of each branchial vessel, forming so many little hearts acces-

sory to the preceding. Their number varies with that of the branchial

arches, from five-and-twenty to fifty on each side, their oflace obviously

being to distribute unrespired blood through the branchial apparatus.

No branchial veins can be distinguished in the living animal ; but by

carefully detaching the branchial chamber and laying it on a strip of

glass, it becomes apparent that the aorta, situated upon the dorsal aspect

of the respiratory cavity, receives the veins supplied from each branchial

arch.

(1685.) Aortic arch performing the functions of a heart.—The blood

of the Amphioxus is not, as in fishes, entirely supplied to the aorta

through the medium of the branchise, but is partly conveyed immediately

into that vessel through two large trunks, the representatives of the

ductus artenosus (fig. 457, Ic), which directly unite the median arterial

heart with the aorta, and are, to a certain extent, continuations of the

heart itself. They are, however, themselves contractile organs, and are

actively employed in the propulsion of the blood, as is the aorta itself

(fig. 457, i), which, doubtless, performs the functions of a heart.

(1686.) The heart of the vena portce (fig. 457, o) is a long vessel,

which runs along the under surface of the intestine as far as the hepatic

caecum; its contractions are readily observable in the living animal,

the intervals between each being exactly the same as in the other hearts

above mentioned.

* "Ueber den Ban und die Lebcnsorschoinimgon des AmphioxKS lanceolattis,"

Berlin Trans. 1842.
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(1687.) The heart of the vena cava (fig. 457, n) is placed opposite to

the preceding—that is to say, on the dorsal aspect of the hepatic csecum

;

it is at first of small size, but, gradual!)' becoming larger, ultimately

empties itself into the arterial heart (/), which it supplies A\ ith blood.

(1688.) The contractions of the vessels, or hearts, above described

succeed each other in such a manner that each in turn becomes gradu-

ally filled, while others contract. The systole of the arterial heart does

not commence before the act of contraction has been completed in all

the rest of the system. Moreover each trunk contracts in succession

with so much energy that it seems to empty itself entirely, and remains

for some little time undistinguishable, from which circumstance it ne-

cessarily results that any given portion of the blood will have passed

through the entire round of the circulation in the time which elapses

between the consecutive contractions of the same portion of the vascular

system—a space of time which observation shows to be in BrancMostoma

about a minute.

(1689.) But, perhaps, the most remarkable feature in the anatomy of

this singularly organized being is the apparently complete absence of a

brain. The medulla spinalis, slightly thickened towards the central

part of the body, tapers off posteriorly as it approaches the tail, where it

terminates in a point ; and towards the anterior port of the body, as

appeared to MM. Eathke* and Goodsirf, a similar disposition was ob-

servable : hence they conceived that the central axis of the nervous

system in this fish was reduced entirely to the parts representing the

spinal cord in other Yertebrata. Subsequent researches, however, have

shown that this is not strictly the case, but that, although there is no

cerebral enlargement corresponding to the encephalon of ordinary fishes,

the anterior extremity, inasmuch as there exist distinct olfactory J and

optic organs, must be regarded as essentiaUj encephaHc in its nature.

(1690.) In tracing the modifications observable in the construction

of the vertebral column of fishes, we have a beautiful illustration of the

progressive advances of ossification in this the central poi-tion of the

osseous system. The spine of the Lamprey, although at first sight ap-

parently entirely soft and cartilaginous, presents already, in the arches

which compose the spinal canal, and in the soft cord that represents the

bodies of the vertebra, slight indications of an incipient di\ision into

distinct pieces : rings of ossific matter are distinguishable, encircHng at

intervals the soft spinal cartilage, upon which they perceptibly encroach

;

so that, on making a longitudinal section of the cord, it off"ers the ap-

pearance sketched in the adjoining figure (fig. 458, a). In a more ad-

vanced form of a fish's skeleton, as for example in the Sturgeon, these

* " Bemerkung uber den Bau des AmpMoxus lanceolatus," Monatsberichtc der

Akad. dor Wissenschaften, 1841.

t Transactions of Mio Eoyal Society ol' Edinburgh, vol. xv.

t Vide KoUiker, Midler's Archiv, 1843.
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ossified riugs are found to have enlarged considerably, and penetrate

still more deeply into the cartilaginous mass (fig. 458, b). As the bony

rings thus developed approximate the

centre, it becomes more and more

evident that they represent the bodies

of so many vertebrae ; but even in the

majority of fishes the central part

remains permanently miossified, so

that a cartilaginous axis traverses

the vertebral column from one end

to the other (fig. 458, c) : and it is

not unusual to find the central aper-

ture perfectly obliterated, as deline-

ated in the fourth sketch (d).

(1691.) Fishes, being continually

resident in an element nearly of the

same specific gravity as their own

bodies, require little firmness or so-

lidity in the construction of their spi-

nal column : a free and unfettered power of flexion in certain directions,

so as to permit an ample sweep of their expanded tail, which forms

the principal agent in propelling them forwards, is far more essential

to their habits. Thus the cartilaginous spine of the feeble Lamprey is

sufficient for all needful purposes ; and even in the most perfectly ossi-

fied fishes, from the manner in which the vertebrae are united to each

other, the greatest possible fiexibility is ensured. The body of each

vertebra presents two conical cups, the apices of which are nearly or

quite continuous ; the margin of each cup-like depression is united by

elastic ligament to the corresponding margin of the contiguons vertebra,

and thus between the bodies of each pair of vertebrae a wide cavity is

formed (fig. 458, n), which is filled up with a semigelatinous substance

;

so that, by this beautiful contrivance, the mobility of the whole chain

is abundantly provided for.

(1692.) There are only two kinds of vertebrae recognizable in the

skeleton of a Fish, viz. the abdominal and the caudal. The abdominal

vertebrae support the ribs (for in these animals the ribs do not constitute

a thorax, or contain any of the viscera called thoracic in the human
body)

;
they extend from the head to the commencement of the tail, and

are at once recognizoble by the nature of the elements which enter into

their composition, each vertebra being provided with a superior arch

(fig. 454, h), through which passes the spinal cord, a superior spinous

process (c), and two transverse processes (cl), to the extremities of which

the ribs arc generally attached. The caudal vertebrae are composed, as

we have already seen, of different elements : the transverse processes

cither do not exist, or arc very feebly developed ; but beneath the body
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an inferior arch is formed, and from this an inferior spinous process,

equalling the superior in length, is prolonged in the opposite direction

(fig. 459, h).

(1693.) As the vertebrae approach the tail, they become somewhat

modified in structure to support the caudal fin : their spines become

shorter and thicker, the canals formed by their superior and inferior

arches smaller or nearly obliterated, and at length the spines become, as

it were, soldered to each other and to the interspinous bones hereafter

to be noticed ; so that they form a broad vertical plate, to the posterior

margin of which the rays of the tail-fin are articulated (fig. 459, 70).

(1694.) The ribs of Fishes are slender bones, appended either to the

extremities of each transverse process of the abdominal vertebrae, or else

to the body of the vertebra itself
;
every rib is connected with but one

vertebra, and that only at a single point. They do not, as we have

already said, form a thoracic cavity, but enclose the abdomen, and are

imbedded among the lateral muscles of the trunk, to which they give

support. From each rib arises a long styliform process (73), which, in-

clining backwards, is likewise plunged among the musciilar fasciculi

;

and in some fishes, such as the Herring and Carp tribes, similar append-

ages are derived from the bodies of the vertebrae themselves, so that the

bones of such fishes appear to be extraordinarily numerous. On the

other hand, many tribes have but the rudiments of ribs ; and in some,

as, for example, in the Skate, they are altogether wanting.

(1695.) No sternum, properly so called, exists in Fishes; but the ex-

tremities of the ribs are sometimes connected with ossified plates belong-

ing to the tegumentary system, which cover the abdomen, and which by

some authors have been regarded as a sternal apparatus.

(1696.) "We have now to request the attention of the reader to cer-

tain supplementary organs which are peculiar to the class before us.

These consist in sundry appendages to both the superior and inferior

spinous processes of the vertebrae, which are generally prolonged into

fins situated along the mesial line of the body. These single fins, which

must by no means be confounded with the pairs of fins that represent

the arms and legs, are very variable in their position, and in many eases

are altogether wanting. When fuUy developed, one of them is situated

along the mesial line of the back ; and in the Perch (fig. 459) this dorsal

fin is separated into two distinct portions (75). Another, denominated

the caudal fin, forms the tail ; and a third, likewise situated in the

median line, at a short distance behind the anal orifice, is called the anal

fin from that circumstance.

(1697.) These fins present two sets of bones—the interspinous bones,

which form the basis to which they are affixed, and the fin-rays.

(1698.) The interspinous bones (fig. 459, 71) form a series of strong

dagger-like bones, deeply implanted in the flesh along the mesial line

of the body, between the two great masses of lateral muscles :
their
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points generally iienctrate to a little distance between the spinous pro-

Skcleton of the Perch (Percafluviaiilis). (After Cuvior.).

cesses of the vertebrae, to which they are connected by a ligamentous

2 X
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attachment ; whilst to their opposite extremity, which may be compared

to the hilt of the dagger, the correspondiug fin-rays are affixed by a

beautiful articulation. There is generaUy only one interspinous bone

affixed to a vertebral spinous process ; but in the Flat-fishes {Pleuro-

nectidce) there are two ; and moreover, in that remarkable family, the

inferior spinous process of the first caudal vertebra (which, as we have

already seen, is of enormous size) frequently has not fewer than six or

seven interspinous bones appended to its extremity.

(1699.) Each interspinous bone consists of two pieces, united by a

suture,—one portion representing the blade, the other the handle of the

dagger to which we have compared it.

(1700.) The fin-rays of Fishes are of two kinds, being either solid,

and apparently composed of one strong piece, like those which support

the anterior half of the dorsal fin of the Perch (75), in which case they

are called s2nno-us rays, or else they are composed of several slender

stems derived from one common root, every one of which is made up of

numerous pieces : these, which bear the name of sofi rays, are found in

the posterior portions both of the dorsal and anal fin of the Perch, and

are invariably met with in the tail of all fishes possessed of a caudal fin.

This difference in the structure of the fin-rays, trivial as it might appear,

is a circumstance to which much importance is attached by ichthyologists,

who hence derive the means of separating osseous fishes into two great

groups—the Acanthopterygii, or such as possess spinous rays in the

composition of their dorsal fin, and the Malacojjterygii, in which all the

fin-rays are soft. Every fin-ray, whether spinous or soft, is m reality

made up of two lateral halves placed side by side: in the soft rays these

are easily separable ; but in the spinous rays they are firmly united

along the median Kne, so as to represent but one bone.

(1701.) The articulation between every fin-ray and the corresponding

interspinous bone forms a hinge-joint, so as to allow of the elevation or

depression of the fin. The structure of this joint is very beautiful
:

the

two lateral halves of the ray separate, so as to form two branches, which

firmly embrace the sides of the head of the interspinous bone, and

terminate in little prominent tubercles which are received into corre-

sponding lateral depressions in the bone to which the ray is attached.

Sometimes, indeed, the head of the interspinous bone is completely per-

forated; and then the two branches of the fin-ray passing through the

opening become firmly united with each other, forming a kind ot joint

which is pecuKar to Fishes, and exactly resembles the mode of union

between two links of a chain. This structure is beautifiOly exhibited

the articulation of the elongated rays attached to the head of Lophncs

]^^scatorms

^^^^^^^.^.^^ ^^^^ ^-^^ of Fishes is one of the most

difficult studios connected with their history; nevertheless it is a sub-

* Vide Yarrell's History of British Fishes, vol. i. p. 271. 8vo.
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ject of very considerable importance, and has recently occupied the

attention of the most celebrated Continental anatomists. It is not by

any means our intention to engage our readers in discussing all tlic

conflicting, and sometimes visionary, opinions entertained by different

authors relative to the exact homology of the individual bones forming

this part of the skeleton ; and we shall therefore content ourselves with

placing before them, divested as far as possible of superfluous argumen-

tation, Cuvier's * masterly analysis of the labours of the principal in-

quirers concerning this intricate piece of anatomy, taking the Perch as

a standard of comparison t-
'

(1703.) The head of a Fish may be conveniently divided, for the

purpose of description, into several distinct regions, each of which will

require separate notice.

(1704.) The crmiium, which forms the central portion of the skull,

contains the brain and auditory apparatus, and constitutes the basis

whereunto the other parts are connected. It is remarkable for the

number of distinct pieces of which it consists, inasmuch as in Fishes the

elements, or ossific centres, of which the cranial bones of higher animals

are composed remain here permanently separated, overlapping each other,

so as to form squamous sutures, but never becoming fused together, as

the elements" of the human skull invariably do at a very early period.

(1705.) No fewer than twenty-six bones enter into the composition

of the cranium we are considering; to which, as is now generally

allowed, the following names are applicable.

(1706.) The frontal bones are each divided into three portions, called

respectively the principal frontal the anterior frontal (2), and the

posterior frontal (4).

(1707.) Between the anterior frontal bones is the ethmoid, a simple

vertical lamella, which is often merely a cartilaginous plate.

(1708.) The middle of the base of the cranium is made up of two

bones :—the basilar (fig. 460, 5), a portion of the occipital, forming the

body of the occipital vertebra ; and the body of the sphenoid (e), a di-

stinct bone, which is prolonged anteriorly into a lengthened process,

which serves as the base of the membranous septum between the orbits.

(1709.) The parietal bones (i) are placed behind the posterior frontal

;

but they do not generally touch each other, being separated by an inter-

posed bone called the interparietal (s).

(1710.) The occipital bone is made up of five portions—namely, two

* Cuvier et Valenciennes, Histoire des Poissons, vol. i. 4to.

t Tbo.so who would enter more fully into the discussions relative to the essential

composition of the skull are referred to the works of Geoffroy St.-Hilaire, Spix,

Eosenthal, Meckel, Bakker, Bojanus, Oken, Owen, and Huxley, the great dispu-

tants upon this subject.

I In order to simplify the subject as much as possible and prevent unnecessary

repetition, the reader will observe that, throughout all the figures connected with the

osteology of the Vertebrata, corrcsimiding hones are indicated by the same numbers.

2x2
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external occipitals (9), two lateral occipitals (10), and the basilar bone

(5), already noticed, by which the bead is articulated with the first

vertebra of the spine.

(1711.) Two detached bones, which represent the great or temporal

alee of the sphenoid, fill up the space between the body of the sphenoid

and the posterior frontal.

(1712.) Two other pairs of bones, which are elements of the temporal

bone in Man, likewise assist in forming the cranium :
these are caUed

the mastoid bones (12) and the petrous hones (13).

(1713 ) A single bone, analogous to the anterior portion of the body

of the human sphenoid, and which, as will be fully evident hereafter,

is essentially distinct from the posterior portion, bears the name of the

a7iterior sphenoid, while the orUtal aim of the sphenoid are found in

the two bones marked w.

(1714 ) These, therefore, together with the representative ot the

vomer (lo), complete the cranial portion of the skaU
;
no fewer than

six azyo-os and twenty pairs of bones entering into its composition.

(1715.) Bones composing the upper jaiv.—The upper jaw consists

Fig. 460.

Cranial and facial bones of the Perch : basilar view. (After Cuvier.)

Of two pairs of bones, which, from the looseness of their connexion with

the other bones of the face, are endowed with considerable -o^^^y.

V1716 ) The intermaxillary hones (it) form the greater part ot the

™arJn of the jaw, and are aLhed by a moveable articida^.n to «

anterior extremity of the vomer. These bones are armed with nume

reus sharp teeth.

^^^^^^^^^^ ^^^^^ ^^^^
,,,eulated with the
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last, and generally are in like manner furnished with teeth. In some

cases they are divided into two or three pieces.

(1718.) Bones of tlie face.—The hones of the face in Fishes are very

numerous; but, as they are of little importance to the osteologist, a

bare enumeration of them will answer our present purpose, and enable

the student to recognize them with facility. We have first the 7iasal

bones (20) ; then a chain of bones of variable size and number (19), so

disposed as to form the lower boundary of the orbit, and hence named

suhorhital hones. Behind these, again, a similar chain of ossicles is not

unfrequently met with, arching over the temporal fossa; and these, which

are apparently peculiar to Eishes, are named the supratemporal (21).

(1719.) Pterygo-palatine and temporal system of hones.—Upon each

side of the head is situated a somewhat complex apparatus, connected

on the one hand with the articulation of the lower jaw, and on the other

with the opercula, or gill-covers. These bones are seven in number on

each side.

(1720.) The palatines (22) are easily recognizable, forming part of the

roof of the mouth, and generally armed with teeth.

(1721.) Two bones are connected with the posterior edge of each

palate bone : one, situated externally, becomes, in Eeptiles, a very im-

portant element ; it is called the transverse hone (24) ; the second (25)

is named the internal pterygoid.

(1722.) The other pieces belonging to this part of the skeleton are

not a little interesting on account of their remarkable arrangement

;

and perhaps the anatomical student will be somewhat startled at the

position which some of them occupy. In the first place, the squamous

portions of the temporal, instead of entering into the formation of the

cranium, are here slightly displaced, and, although still called the tem-

poral hones (23), are articulated by a hinge-joint with the posterior

frontal and mastoid bones, and thus form a moveable basis to which the

opercular apparatus is attached.

(1723.) Connected with the temporal we have the broad and flat

piece, 27, which is the tympanic hone ; and to these the pieces forming

the opercula are appended.

(1724.) Lastly, supporting the lower jaw we find the jugal hones ;

and connecting these with the rest of the temporal apparatus are two

small ossicles (31), which complete this portion of the skeleton.

(1725.) The seven bones above enumerated are almost immoveably

connected with each other by the interposition of cartilage between

their edges—a mode of articulation distinguished by the name of syn-

chondrosis ; but the whole apparatus moves readily upon two hinges,

one formed by the articulation of the palate bone with the maxillary

and vomer, and the other by the joint which unites the temporal bone

to the posterior frontal. This movement, by opening the gill-covers,

enlarges the cavity of the mouth when the fish wishes to take in the
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water necessary for respiration, or else, by acting in a contrary direction,

again expels it.

(1726.) Opercular hones.—The great flap which in osseous fishes

closes the gill-openings externally, is composed of four pieces, to which

the following names have been given. The prceoperculum (30) is at-

tached to the posterior edge or angle of the palato-temporal apparatus

last described ; and its borders often present spines and indentations,

which, being visible externally, are of much importance to the ichthyo-

logist, as they afford a good character of distinction between allied genera.

The second piece (28), which from its size is called par excellence the

operculum, together with the suhoperculum (32) and the interoperculum

(33) , form a flap which covers the giU-opening like a great valve, open-

ing and shutting continuaUy to give exit to the water used in respiration.

(1727.) Lower jaw.—The lower jaw of Fishes consists of two lateral

halves united by a symphysis in the mesial line, each branch being

articulated with the jugal bone of its corresponding side. Each division

is separable by maceration into four or even five pieces, viz. :—the dental

(34) , which supports the teeth; articular (35), bearing the articu-

lating facet; the angular (36), forming the angle of the jaw; and a

fourth, placed upon the inner surface of the articular, caUed the oper-

cular, because it corresponds to a bone met with in the lower jaw of

reptiles, to which the same name has been applied. The fifth, when

present, is very small and unimportant.

(1728.) Os Jiyoides and hrancUostegous rays.—The os hyoides of a

fish is situated as in other vertebrate animals; it is composed of two

branches, each made up of several pieces (fig. 461, 37, 38, 39, 4o), and is

always suspended from the temporal by means of two smaU ossic es (59),

which, as they represent the styloid process of Man, are called the

stxiloid hones.
. , . , , •

i

(1729 ) Between the two branches of the os hyoides is placed a single

central piece (42), which becomes of great importance m Reptiles and

Birds; and upon tHs is the bone which supports the tongue, or the

lingual bone (41). . , , , v i

(1730 ) The great fissure that exists on each side between the head

and shoulder of an osseous fish, wherein the gHls are situated is not

closed merely by the opercular bones, but likewise by a broad mem-

branous expansion called the hrancUostegous m.niftmn., which is ad-

herent to the OS hyoides, and assists in forming the great valve of the

operculum. This membrane is supported by a series of slender bone

derTved from the external margin of each branch of the os hyoides
;

and

these are named, from their office, the hrancUostec^us r"ys
{^^)^

(1731 ) Brancldal apparatus.-Yi^\^^^ breathe by taking wate into

th ir miths, and forcing it out again through ^^^^^^
upon each side of the neck ; it is thus made to pass

"^^'^'^^.^onl
which form a series of pectiniform vascular fringes supported upon
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system of bones caUed the brancJdal arches. • The branchial arches,

which are generally four in number on each side, are attached by one

extremity to an intermediate chain of bones (53, 54, 55) situated in the

mesial Hno behind the os hyoides, whilst by their opposite extremity

they ai-e connected by Hgamenta to the under surface of the cranium.

(1732.) Every branchial arch consists of several pieces (57, 58, 59, 60,

61), so joined together by ligaments that the whole is perfectly flexible

;

and their edges are studded Avith little osseous plates, generally armed

Fig. 461.

Os hyoides and branchial bones of the Perch. (After Cuvier.)

with teeth, and so disposed as to prevent food taken into the mouth

from being forced out through the branchial fissures with the issuing

streams of water ; so that, in reality, these pieces fulfil in their way the

same office as the epiglottis of Mammalia.

(1773.) Pharyngecd hones.—The last parts found to enter into the

composition of this portion of a fish's skeleton are called, from their

position, the phargnr/eal hones. They are placed immediately behind

the branchial apparatus, and form a second set of masticatory organs,

generally even more efficient than the jaws themselves, being for the

most part provided with very strong teeth.

(1734.) In the Perch there are eight of these bones, situated just at

the entrance to the oesophagus,—two inferior (50), and six above (c2) :
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their office and efficiency as organs of mastication must be obvious to

the most superficial observer.

(1735.) Upon reviewing the general disposition of the skeleton in

one of the osseous fishes, it is at once apparent that the great instru-

ment of locomotion is the tail, which by extensive and vigorous lateral

movements sculls the body rapidly along through the yielding element

in which these creatures live. In the construction of the caudal ex-

tremity of the skeleton, every precaution has evidently been taken to

convert this part of the body into a broad and expanded oar, possessed

of the utmost possible flexibility in the lateral direction. No pelvis,

therefore, trammels the movements of the spine, neither do any trans-

verse processes limit the extent of flexion from side to side
;
while, on

the contrary, the extraordinary development of the spinous processes,

both above and below, and more especially the vertical caudal fin, give

an extent of surface proportionate to the wants of the animal.

(1736.) The dorsal and anal fins, situated upon the mesial plane,

steady, and perhaps, in some measure, direct the movements of the

body ; while the arms and legs, or, rather, the pectoral and ventral fins,

which are in this case of secondary importance as locomotive instru-

ments, exhibit a very rudimentary condition, and are but feeble agents

in progression.

(1737.) The posterior extremities, or ventral fins, are even less effi-

cient than the pectoral in this respect ; and their position is found to

vary remarkably in different orders. In the Perch these organs are,

as we have seen, attached to the bony framework of the shoulders ;

in the Carp tribe (Cyprinidfe) they are removed far back towards the

commencement of the tail, and the bones supporting them are merely

imbedded in the muscles of the abdomen ; in the Cod (Gadidse) the

legs are absolutely in front of the arms, being suspended under the

throat; and in the Anguilliform fishes, the Eel for instance, the ventral

extremities are altogether wanting.

(1738.) Such being the imperfect development of the usual locomotive

organs, we are quite prepared to expect a corresponding modification in

the disposition and efficiency of different parts of the muscular system.

When we compare the muscles of a fish with those of any of the higher

yertebrata, the contrast is indeed very strildng.

(1739.) DeUcate muscles (fig. 462) are provided for the erection or

depression of the different rays sustaining the dorsal and ventral fins,

and thus the fins themselves are expanded or folded up at pleasure.

Similar fasciculi spread out or approximate the rays of the tail m-

creasing or contracting at wiU the extent of surface presented by hat

organ. The muscles of the pectoral and ventral limbs are small in

proportion to the feebleness of these extremities ;
the

^^n
trunk alone constitute the great bulk of the body, and form the efficient

agents in progression.
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(1740.) These great lateral masses commence at the back of the

head, where they take an extensive attachment to the largely developed

cranium : from this point backwards they fill up the entire space inter-

vening between the skin and the vertebral column, with both of which

Fig. 462.

Myology of the Perch. (After Cuvier.)

they are intimately connected, reaching even to the origin of the tail

fin. The whole force of these powerful muscles is evidently exerted in

bending the spine from side to side, and in effecting those vigorous

lateral movements of the tail whereby the fish is propelled through its

liquid element. We need, therefore, feel little surprise at the strength

with which this part of the body of fishes is not unfrequently endowed,

or at the velocity of their movement—at seeing how easily their speed

outstrips our fleetest ships—how the Hying Pish (Exocoetus), urged on

by fear, darts like an arrow to a distance through the air—or how the

Salmon, in obedience to an imperious instinct, defies even the thunder-

ing cataract to stop its course towards the locality where it is instructed

by Nature to deposit its eggs.

(1741.) There are sundry tribes of Eishes which, being destined to

remain at the bottom of the sea, present certain peculiarities of struc-

ture, whereby they are not only distinguished from all others of the

class, but form most remarkable exceptions to the general law in accord-

ance with which the Vertebrata are organized.

(1742.) The animals presenting this anomalous configuration are the

Pleuronecticlcp *, or Flat-fishes, as they are generally termed, which when

at rest lie quietly upon the ground, where, from the colour of the upper

part of their bodies, they are scarcely distinguishable. To an ordinary

observer the Pleuroncctidce would seem to have their bodies flattened

and spread out horizontally, so that, while resting upon their broad and

* TrXevpd, tho side ; vtikt/js, a swimmer.
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expanded bellies, their eyes, situated upon the back of the head, are

thus disposed for the purpose of watching what passes in the water

above them; and this, the vulgarly-received opinion, is considerably

strengthened by the fact that what is usually called tlie belly is white

and colourless, while the back is darkly coloured and sometimes even

Fig. 463.

Osteology of the Flounder (^PleHronectesJleaus).

richly variegated, so as to harmonize with the prevailing tints of the

sea-bottom. Hence the appearance of these fishes is deceptive, and

few imagine that, in applying the term back and belly to the up]icr and

under surfaces of a Plaice or a Turbot, they are adopting a phraseology

quite inadmissible in an anatomical point of view.

(1743.) On examining the skeleton of a Flat-fish, we at once see
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that what we suppose to be the dorsal and ventral regions are in reality

the two sides, which are thus strangely different in colour, and that

the great peculiaiity of their structure is the want of symmetry between

the lateral halves of the body, arising from the anomalous circumstance

that both the eyes are placed upon the same side of the head. Their

cranium, indeed, is composed of the same bones as that of an ordinary

fish ; but the two lateral halves are not equaUy developed, and the

result is such a distortion of the whole framework of the face that both

the orbits arc transferred to the same side of the mesial line of the back.

(1744.) The position of the pectoral and ventral fins slightly parti-

cipates in tHs want of symmetry ; but in other respects the skeleton

(fig. 463) precisely corresponds vsdth that of the generaHty of osseous

fishes. The superior and inferior spinous processes of the vertebrae

are amazingly developed, and the intersj>inous hones (u) of inordinate

length ; so that the vertical diameter of the body is disproportionately

increased, and the animal is obliged to swim and rest upon one side.

The dorsal Jin (75) runs along the whole length of the back ; the anal

Jin (a) reaches from the large spines that form the posterior boundary

of the abdomen to the tail, which latter holds the same position as in

other tribes : so that the reader wiU have little difiSculty in comparing

the different pieces of the skeleton of the Flounder {Pleuronectes Jiesus)

with the corresponding bones of the Perch already described.

(1745.) The skeletons of the cartilaginous fishes {CTiondroperygii *)

will require a distinct notice, inasmuch as they present very remarkable

peculiarities of no inconsiderable interest. In the Sharks, Skates, and

other genera belonging to this important division of the great class we

arc now considering, the interior of the. bones remains permanently

cartilaginous ; but the skeleton is in some regions incrusted, as it were,

with osseous granules. No centres of ossification from which radiating

fibres of bony matter progressively extend themselves, as is the case in

the osseous fishes, are ever developed; and consequently the skull,

although it presents externally the same regions, eminences, and aper-

tures that are usually met with, is never divided into separate bones,

but is formed of a single mass of cartilage, in which no sutures or lines

of division are ever distinguishable.

(1746.) The face is likewise much more simple in its structure ; for,

instead of the numerous pieces composing the palato-temporal region

of the Perch (§ 1719), two bones only are met with, one of which, the

palatine, performs the office of an upper jaw and supports the teeth,

while the other connects the lower jaw with the cranium. The lower

jaw itself, moreover, consists of but one piece on each side, to which the

teeth are attached.

(1747.) From the peculiar conformation of the respiratoiy apparatus,

which will be explained hereafter, there is no occasion for any oper-

* x^vSpos, cartilage
;
TTTepvyiov, a fin.



684 PISCES.

ciolar flap ;
this, therefore, is not present : nevertheless the hyoid and

branchial arches resemble pretty much those of osseous fishes
;
only the

Fig. 464.

Cartilaginous skeleton of the Skate.

latter are situated further back-

wards, being placed quite behind

the. skull, under the commence-

ment of the spine.

(1748.) The bones of the

shoulder are represented by a

strong cartilaginous zone, which

in Sharks is quite unconnected

with the vertebral column ; but

in the Skate (Raia) it is fixed to

two large lateral apophyses de-

rived from the spine (fig. 464).

The zone representing the scapu-

lary apparatus consists of a

single piece, which surrounds the

body, and on each side supports

the bones of the forearm. The

enormously developed pectoral

fiu is composed of the carpiis,

amazingly augmented in size, and

of the no less remarkable hand,

which in the Skate is made up of

an immense number of fingers or

rays, and forms by itself nearly

half the circumference of the

body.

(1749.) T\v<i pelvis, OT cartila-

ginous framework that supports
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the hinder extremities, i. e. the ventral fius, is a single transverse piece

of cartilage quite detached from the rest of the skeleton ;
it expands on

each side into a broad plate, to which the fin, the representative of the

foot of higher animals, is appended ; and likewise in the male it gives

attachment to additional organs caUcd claspers, the use of which will be

explained in another place.

(1750.) The anterior portion of the spine in the Skate is not as yet

divided into distinct pieces ; and even in the posterior part, the number

of vertebral arches is twice as great as that of the separate bodies of

the vertebrae.

(1751.) In all the Chondropterygii the ribs are mere rudiments, and

in some cases can scarcely be said to exist at all.

(1752.) The Sturgeons (Sturlonidce) form a kind of connecting link

between the osseous and cartilaginous fishes ; and in them a large

swimming-bladder exists, from which is obtained the valuable material

called isinglass : but in the Sharks and Rays this organ is not found

;

consequently, especially in the tribe last mentioned, it is only by means

of the vigorous flappings of their enormous hands that these ground-

fishes are able to raise themselves from the bottom. The disposition

and relative importance of different parts of the muscular system is

therefore necessarily changed to meet these altered circumstances : the

muscles of the trunk, which in osseous fishes formed the great agents in

locomotion, become now of secondary importance ; while those of the

pectoral fins, so feebly developed in the Perch, are massive and pow-

erful in proportion to the unwieldy size of the anterior extremities.

Another peculiarity in the skeleton of the Chondropterygii is observable

in the construction of the caudal fin, which, even in the Sturgeon and

the Shark, notwithstanding the importance which this organ stiU main-

tains in those genera as an instrument of locomotion, begins to dififer

very remarkably from the tail of an osseous fish. It is true that it stiU

exhibits great expansion in a vertical direction, and to a superficial

observer, if examined without dissection, might seem to be constructed

on the same principles ; but on examining a skeleton of one of these

cartilaginous fishes, it wiU be found that the vertebral column is con-

tinued uninterruptedly into the upper half of the generally furcate tail,

whilst the lower division of the caudal fin is entirely made up of sup-

plementary rays, appended to the inferior aspect of the caudal vertebrae.

Possessing this form of the tail, the transition is by no means abrupt

from these highly organized fishes to the Saurian reptiles, with which,

as we shall afterwards see, they exhibit many remarkable afiinities,

(1753.) If in the highest Heterogangliata we found that, in addi-

tion to the tegumentary skeleton, or shelly covering, so extensively met

with among the MoUusca, the first appearances of an internal osseous

system became recognizable, we are not on that account to imagine that,

as soon as bones become developed internally, the cuticular secretions
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hitherto denominated shell at once disappear, but, on the contrary, must

be prepared to expect that, in some form or other, calcareous armour

deposited by the skin will still be met with. In Fishes the coexist-

ence of an internal and of an external skeleton is undeniable
;
and

having already described the former, which has been aptly enough

called the endoslceleton, it remains for us in the next place to examine

the latter or eccoslceUon, which, as we shall soon perceive, forms no un-

important part of the anatomy of the class under consideration.

(1754.) The most usual form of the cutioular covering of Fishes is

that of imbricated scales, with which the whole exterior of the body is

compactly encased, as in a suit of armour. Such an investment is ad-

mirably adapted to their habits and economy. The dense and corneous

texture of the scales, impermeable to water, defends their soft bodies

from maceration, while, from their smooth, pohshed exterior and beau-

tiful arrangement, they ensure the least possible resistance from the

surrounding medium as the fish glides along.
_

(1755 ) Examined separately, each scale is found to be partiaLy im-

bedded in a minute fold of the living and vascular cutis, to wnich its

under surface is adherent. Every scale is, in fact, made up of super-

imposed lamina of horny matter secreted by the cutis, precisely in the

same way as the shelly covering of a moUusk ;
and by maceration the

different layers may be readily separated,-the smallest and most super-

ficial being of course the first formed, while the largest and most recent

are those nearest to the surface of the living skin: as far as relates to

the mode of growth, therefore, there is the strictest analogy between

the scale of a fish and sheU. Yarious are the forms under which these

scales present themselves to the ichthyologist :
sometimes as m the Eel,

they are thinly scattered over the surface of a thick and shmy cutjs ;

more generally they form a close and compact imbricated rnail
;
in the

P^'Les 'syngLucU) the whole body is covered -th -tr^ng

armour composed of broad and thick calcareous plates ;
and m the Coffin-

fishes (O^Jaon^cZc.) the integument is converted into a s rong box made

Tmo--^ --^^-losed together, so that the tail and fins alone

"TmeTTt'sturgeon is covered with broad shield-like plates. The

T P thP mmrk is densely studded with minute sharp spines of almost

t:^^^t:.fZ In many Skates, as in the Thornback, sMar
crystamne na

,
considerable dimensions, arc distri-

Tutd ove; r^^^^^^^^ « "-'t'T'Z
1757 ) But cutaneous spines, although while m a rudimentary c^i-

diSey are obviously mere extraordinary developments o scdo^

mav oc asionally become of sufficient size and importance to make them

may
unexpected uses ; and when thus exaggerated m

ST— a^p^riated to disti^ict offices tb^ assun^^^

much of the character of true bone that it is no longex easy to demon
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strate their real nature, more especially as they then become in many

cases really articulated by means of very perfect joints with different

pieces of the encloskeleton properly so called.

(1758.) Let us examine this important subject with a little attention,

and we shall soon perceive how closely the endosJceleton and the exo-

sJceleton may become connected, not to say interchangeable, with each

other. There is no possibihty of mistaking the spines and tubercles

upon the back of a common Skate for any thing but cuticular appendages,

secreted in the same maimer as scales from the surface of a vascular

pulp ; but in the Fireflare {Tnjgon pastinaca), where, instead of the

scattered hooks of the former species, we find a single sharp and serrated

spine projecting Hke a bayonet from the upper surface of the root of the

tail, the analogy between this formidable and bone-like organ and an

epidermic structure becomes apparently more remote, and, did we not

know that the fish possessing such a weapon had no ossified bones in-

ternally, we might be tempted to regard this appendage as a process

derived from the endoslceleton.

(1759.) The spines of the common Stickleback (Gasterosteiis) are

indubitable derivations from the cuticle; but they are fastened by

moveable articulations to the sides of the body, and are raised or de-

pressed by means of muscles inserted into their bases. Advancing one

step further, we find in Silurus the first ray of the pectoral fins enor-

mously developed and forming a strong serrated weapon of a very

formidable description, which although both in shape and structure

exactly comparable to the spine upon the tail of the Fireflare, is never-

theless connected by a most beautiful and perfect joint with the bones

of the shoulder, so that it might easily be regarded as forming

part of the endosJceleton, did not its peculiar structure indicate its real

nature.

(1760.) We thus arrive at the important conclusion that different

portions of the exoskeleton become approximated in character to those

of the endoslceleton, or, in truth, really convertible into true bone ; and

with this fact before us it becomes easy to understand the nature of

various parts of the skeleton of a fish, which, upon any other supposi-

tion, would be not a little puzzling to the comparative osteologist.

(1761.) The nature of the rays of the dorsal and anal fin of the Perch,

for example, together with the intersjiinous bones upon which they are

sustained, is quite unintelligible if they are regarded as belonging to

the endoslceleton ; and no dismemberments of the osseous system as yet

imagined, or supposed subdivisions of the vertebrae into a greater num-
ber of elemental pieces than we have enumerated, have been able to solve

the difficulty ; but if they are regarded as ossified derivations from the

exoslceleton, all difficulties at once vanish.

(1762.) Again, the opercular hones (fig. 460, 28, 30, 32, 33) forming

the gUl-covers of an osseous fish have been a fruitful source of discussion

;
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nnd M Geoffroy St.-Hilairc* was reduced to the necessity of recog-

nizing in those broad plates the ossicles of the human ear, which, after

dwindling to a rudiment in the descending scale of vertebrate animals,

suddenly reappeared in a new and exaggerated form. " J'ai pen vu

dans la serie des etres do ces resurrections d'organes se remontrant

subitement dans uno classe apres avoir disparu dans une on deux de

celles qui la precede dans I'dchelle," are the impressive words of Cuvier
.

upon a si-ilar occasion; and it is certainly far more simple to imagine

the epidermic plates of the Sturgeon ossified and converted into bone,

than to be compelled to have recourse to the bold speculations of the

French anatomis't regarding the real nature of these opercular portions

of a ash's skeleton t-
. n,„.„„«w

(1763 1 In connexion with the looomoviye organs we must here notice

on of the most elegant contrivances met with in the whole range ot

animated nature, hy which the generality of fishes are enabled to ascend

towTd the surfeee, or to sink to any required depth, without exertion.

TiTmme apparatus given for this pun^ese is called thea».»».«r

bladZ and con^hts ot a reservoir of air (fig. 465, p) placed beneath

the spTne in which position it is firmly bound down by the peritoneum.

SrelT; coal of thL bladder is very strong, and composed o a peoiUiar

flbroursubstanee from which isinglass is obtained ;
but it is Imed inter-

nX 4ith a thin and deUcate membrane. The shape of thes—r^-

wt^^r varies considerably in different tribes.

^^^^J^^^^^
simple cylinder closed at both extremities ;

somel mes t gives ott

tanched appendages; sometimes, as in the Cypnnid=e it is divided

"o portions, one anterior and the other posterior, by a deep cen-

ted colstlction ; tat, whatever its shape, its otdce is the same-namely

filter the specie gravity of the ish, and thus to c
j-';^^^

™-
sink in the medium it inhabits. By simply compressing this bladder

. Philosophie Auatoiique dee PiSces osaeu... dss Organs, respiratoires. 8,0.

"'t lie Meront opinion, on the natur, or homology of the "
"^^^T iiiecunerb

_

^
fi,.«f that thev are modifications of parts of the ordinary

reduced to two principles .-fiist, that tnej are m i
^.^^

skeleton; secondly, ^bat they are superad^^^^^^^^^
philosophical

is that taken by Cuvier. According o the f^''^^'^;™ '

^ ^^^[^ g and

We of considering them, three
oV^-^^^^'^Xl J t^^^^^

aeoffroy, that they are^f^^^^^Z l^I P-fessor Grant.

V:Zt; are Imemberm 1 of the lower jaw, which by the det^clnnent

Secondly, that tney are uisiu^" u
^„Aa.^^r\ mnrfi simiDle in its composition

of the opercular bones from the ramus is

J^^^^^^p ^arib adopted by

tain sauroid fishes, as the Lepiaobieut., wniu
. Roales modified n sub-

Thirdly, that they are parts of the dermal
'^'^'''^-'if'^^^^^^ Qwen, in

servien'cy to the breathing-function,-an ^P;^"
j^J^^^X^^^^^^

1835. and

his Lectures on Comparatiye Anatomy at St. Bartholomew s Ho. p

which is the view hero adopted.
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by approximating the walls of the abdomen, or occasionally by means

of a muscular apparatus provided for the purpose, upon a principle with

which every one is familiar, the fish sinks in propoi-tion to the degree of

pressm-e to which the contained air is subjected ; and as the compressed

air is again permitted to expand, the creature, becoming more buoyant,

rises towards the surface.

(1765.) In the Perch, and many other fishes, this organ is entirely

closed, so that there is no escape for the contained air ; and in such it

has been found that if they are suddenly brought up by means of a line

from any great depth, the gas, being no longer compressed by the weight

of the column of water above, and having no exit, bursts the swimming-

bladder, and sometimes distends the abdomen to such an extent, that it

pushes the stomach and oesophagus into the fish's mouth.

(1766.) In other cases, however, a provision is made apparently with

the view of obviating such an accident, and a kind of safety-valve pro-

vided through which the air may be permitted to escape : thus in the

Carp a tube communicates between the interior of the air-bladder and

the oesophagus ; and in the Herring a similar communication is met with

between this organ and the stomach.

(1767.) The gas which fiUs the air-bladder has been found in many

cases to be nearly pure nitrogen ; but in fishes that live at a great depth,

MM. Configliacchi* and Biot ascertained that oxygen was substituted,

whence it has been presumed that this apparatus was in some way or

other an auxiliary in respiration ; and some authors have even gone so

far as to see in the swimming-bladder the representative of the lungs

of aerial Vertebrata. But, however this may be, the gas enclosed is

indubitably a product of secretioQ, being derived either from the lining

membrane of the viscus, or from a glandular structure which may fre-

quently be distinctly pointed out in its interior.

(1768.) Cuvier justly observes that, whatever opinions may be enter-

tained relative to the use of the air-bladder, it is difficult to explain

how so considerable an organ has been refused to so many fishes—not

only to those which ordinarily remain quiet at the bottom of the water,

as Skates and Flat-fishes, but to many others that apparently yield to

none either in the rapidity or facility of their movements, such as the

Mackerel for instance
;
yet even while the common Mackerel (Scomber

scomber) has no air-bladder, a very nearly allied species (Scomber pneu-

matopliorus) is provided with one ; and of this many other instances

might be adduced.

(1769.) From the circumstances under which fishes seize and swallow

their prey, it must be evident that they are incapable of enjoying any

very refined sense of taste. Those species which are carnivorous are of

necessity compelled to catch with their teeth, and thus retain a firm hold

* " Sull' analisi doll' aria contenuta nella vescica natatoria del Pesci." Pavia,

1800, 4to.

2 Y
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of the active and slippery food they are destined to devour. To divide

or masticate their aliment woidd be impracticable ; and even were they

permitted so to do, the water which perpetually washes through the

interior of their mouths would obviously preclude the possibility of ap-

preciating savours. In the construction of the mouth of a fish we

therefore find, generally speaking, that every part has been made sub-

servient to prehension : teeth, sometimes in the form of delicate spines,

or else presenting the appearance of sharp recurved hooks, have been

fixed in every possible situation where they could be made available as

prehensile organs : not only are the jaws densely studded with these

penetrating points, but they are occasionally placed on every bone

which surrounds the oral cavity or supports the entrance of the pharynx.

The intermaxillary, the maxillary, and the palatine bones, the vomer,

the branchial arches, the pharyngeal bones, and even the tongue itself,

may all support a dental apparatus, either of the same description or

composed of teeth of different shapes ;
generaUy, however, some of these

bones are unarmed ; and occasionaUy teeth of any kind are altogether

wanting.

(1770.) But if such is the most usual arrangement of the dental ap-

paratus in fishes, we must be prepared to find in a class so extensive

as that we are now investigating, various modifications both in the form

and arrangement of the teeth, adapting them to the diverse habits and

necessities of individual species ; and a few of these we must not omit

to notice in this place.

(1771.) The Myxine, or Hag-fish, one of the lowest of the entire class,

possesses no osseous framework to which teeth could be attached
;
and

yet, from the parasitical life which this creature leads, it has need of

dental organs of considerable efficiency. The Myxine, feeble and help-

less as the casual observer might suppose it, is in reaHty one of the most

formidable assailants with which the larger fishes have to contend, since

neither strength nor activity avail aught in defending them against a

foe apparently so despicable. Fixing its mouth firmly to the skm of its

comparatively gigantic victim, the Myxine bores its way into its flesh

by means of a dental apparatus of a very extraordinary description. A

single fang-like tooth is fixed to the median Hne of the palate, and the

tongue is armed on each side with two horny plates deeply serrated

:

thus provided, the Myxine, when it attacks its prey, plunges its palatine

hook into its flesh; and thus securing a firm hold, the lingual saws,

aided by the suctorial action of the mouth, tear their way to its very

vitctls ^

(1772 ) In the Lamprey the whole interior of the mouth is studded

with horny teeth, not merely flxcd to the palate and tongue, but to the

. Professor Owen, 'Odontography; or a Treatise on *° Con^paralivc A^^^^^^^

of the Teeth, their Physiological Eelationa, Mode of Developn.cn t,
and Microscopic

Structure,' &c. 4to. Baillicro, 1840.
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cartilaginous representative of the inferior maxilla and to the inner

surface of the lips.

(1773.) In the Carp tribe (Cypnnidce) the jaws are destitute of teeth ;

but in the throat there is a singular apparatus serving for the mastica-

tion of their food. The basilar bone at the base of the skull supports

a broad three-sided dental plate, which might be compared to an anvil

;

while the two inferior pharyngeal bones are each armed with four or

five large teeth, so disposed that, by working upon the piece first men-

tioned, they bruise and ti'iturate the aliment before it is permitted to

pass into the digestive cavity.

(1774.) In Skates (Eaidce) the internal surface both of the upper

and lower jaws is so covered with teeth, that they have the appearance

of a tessellated pavement : these teeth are sometimes flat and smooth, so

as to be merely useful in crushing prey ; but in many species they are

prolonged into sharp hooks adapted to prehension.

(1775.) In Sharks a beautiful provision is met with. Several rows

of teeth placed one behind the other are found laid flat, and concealed

behind the jaw. One row only, composed of triangular cutting teeth,

stands erect and ready for use ; but when these fall off", blunted and un-

fit for service, the next row rises to take their place ; and thus a succession

of efficient weapons are given to these terrific monsters of the ocean.

(1776.) We will not enlarge further upon this portion of our subject

;

enough has been said for our present purpose, and the reader will find

elsewhere abundant information*.

(1777.) The teeth of osseous fishes are generally firmly anchylosed

to the bones that support them, although in a few instances they are

found fixed in sockets, as in the rostral teeth of the Saw-fish (Pristis),

and in the mouth of SpJiyrcena, AcuntJmrus, Dictyodus, &c.t But there

are other modes of attachment only met with among fishes, some of

which are not a little curious ; and Professor Owen, in his truly splendid

work above referred to, thus describes the most important :

—

" In the Codfish, Wolf-fish, and some other species, in proportion as

the ossification of the tooth advances towards its base and along the con-

necting ligamentous substance, the subjacent portion of the jaw-bone

receives a stimulus, and developes a process corresponding in size and

form with the solidified base of the tooth. In this case the inequalities

of the opposed surfaces of the tooth and maxillary dental process fit into

each other, and for some time they are firmly attached together by a

thin layer of ligamentous substance ; but in general anchylosis takes

place to a greater or less extent before the tooth is shed. The small

anterior teeth of the Angler (Lophius) are thus attached to the jaw; but

the large posterior ones remain always moveably connected by highly

clastic, glistening ligaments, which pass from the inner side of the base

of the tooth to the jaw-bone. These ligaments do not permit the tooth

* Vide Yarrell's British Fishes. 8vo. 2 vols. t Owen, Odontography, p. (i.

2 Y 2
"
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to be bent outwards beyond tbe vertical position, when the hollow base

of the tooth rests upon a circular ridge growing from, the alveolar mar-

gin of the jaw; but the ligaments yield to pressure upon the tooth in

the contrary direction, and its point may thus be directed towards the

back of the mouth ; the instant, however, that the pressure is remitted,

the tooth flies back, as by the action of a spring, into its usual erect

position. The deglutition of the prey of this voracious fish is thus faci-

litated and its escape prevented.

"The broad and generally bifurcate osseous base of the teeth of Sharks

is attached by ligaments to the ossified or semiossified crust of the carti-

laginous jaws. The teeth of the Salarias and certain Mugiloids are

simply attached to the gum. The small and closely crowded teeth of

the Eays are also connected by ligaments to the subjacent maxillary

membrane. The broad tessellated teeth of the Eagle-Kays have their

attached surface longitudinally grooved to afford them better holdfast

;

and the sides of the contiguous teeth are articulated together by true

serrated or finely undulating sutures, which mode of fixation of the

dental apparatus is unique in the animal kingdom.

" If the engineer would study the model of a dome of unusual strengh,

and so supported as to relieve from its pressure the floor of a vaulted

chamber beneath, let him make a longitudinal section of one of the

pharyngeal teeth of a Wrasse (Labrus). The base of this tooth is sHghtly

contracted, and is implanted in a shaUow circular cavity, the rounded

margin of which is adapted to a circular groove in the contracted part

of the base ; the margin of the tooth, which immediately transmits the

pressure to the bone, is strengthened by an inwardly projecting convex

ridge. The masonry of this internal buttress and of the dome itself is

composed of hollow columns, every one of which is placed so as to trans-

mit in the due direction the superincumbent pressure.

" In another case, in which long and powerful piercing and lacerating

teeth were evidently destined, from the strength of the jaws, to master

the death-struggles of a resisting prey, we find the broad base of the

tooth divided into a number of long and slender processes, which are

implanted like piles in the coarse osseous substance of the jaw; they

diverge as they descend ; and their extremities bend and subdivide like

the roots of a tree, and are ultimately lost in the bony tissue. This

mode of implantation, which I have detected in a large extinct Sauroid

fish {BUzodus), is perhaps the most complicated which has yet been ob-

served in the animal kingdom."

(1778.) For a fuU account of the growth and development of the

teeth of Fishes, we must refer the reader to the same source from which

we have extracted the preceding paragraphs ; nevertheless the follow-

ing is a brief abstract of Professor Owen's views upon this subject.

(1779.) In all fishes, the first step in the formation of a tooth is the

production of a simple papilla from the surface either of the soft external
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integument, as in the formation of tho rostral teeth of the Saw-fish

(Pristis), or of the mucous membrane of the ijiouth, as in the rest of the

class. In these primitive papillas there can be very early distinguished

a cavity containing fluid, and a dense membrane (memhrana propria)

siUToundiug the cavity (and itself covered by the thin buccal mucous

membrane), Avhich gradually becomes more and more attenuated as the

papilla increases in size. The pulp-substance, or contents of the mem-

hrana propria, remains for some period in a fluid or semifluid condition
;

granules are ultimately developed in it, which at first fioat loosely, or in

small aggregated groups, in the sanguineo-serous contents of the pulp.

These granules soon attach themselves to the inner surface of the mem-

hrana propria, if they be not originally developed from that surface.

The whole of the contents of the growing pulp becomes soon after con-

densed by the numerous additional granules which are rapidly deve-

loped in it after it has become permeated by the capillary vessels and

nerves. The particles become arranged into linear series or fibres—an

appearance which is first aj)parent at the superficies of the pulp, to which

the fibres are vertical. At this period ossification commences in the

dense and smooth memhrana propria of the pulp, and is thence con-

tinued centripetally in the course of the above-mentioned lines towards

the base of the pulp. Lastly, around the capillaries of the piilp the

granules become condensed into concentric layers, which then form the

walls of minute tubes, visible on a microscopic examination of the sub-

stance of the tooth.

(1780.) In some genera, as Balistes and CJirysopJirys, an enamel-pulp

is developed from the inner surface of the capsule which surrounds the

bonc-pTilp ; and by this organ the surface of the teeth of such fishes is

coated with enamel in a manner to be described more at large hereafter.

(1781.) In most osseous fishes, in addition to the lips (which, even

when fleshy, being destitute of proper muscles, would be unable to

retain food in the mouth), there is generally, behind the front teeth in

each jaw, a valve formed by a fold of the lining membrane of the mouth,

and directed backwards, so as efficiently to prevent the aliment, and more
especially the water swallowed for the purpose of respiration, escaping

again from the oral orifice*.

(1782.) Fishes have no salivary glands, as saliva to them would be

entirely useless : their oesophagus (fig. 465, g ; fig. 475, d) is capacious

and, from the circumstance of their having neither neck nor thorax,

extremely short ; so that the food when seized is conveyed at once into

the stomach.

(1783.) The stomach itself is generally a wide cul-de-sac (fig. 465, h),

the shape and proportionate size of which vary of course in different

species. Its walls are most frequently thin, and the lining membrane
gathered into large longitudinal folds (fig. 475, e), so as to admit of con-

* Cuvier et Valenciennes, Histoiro Natiirelle dos Poissons, p. 367.



G94 PISCES.

siderable distention ; but occasionally, as for example in the Mullets, its

muscular walls are so thick that it might almost deserve the name of

gizzard ; and in such fishes its power of crushing the food is no doubt

considerable.

(1784.) The intestinal canal in the osseous fishes is a simple tube

(fig, 465, i), folded in sundry gyrations proportioned to its length; but

Fig. 465.

///////////////////////////

Plan of the general arrangement of the viscera in a Fish : a, brain ; 6, cavity of the mouth

;

d, branchial fissures; ^, cesophagus ; h, stomach; ii, intestine; k, anus; I, liver; c gaU-

bladder ; «, n, pyloric cseca ;
m, pancreas ; e, kidney ; /, ureter ; o, heart ; p, swimming-bladder

;

g, ovary or roe; r, termination of oviduct; s, termination of ureter.

in the cartilaginous famiUes, such as the Sharks, the Eays, and the

Sturgeons, it presents internally a very remarkable arrangement, evi-

dently intended to increase the extent of surface over which the digested

aliment may be spread, for the purpose of absorbing its nutritive por-

tions. In these tribes a spiral valve (fig. 475, Ti) winds in close turns

from the pyloric to the anal extremity of the capacious intestine
;

so

that, although externally the intestine appears short in proportion to

the size of the animal, its mucous lining is exceedingly extensive.

(1785.) In addition to the biliary secretion which we have met with

in the lower animals, another system of chylopoietic glands for the first

time makes its appearance in the class before us, from which a fluid

termed the pancreatic is poured into the intestine. In the osseous fishes

this viscus presents the simplest condition of a gland, consisting of

simple cceca (fig. 465, n w)—sometimes, as in the Perch, only three m

number, at others, as for instance in the Salmonidce, extremely nume-

rous. From these appendages a glairy fluid, resembling sahva m com-
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position, is abundantly secreted, and becomes mixed with the bile im-

mediately upon its entrance into the intestine.

(1786.) In the cartilaginous fishes, such as Sharks and Hays, the

pancreas exhibits a more perfect development, and already presents the

appearance of a conglomerate gland (fig. 475, /), from which the pan-

creatic fluid is conveyed into the intestine through a common duct.

(1787.) The liver of fishes is proportionally very large, and generally

contains abundance of oil. The bile derived from it is received into a

gall-bladder (fig. 465, c), from which a duct of variable length iu different

species conveys it into the intestine, in the immediate vicinity of the

pylorus.

(1788.) It is in these animals that we for the first time find the

biliary secretion separated from venous blood ; and consequently they are

provided with a new arrangement of the blood-vessels of the abdomen,

which they possess in common with the other Vertebrata, forming what

is termed by anatomists the system of the vena portce. The veins de-

rived from the stomach, the intestines, and the spleen, which last viscus

now makes its appearance, instead of conveying their contents to the

heart, plunge into the substance of the liver and there again subdivide

into capillary tubes, thus furnishing to the liver abundance of venous

blood, from which the hepatic secretion is elaborated.

(1789.) The spleen, now for the first time met with in the animal

creation, is a highly vascular organ, generally enclosed in the mesentery

between two folds of the intestine (fig. 465, m), and evidently, in position,

presenting no precise relations with the stomach. It receives a large

supply of arterial blood, which becomes converted into venous as it

circulates through this organ, and in that state is transmitted to the

liver through portal system of veins.

(1790.) Another important addition to the animal economy, peculiar

to the Vertebrate division of animals, is the lymphatic or absorbent

system of vessels, which in Eishes are abundantly distributed through the

body, and ramify like a rich network over the walls of the intestine.

These j)our the materials absorbed from the body, and the products of

digestion, into the principal venous trunks, to be mixed up with the

circulating blood *.

(1791.) The circulation of the blood in Fishes is carried on by the

assistance of a heart composed of two cavities only, which receives the

vitiated blood after it has circulated through the system, and propels it

through the branchiae, where it is exposed to the influence of the oxygen

contained in the surrounding medium. After being thus purified, the

blood is collected from the respiratory organs by the radicles of the

* For a detailed account of the lymphatic system of Fishes, the reader is referred

to the following authors:—Monro, 'Anat. and Physiol, of Fishes,' fol.
; Hewson,

Phil. Trans. 1769; Fohniann, 'Histoire generalo des Lymphatiques des Vert6br6s,'

fol., Heidelberg and Leipzig, 1827.
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branchial veins ; and these latter vessels, by their union, form the aorta.

There is, therefore, no systemic heart in Fishes, the aorta itself serving to

propel tlie slow-moving blood in its course through the arterial system.

(1792.) The heart (fig. 465, o) is enclosed in a pericardium, and situ-

ated between the pharyngeal bones and branchial apparatus, the cavity

in which it is lodged being separated from the peritoneum by a kind of

tendinous diaphragm, and also by a capacious sinus, in which the venous

blood derived from all parts of the body is collected preparatory to its

admission into the heart.

(1793.) The auricle of the heart (fig. 46G, b, h) is contained within

A Fig. 466. B

A. Heart of LopUua piscatorius. B. Ordinary structure of a Fish's heart. In both drawings,

a, represents the vena cava; 6, the auricle ; c, the venti-icle ; </, the bulbous arteriosus ; and

e, the valvular apparatus guarding its conunencement.

the pericardium : it varies greatly in form in different fishes ; but its

capacity is generally considerably greater than that of the ventricle ;
and

its walls are thin, but, nevertheless, present distinct fleshy columns.

(1794.) The blood derived from the great sinus before mentioned

enters the posterior part of the auricle of the heart by a large orifice,

which is guarded by two membranous valves so disposed as to prevent

the reflux of the blood during the contraction of the auricular chamber.

The ventricle is strong and fleshy ; and at its communication with the

auricle there is a strong mitral valve. The commencement of the

branchial artery (fig. 466, A, d) is so muscular and capacious that it

might almost be regarded as forming a second ventricular chamber

:

this portion, which has been distinguished by the name of the hilb

(bulbus arteriosus), is separated from the ventricle by strong valves ;
and

in the cartilaginous fishes, as, for instance, in the Shark, there are several

rows of semilunar valves (fig. 466, b, e) so disposed as most efficiently

to prevent the blood from being driven back again into the ventricle.

In the heart of Loj>hius (fig. 466, a), the conformation of the cavities is
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very peculiar : the auricle (b) is large and pyriform, and the ventricle

(c) of a globular shape. But the most singular feature in its structure is

the valve between the ventricle and the bulb (d) : this is a soft fleshy

protuberance (e), perforated in the centre, wliich projects into the cavity

of the bulb, and allows the blood to pass freely in one direction ; but the

sides of the canal collapse, and close the orifice, if the blood is forced

back from the bulb towards the ventricle.

(1795.) Issuing from the pericardium, the branchial artery runs be-

neath the centre of the branchial apparatus, dividing into as many trunlcs

as there are branchial arches, to each of which a vessel is given off.

(1796.) To each branchial arch are attached a great number of vas-

cular lameUfe placed parallel to each other, like the teeth of a comb.

The branchial artery, which runs in a groove situated upon the con-

vexity of the corresponding arch, sends off a twig to every one of these

laminae ; and this vessel, after twice bifurcating, divides into an infinite

number of little ramuscules, which run across both surfaces of the bran-

chial fringe, and terminate by becoming converted into capillary veins.

(1797.) The radicles of the branchial veins all open into a venous canal

which runs along the internal margin of each lamella, and these last

terminate in a great vein of the corresponding branchial arch, which

runs in the same groove as the artery, but is more deeply situated, and

moreover rims in the opposite direction : that is to say, the branchial

artery, derived from the heart, and coming from the ventral aspect

of the body, diminishes in size as it mounts towards the back, and gives

olf twigs to the branchial fi inge ; whereas the branchial vein, on the

contrary, receiving blood from the lamellae of the branchia, increases in

diameter as it approaches the dorsal region.

(1798.) On leaving the gills, the branchial veins assume the appear-

ance and perform the function of arteries. The anterior, even before

escaping from the branchial arch, gives off ramifications to different

parts of the head ; and the heart and parts adjacent likewise receive

their supply of arterial blood from a branchial vein.

(1799.) The veins derived from all the branchial arches ultimately

unite and form the aorta, which evidently corresponds to the aorta of

Mammalia, although it has neither auricle nor ventricle at its com-
mencement.

(1800.) The aorta, while in the abdomen, runs beneath the spine, and
gives arteries to the viscera in the usual manner ; but at the commence-
ment of the tail it becomes enclosed in the inferior vertebral arches, by
which it is defended to its termination.

(1801.) There is yet another set of organs, which, as we ascend from
inferior to higher forms of animal life, we encounter for the first time in

the class before us—an apparatus for elaborating the urinary secretion,

which is peculiar to the Vertebrate classes.

(1802.) The kidneys in Fishes are very voluminous : thoy arc situated
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on each side of the mesial lino, immediately beneath the bodies of the

vertobrcD, and extend along the whole length of the abdomen, not un-

frequently reaching to the base of the skull, where their anterior por-

tion (fig. 465, e) lies above the branchial apparatus. The ureters (fig.

465, /) generally terminate in a kind of bladder-Hke dilatation, the ori-

fice of which is found behind that of the vulva (s).

(1803.) Examined minutely, the substance of the kidney is found to

be entirely composed of microscopic tubules, which terminate in the

ureters : these uriniferous tubes are variously contorted, but of equable

diameter throughout ; and they end, towards the periphery of the kidney,

in blind extremities.

(1804.) The skin of these aquatic animals is perpetually lubricated

by an abundant mucous secretion furnished by muciparous follicles, or

secreted in long tubular organs placed beneath the skin. In the Skate

the vessels last mentioned are remarkably large, and their distribution

very extensive.

(1805.) The brain of an adult fish occupies but a smaU portion of

the cranial cavity,—the space between the pia mater, which invests the

brain, and the dura mater, which lines the skull, being occupied by a

loose cellular tissue filled with fluid : there is consequently no serous or

arachnoid cavity, such as exists in Man. It has been remarked that the

interval between the cranium and the brain is considerably less in youug

Fig. 467.

Brain and cerebral nerves of the Perch (after Cuvier) : a, the cerebellmn
; 6, cerebrum

;

c olfactory canelia ; i, bulbous commencement of the olfactory nerve ;
o o, olfactory nerve, ter-

minating in the nasal capsule ; „, optic nerve; p, q, third, fourth and sixth pairs of nervos

nppropi^atcd, as in Man, to the muscles of the eyeball; a ophthalmic brnneh of th. ah

pair : p, superior maxillary branch of ditto ; 8, inferior max.llary branch of ditto
; M;

'

branch
; f, branch of the fifth pair, moimting npv ards to join 0, a branch from f'^'f

'

running to supply the dorsal region of the body ; s s, auditory nerve \t,t, nerves belonging to

the eighth pair; r, nerves answering to the spinal recurrent.
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than in mature fishes—a fact which sufficiently proves that in them the

brain does not grow in the same proportion as the rest of the body ;
and,

indeed, the size of the brain is nearly equal in individuals of the same

species, even although the body of one be twice as large as that of the

other*.

(1806.) In these, the lowest forms of Yertebrata, the brain consists

of several masses placed one behind the other, either in pairs or singly ;

these masses, in fact, may be regarded as so many distinct ganglia, the

complexity and perfection of which we must expect to become gradually

increased as we proceed upwards towards mammiferous quadrupeds.

(1807.) The anterior pair of ganglia (figs. 467, c ; 468 ; 470, a)

invariably give origin to the olfactory nerves, and consequently may

be justly looked upon as presiding over the sense of smell. These

ganglia are, in fact, the representatives of those masses which in Man
are erroneously called the " olfactory nerves ;" for even in the human

subject, although their real nature is obscured by the enormous develop-

ment of other parts of the encephalon, the so-called nerves are not

nerves at all, but really lobes of the brain from which the true nerves

emanate.

(1808.) The olfactory nerves of Pishes, derived from the lobes alluded

to, vary greatly in composition and proportional size : sometimes they

are quite capillary ; sometimes thick, though still simple
;
occasionally

they are double or triple, and in some cases are composed of numerous

fibres bound up in fasciculi.

(1809.) The organs of smell to which these nerves are destined are

of very simple structure :—-Two

excavations are found near

the anterior part of the snout,

lined with a delicate pituitary

membrane, which is variously

folded, in order to increase the

extent of the sentient surface

(fig. 468) ; and it may be pre-

sumed that, from the number of

plicae, which varies amazingly,

some estimate may be formed of

the relative perfection of the

sense of smell in difi'ercnt genera.

Into each olfactory chamber the

water is freely admitted by two
distinct orifices, while behind

the pituitary membrane the ol-

factory nerve swells out into a

ganglion (fig. 470, i), from which

* Cuv. et Val. ojo, cit.

Fig. 468.

Organ of smell in the Slcnte.
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nervous fibrils radiate, to be distributed over the plicated lining of the

nose {Ic). •

(1810.) The second pair of ganglia met with in the brain of the Fish

(fig. 470, 6) give origin to the optic nerves (2), and may therefore very

properly be regarded as representing the tubercula quadrujemhui of the

mammiferous brain. The nerves of vision derived therefrom have no

commissure, and present in many species a peculiar structure which is

not a little remarkable, each nerve being composed of a broad band of

nervous substance, folded up lilce a fan, and enclosed in a dense mem-

brane, so that when unfolded it presents the appearance deUneated at

fig. 469, A.

(1811.) The eye itself differs in many points of structure from that of

terrestrial Vertebrata, its organization being of course adapted to bring

the rays of light to a focus upon the retina in the denser element in

which the fish resides ; the power of the crystalline lens is therefore

increased to the utmost extent, and the antero-posterior diameter of the

eyeball necessarily contracted in the same ratio, in order that the retina

may be placed exactly in the extremely short focus of the powerful lens.

(1812.) The eyes of all the Yertebrata are constructed upon princi-

ples essentially similar, and present the same tunics and lenses as are

met with in the human eye, and, generally speaking, arranged in the

same manner as in Man. It is not our intention, therefore, in the fol-

lowing pages minutely to describe the anatomy of the eye in every class

which wiU come under our notice ; but taking the human eye, with the

construction of which we presume our readers to bo intimately acquainted,

as a standard of comparison, point out those modifications of the general

type of structiu-e common to this division of animated nature.

(1813.) The first thing which strikes the attention of the anatomist,

when examining the eye of a fish, is the size of the crystaUine lens, and

its spherical form. This shape, and the extreme density of texture

which the lens exhibits, are, indeed, perfectly indispensable. The

aqueous humour, being nearly of the same density as the external ele-

ment, would have no power in deflecting the rays of light towards a

focus' and consequently the aqueous fluid in fishes is barely suflicient m
quantity to allow the free suspension of the iris : the vitreous humour,

for the same reason, would be scarcely more efficient than the aqueous

in changing the course of rays entering the eye, and hence the necessity

for that extraordinary magnifying power conferred upon the lens._

(1814 ) But the focus of the crystalline wiU be short m proportion as

its power is increased : every arrangement has therefore been made to

approximate the retina to the posterior surface of the lens
:
the eycbaU

is flattened, by diminishing the relative quantity of the vitreous humour ;

and a section of the eye (fig. 469, B, c) shows that its shape is very tar

from that of a perfect sphere. This flattened form could not, however,

have been maintained in fishes, had not special provision been made lor
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the purpose in the construction of the sclerotic ; the outer tunic of the

eye, therefore, generally contains two cartilaginous plates imbedded in

its tissue, which are sufficiently firm in their texture to prevent any

alteration in the shape of the eyeball ; and in some of the large fishes

the sclerotic is actually converted into a cup of bone presenting orifices

at the opposed extremities—one for the insertion of the transparent

cornea, the other for the admission of the optic nerve,

(1815.) The vitreous humour and crystalline lens in many fishes arc

kept in situ by a ligament placed for the purpose. This is a delicate fal-

ciform membrane derived from the retina (fig. 469, b,c), which plunges

B Fig. 469. C

A
structure of the eye in Pishes.

into the vitreous humour, and, being continued along the internal con-

cavity of the eye, is fixed to the capsule of the lens. In some fishes, as

the Salmon, this ligament is of a dark colour ; and in the Conger there

are two such bands, by which the crystalline is suspended as by its

opposite poles.

(1816.) Another peculiarity in the structure of the visual apparatus

of osseous fishes is the existence of a vascular organ placed at the back
of the eyeball, and interposed between the choroid tunic and a brilliant

metallic-coloured membrane which invests the choroid externally. This

organ, generally called the "choroid gland" by the older anatomists

(fig. 469, A, g g), is of a crescentic form, and always of a deep red colour.

It is principally made up of blood-vessels, which run parallel to each

other ; and from it issue other vessels, frequently very tortuous, and
always much ramified, which form a vascular network in the choroid.

The nature of this organ it is not very easy to determine. Some have
believed it to be muscular ; but the striae perceptible in it are vascular,

and not fibrous : others have thought it to be glandular ; but it has no ex-
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crotory duct. Most probably it is an erectile tissue analogous to that of

the corpus cavernosum, and has some influence in accommodating the

form of the eye to distances, or to the density of the surrounding

medium*.

(1817.) The pupil of the eye in the animals we are describing is very

large, so as to take in as much light as possible, but generally motion-

less. In some genera the shape of the aperture is curious : thus in the

Eays a broad palmate veil hangs in front of the pupillary aperture ;
and

in one case, the AnaUeps, there are two pupils to each eye.

(1818.) The eyes of osseous fishes are lodged in the bony orbits of

the face, imbedded in a soft glaii-y cellulosity ; but in many of the car-

tilaginous tribes, such as the Sharks and Eays, each eyeball is moveably

articulated to the extremity of a cartilaginous pedicle fixed to the bottom

of the orbital cavity (figs. 470, i, & 469, c).

(1819.) Six muscles serve to turn the eye in different directions:

Fig. 470.

Erain and cerebral nerves of the Skate : a, olfactory ganglion ; 6. c, cerebrum; rf, oe^ebeUiun

:

SuuTsi'nS",, the eyebaU; f,itB cartilaginous pedicle; ^r. olfactory sac; 1. d.stnbubon

of the olfactory nerve.

namely :-four recti, arising, as in Man, from the margin of the optic

foramen ; and two oblique muscles, derived from the anterior part of the

* Cut. et Val. op. cit. p. 338. )
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orbit, and inserted transversely into the globe. These muscles are well

represented in fig. 470, wherein the i-eader will observe that the superior

oblique does not pass through a pulley, as is the case in the human subject.

(1820.) It is extremely remarkable that even in fishes the muscles

of the eye have special nerves appropriated to them, and those precisely

the same as in the highest Mammalia. The third pair of nerves

animates them all, except the external rectus and the superior oblique,

and also sends off filaments to be distributed to the choroid, although no

ophthalmic ganglion has yet been discovered. The fourth pair is ex-

clusively appropriated to the superior oblique ; and the external rectus,

or abductor muscle, invariably receives its supply from the sixth pair.

(1821.) To animals whose eyes are constantly washed by the water
in which they live, any lacrymal apparatus would obviously be super-

fluous ; and consequently, in the class before us, neither lacrymal gland

nor lacrymal puncta, nor even eyelids, properly so called,, are ever

met with.

(1822.) Behind the optic lobes of a fish's brain the ganglia from
which the other cerebral nerves emanate become confused into one mass,

so that they are no longer distinguishable from each other. The nerves

themselves, however, are easily recognized, and, with the exception of the

ninth pair (the lingual or hypoglossal nerves), which are not met with
in fishes, both in their distribution and number precisely accord with
those with which the human anatomist is familiar. We have already
traced the third, fourth, and sixth paii-s to the muscles of the eye. The
fifth issues through the great ala of the sphenoid, and divides, as in Man,
into :—an ophthalmic branch (fig. 467, a), which runs through the orbit
to be distributed to the parts about the nose ; a superior maxillary
branch (/3), that supplies the parts about the upper jaw ; and an in-
ferior maxillary branch (0), destined to the lower jaw : the general
distribution of the nerve, as far as regards the face, is in fact exactly
similar to that of the same nerve in Man ; but in fishes it is found to
give off other branches not met with in the human subject, one of which
(/.t) is destined to the operculum. Another (^) takes a very remarkable
course

; it mounts up to the top of the skull, joins a large branch of the
eighth pair (G), and, issuing from the cranium through a hole in the
parietal and interparietal bones, passes along the whole length of the
back on each side of the dorsal fin, receiving twigs from all the inter-
costal nerves, and supplying the muscles of the fin and the fin-rays
themselves.

(1823.) This branch is superficial until it reaches the little muscles
that move the fin. It has sometimes other branches equally superficial,
which descend to the anterior parts of the muscles of the trunk above
the pectoral fins, and others which run as far as the anal fin, where
they form a longitudinal nerve similar to that of the back.

(1824.) The seventh pair of cerebral nerves (fig. 467, s s), in fishes
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as in all other Vertobrata, is devoted to the organ of hearing and brings

to the sensorium the impressions of sound.

(1825.) The sense of hearing in these creatures must necessarily be

very imperfect: they have neither an external ear nor a tympanic

cavity, and consequently are entirely destitute of a memhrana tympani

and of the ossicles of hearing
;
they have neither Eustachian tube nor

fenestra ovalis ; the labyrinth alone, and that more simple in its com-

position than the labyrinth of the human ear, is all that the anatomist

meets with in this first appearance of an auditory apparatus among the

Vertebrate classes.

(1826.) The accompanying figure (fig. 471) represents the ear of a

very large fish, the Lophius piscatorius ; and the student will have little

difficulty in at once recognizing all the parts of which it consists. The

soft parts of this simple ear are not enclosed in bony canals, as in the

human subject, but the membranous labyrinth is lodged in a wide

Fig. 471.

Auditory apparatus of the Lophius.

cavity on each side of the cranium ; so that Httle dissection is necessary

to expose the entire organ, which is surrounded on aU sides with the

same kind of oily or mucilaginous fluid which fiUs up the wide inter-

space that exists between the brain and the dura mater lining the inner

surface of the skull.
. .

(1827 ) As in all other Yertebrata, there are three semicu'cular

canals, disposed nearly as in the human ear, and each dilated in hke

manner into an ampulla which receives the filaments of the acoustic

nerve Two of the semicircular canals coalesce before they open into

the vestibule, so that there are only five orifices whereby the three semi-

circular canals communicate with the vestibular cavity

(1828 ) The membranous vestibule (supported m the figui-e by two

pins) is of variable shape, and its walls are very delicate. Its ^.a^^^y,

as well as the interior of the semicircular canals, is filled with a trans-
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parent glairy fluid ; and it moreover encloses certain hard bodies (oto-

liths), generally three in number, suspended by delicate filaments in its

interior.

(1829.) The otoliths of osseous fishes are of stony hardness, resem-

bling shell, and their structure is nothing at all like that of bone.

(1830.) Their shape varies in difierent species, but, nevertheless, is

so constantly the same in fishes of the same kind, that the forms of

these pieces might be employed as an important zoological character.

(1831.) In the cartilaginous fishes the otoliths are quite soft, resem-
bling starch : in both classes they are composed principally of chalk,

and effervesce strongly when dissolved in acids.

(1832.) The auditory nerve gives a filament to each of the semicir-

cular canals, vrhich penetrates into the ampuUa of the canal to which, it

is destined, and there spreads out ; but the larger portion of the nerve
is distributed over the vestibular sacculus, where it forms a beautiful

network.

(1833.) There is no cochlea, although some writers imagine that they

can distinguish a rudiment of this part of the ear in a shght projection

from the waUs of the vestibule.

(1834.) The ears of fishes, therefore, are much less perfect than those

of other Yertebrata* : deprived of tympanum, of ossicles, and of Eusta-
chian tube, they can scarcely receive the impressions produced by the

vibrations of the ambient element, except by those vibrations being
communicated through the cranium

; and, moreover, the membranous
labyrinth not being enclosed in bone, the skull can only transmit these

movements in a very feeble and imperfect manner. The absence of a
cochlea would go far to prove that the ear of fishes cannot appreciate
the differences of tones. All that it ofifers to the physiologist is a mem-
branous apparatus endowed with great sensibility, in which the nervous
filaments distributed in the ampullae of the semicircular canals must
necessarily partake of aU the movements of the fluid in which they are
plunged, and where those appropriated to the vestibule must be still

more strongly agitated by the shocks that these movements give to the
otoliths contained in its cavities.

(1835.) It is probable, therefore, that fishes hear, that noise pro-
duces in them a powerful sensation, but that they cannot distinguish or
appreciate differences of tone as the higher animals are enabled to do.

(1836.) The nerves composing the eighth pair preside over the same
functions in all the Yertebrata. The rjlosso-pharyngeal sends twigs to
the first branchial arch, the fauces, and the tongue. The nervus vagus
(fig. 467, t) supplies the three posterior branchia3 and the lower part
of the pharynx; it is then continued along the oesophagus to the
stomach, where it terminates : it thus presides over the same functions
in all the Yertebrate classes ; and it is not a little interesting to see it

* Cut. et Val. op. cit. p. 347.
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even in fishes distributed to the organs of respiration, notwithstanding

the peculiarity of their structure and position. In these creatures, how-

ever, it likewise furnishes nerves to other parts of the body, especially

a long branch, which, generally runs in the substance of the lateral

muscles of the trunk, communicating with the spinal nerves and giving

off filaments to the skin—an arrangement the physiology of which is not

as yet u,nderstood. The next pair of cerebral nerves in the animals

under consideration would seem to represent the spinal recurrent of the

human subject; it supplies the swimming-bladder and the muscles of

the shoulder.

(1837.) All the above nerves posterior to the optic arise from a chain

of ganglia constituting the medulla oblongata ; but above these are

situated other important masses entering into the composition of the

encephalon, from which no nerves take their origin, viz. the cerebral

hemispheres and the cerebellum.

(1838.) The cerebral hemispheres in all the Vertebrata are undoubt-

edly the seat of the mental powers ; and as this portion of the brain

becomes developed and perfected, brutality and stupidity give place to

sagacity and intelligence.

(1839.) In the higher quadrupeds, and more especially in Man, the

proportionate size of the hemispheres of the brain is so enormous that

they overlap and conceal all the parts we have been describing ;
but as

we descend to lower forms their relative dimensions become gradually

smaller, and their structure less complicated, until in fishes, the least

intelligent of all the creatures belonging to this great division of the

animal kingdom, they are found in such a rudimentary condition that

they are frequently far inferior in size even to the olfactory or optic

ganglia (fig. 470, c).

(1840.) The lobes representing the hemispheres in fishes (fig. 472, 6)

are quite smooth externaUy, and within are hoUowed to a large ven-

tricle, in the floor of which is seen the upper surface of the optic

ganglia (fig. 472, b, d). They present none of that complication of

parts met with in the brains of higher orders : their inner surface is

lined with transverse fibres (7i) ; and a simple commissure passes across

the anterior part of the ventricle, bringing the two sides into communi-

cation with each other ; behind the commissure a passage leads to the

third ventricle, the infundibulum, and the pituitary gland.

(1841 ) The cerebellum (fig. 472, a) is at once recognizable from its

position and singleness. In the Perch its form is that of a blunted cone,

with the summit directed sHghtly backward ; but the shape and relative

dimensions of this part of the brain are extremly variable. It consists,

in fishes, only of the central portion {processus vermiformis), so that

there are neither lateral lobes nor pons Varolii : its surface is composed

of cineritious substance ; and in its centre is a ramified medullary axis

containing a ventricle.
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(1842.) One very remarkable feature in the structure of the ence-

phalon of fishes is the existence of supplementary lobes (fig. 472, g),

placed behind the cerebellum, which are sometimes united by a com-

missure : occasionally, as in Trigla, there are as many as five pairs of

such supplementary masses ; but probably, instead of regarding these

as belonging to the brain, it would be more proper to consider them to

be merely the fii-st ganglia composing the spinal cord, enormously de-

veloped in proportion to the importance of the nerves which they give

off" to the pectoral fins.

(1843.) The spinal nerves of fishes arise by double roots from the

Fig. 472.

ABC
Brain of the Perch (after Cuvier) : a, cerebellum ; 6, cerebrum ; c, olfactory ganglia

;

t, olfactory nerves ; d, optic ganglia ; g, supplementary lobe ; h, transverse fibres in the

walls of the cerebral ventricle ; n, commissure of the optic nerves ; p, q, r, s, t, u, the

third, fourth, fifth, sixth, seventh, and eighth pairs of cerebral nerves.

sides of the medulla sjnnalis, which generally extends from one end of

the canal formed by the superior vertebral arches to the other. The

posterior roots are dilated into ganglia soon after their origin ; but the

ganglia are extremely minute. The spinal cord of the Moon-fish

{OrtTiagoriscus molci), however, is an exception to the usual conforma-

tion : in this remarkable fish the spinal ganglia are all collected into a

stunted mass placed immediately behind the brain ; and from this all

the spinal nerves are given off, in the same manner as those forming the

Cauda equina in the human subject.

(1844.) The sympathetic system in the creatures we are now exa-

mining is of very small size when compared with that met with in the

higher Yertebrata ; nevertheless it occupies the usual position, and com-
municates, as in Man, with the commencements of the spinal nerves.

(1845.) There are few subjects more calculated to arrest the attention

of the physiologist than the progressive development of the generative

system in the Vertebrate classes ; and it is not a little interesting to

watch the gradual appearance of additional organs, both in the male and
female, as we advance upwards in the series of animated beings from

2 z 2
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the cold-blooded and apathetic fishes. In its simplest condition, the

whole generative apparatus, even of a vertebrate animal, is in both sexes

merely a capacious gland provided with an excretory duct, wherein, in

the female, ova are secreted, and in the male a fecundating fluid is ela-

borated from the blood. The eggs of the female, when mature, are ex-

pelled from the nidus in which they were formed, and cast out into the

surrounding water. The male, xirged apparently rather by the necessity

of getting rid of a troublesome burden than by any other feeling, ejects

the seminal secretion in the same manner ; and the fecundating fluid,

becoming diffused through the waves, vivifies the eggs with which it is

casuaUy brought into contact. Such is the whole process of reproduc-

tion in the osseouis fishes.

(1846.) In the females of such fishes, the ovary, or roe, as it is gene-

raUy called, consists of a wide membranous bag, ordinarily divided into

two lobes, but sometimes, as in the Perch, single (fig. 465, q). This

extensive organ, when distended with ova, fills a large proportion of

the abdominal cavity; and its lining membrane is folded into broad

festoons, wherein the ova are formed, and lodged until sufficiently mature

for expulsion. When ripe, the eggs escape into the cavity of the ovary,

and are expelled in countless thousands into the surrounding element

through the orifice of the ovarian sac (fig. 465, r), which is situated im-

mediately behind the anus (7c) and in front of the urinary canal (s).

(1847.) Generally, as has been already stated, the ova of fishes are

fecundated after their expulsion ; but there are a few instances, as for

example the Viviparous Blenny (Zoarcus viviparus) of our own shores,

in which the young are hatched in the ovary, and grow to a consider-

able size before they are born : in such cases impregnation must take

place internaUy ; and the males in these species have, in fact, a nipple-

like prolongation of the orifice of the duct through which the semen

escapes, probably for the purpose of introducing the seminal flmd into

the interior of the ovary of the females. Nevertheless even m these

the ovaria present the same structure as in ordinary fishes—the only

diiference being that their eggs are retained until the embryo is far ad-

vanced in its development, instead of being prematurely extruded.

(1848.) The testicle in the males of osseous fishes, generally named

" the milt," equals in bulk the ovary of the other sex ;
and the quantity

of the secretion furnished by it must be exceedingly great. The entire

or-an is composed of slender and very delicate convoluted ceeca,m which

the semen is elaborated. These tubes towards the oiiWerence of the

testis all terminate in blind extremities; but by their opposite ends they

communicate with the general excretory duct, so that by blowing air

into the latter the entire organ becomes amazingly distended, l^some

cases the seminiferous tubules run paraUel to each other, and beconie

furcate as they approach the exterior of the testis :
m others, after di-

viding and subdividing to some extent as they diverge from the common
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Fig. 473.

duct, they become converted into innumerable anastomosing ramifica-

tions ; so that the whole substance of the testis appears to be made up

of reticulate tubes, which during the spawning-season, when they are

filled with the creamy fluid that they secrete, are visible even to the

naked eye*.

(1849.) It will be observed by the anatomical reader, that while in

the Osseous Fishes the ova escape

into the interior of the ovary, and are

expelled through an excretory orifice

resembling the duct of an ordinary

gland, in the C^iRTiLAGiNous Fishes

and in all other Vertebkata the germs

burst from the ext&rior of the ovarium,

where they are generally seized by Fal-

lopian tubes, and either conveyed out

of the body as eggs, or, being hatched

internally, the offspring are nourished

in receptacles provided for the purpose,

until they arrive at a considerably

advanced state of development.

(1850.) But it is only by degrees that

these more perfect ovigerous organs

make their appearance ; and we would

particularly solicit the attention of the

student to the different gradations of

structure met with in this part of the

animal economy.

(1851.) In the Eel and the Lamprey

we have the first appearance of an ovary

such as is common in the higher Ver-

tebrata. It consists of a very exten-

sive vascular membrane covered by the

peritoneum, and attached in broad folds

beneath the spine, extending nearly

from one end of the abdomen to the

other (fig. 473). This viscus is not

hollow, neither has it any excretory

duct ; so that naturalists were long at a

loss to explain how the ova of these creatures we're expelled.

(1852.) The extensive membrane above alluded to, as is now sufli-

ciently well determined, produces in its substance the germs of the
future progeny ; and these, as they become mature, break loose from the
nidus .wherein they were generated in the interior of the peritoneal
cavity of the Eel, and float loosely in the abdomen. There is no Fal-

* Miiller, De Glandularum Structuril penitiori. Lipsitc, fol. 1830.

Reproductive organs of the Lamprey
{Fetromyzon marinus).
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lopian tube as yet developed ; but two simple orifices, placed on each

side of the anal opening, serve to give exit to the countless eggs, which

thus escape into the surrounding water.

(1853.) The male organs of the Lamprey and Eel, together with the

ovaria of the female, and the kidneys and ureters, were accurately de-

scribed by Hunter in the Catalogue of his Collection ; and their form

and structure are illustrated by the preparations and drawings still pre-

served in the College of Surgeons *
; but in such fishes the testis of the

male so exactly resembles the female ovary, that it was imagined even

by Sir E. Home that no males existed, or that the females were them-

selves hermaphrodite. According to Kathkef, however, the testes of

the male are composed of solid granules, precisely like the female ova
;

and the secretion derived from them is in like manner allowed to escape

into the abdomen, from which

it is expelled through similar Fig. 474.

openings in the peritoneum.

(1854.) In the Sharks and

Eays we meet with a very im-

portant addition to the female

sexual apparatus, namely, an

oviduct, by which the germ is

seized on its escape from the

ovarium, and furnished with the

additional covering necessary

in such fishes for the security

of the foetus.

(1855.) In these genera the

folds of the ovarian membrane

become less extensively spread

out, and, from the size of the

yelks of the eggs formed therein,

the organ assumes a racemose

appearance. The ovaries now

form two large bunches placed

on each side of the spine ; and

the ova when mature would necessarily escape into the abdominal

cavity, as those of the Lamprey and Eel do, were they not seized by the

patulous orifices of the two long and membranous oviducts whereby they

are conveyed out of the body.

(1856.) There is, moreover, in the Chokdboptektgian Fishes, a

necessity for defending the young, during the earlier stages of their

growth, by means which it would have been quite foreign to the pur-

poses of Nature to have adopted in the other division of this extensive

* Seo Physiological Catalogue, Tol. iv. pp. 48, 129, pis. 59 & 60.

t Neueste Scbriften dor naturforscbeiidon Gesellschaft zu Danzig, llalle, lO-'i.

Egg of the Shark.
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class. The earth is peopled only at its surface, and the vegetable ban-

quet there spread is abundantly sufficient for the support of terrestrial

beings. The ocean, however, being densely populated at every assign-

able depth, could never have suppHed vegetable food to any thing like

the extent required to satisfy her progeny ; hence therefore the necessity

for that astonishing fertility so remarkable in the osseous fishes. Nine

millions of ova have been calculated to be spawned at a birth by a single

Cod-fish : such spawn, being naked and unprotected, is eagerly devoured

by thousands of hungry mouths, or the feeble young soon fall a prey to

countless voracious persecutors. If, however, it was obviously requisite

that the progeny of osseous fishes should be thus multitudinous in order

to provide a sufficiency of needful food, it is equally clear that it would

have been incompatible with the design of the Creator that the ravenous

Sharks should be endowed with equal fecundity : their eggs are conse-

quently few in number ;
and, in proportion to their scarcity, jealous

precaution must be taken to ensure the safety of the included young,

in order to prevent the complete extinction of the race.

(1857.) The means employed for this end are simple and beautiful.

About the middle of the oviduct of the female there is a thick glandular

mass, destined to secrete a horny shell, in which the yelk and white of

the egg become encased. The egg when complete has somewhat the

shape of a pUlow-case, with the four corners lengthened out into long

tendril-like cords (fig. 474), whereby the egg is entangled amongst the

seaweed at the bottom of the ocean. A brittle egg-shell would soon be

destroyed by the beating of the waves ; hence the necessity for the

corneous nature of the envelope : and yet, how is the feeble embryo to

escape from such a tough and leather-like cradle ? This likewise has

been provided for: the egg remains permanently open at one extremity;

or, to carry out our humble simile, one end of the pillow-case is left

unsewn; the slightest pressure from within, therefore, separates the

valvular lip of the opening ; and no sooner has the little Shark thus

extricated itself from its confinement than the two sides close again so

accurately that the fissure is not at all perceptible *.

(1858.) The sexual organs of the male Chondropterygii are very re-

markable, and their real character is not properly understood. The

testicle (fig. 475, n) is large, and occupies the same position as the

ovary of the female ; but the singularity of this testis consists in its

being made up of two portions, one of which has an excretory duct,

while the other, although equally bulky, has none.

(1859.) The former portion, when minutely examined, is found to be

composed of an immense assemblage of flexuous secerning vessels, that

pour their secretion into a long and tortuous vas deferens (o), which, after

* According to Cuvior, in those Sharks which are viviparous (that is, whose young

are hatched in the oviduct prior to their expulsion) this egg-shell is never formed,

and the investments of the foetus remain permanently membranous {loc. cit. p. 397).
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running in a zigzag course nearly the whole length of the abdomen, dilatew

into a capacious reservoir of semen (j)), and ultimately terminates with

Fig. 475.

Viscera of the Shark, in situ : a, the heart ; 6, gill-openings ; c. e, c, lobes of the In er .

d, e,f, K alimentary canal; i, appendage to the intestine
; ,9,

biliary ^nct; «, the testis,

0, p, vas deferens; Tc, intromittent organ ; s, openings communicating witli tlie periton

ca-vity ; I, claspers.
_

its feUow of the opposite side in a conical fleshy organ (/.•), which may be

presumed to answer the purpose of an intromittent apparatus.
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(1860.) The second portion of the testis appears to consist of globular

bodies having no excretory duct whatever ; and it is not impossible that

this is an organ analogous to the testis of the Lamprey, and that its

secretion escapes into the abdominal cavity, to be expelled through two

orifices (s) situated one on each side of the anus, whereby a free commu-

nication exists between the interior of the peritoneal sac and the external

siurface of the body.

(1861.) In these highly organized genera impregnation takes place

internally, and the male is furnished with two strong prehensile organs

called daspers (Z), by means of which he seizes and securely holds the

female during copulation.

CHAPTER XXVI.

EEPTILIA.

(1862.) The globe that we inhabit is usually said to be made up of

land and water ; and perhaps, for the purposes of the geographer, such a

division of the surface of our planet is all that is requisite. A slight in-

vestigation of the subject, however, is sufiicient to convince the naturalist

that a very considerable proportion of the world around us can scarcely

be strictly referred to either one or the other of the geographical

sections alluded to—that there are extensive marshes, for instance,

equally ill-adapted to be the habitation of aquatic animals and of crea-

tures organized for a purely terrestrial existence—that some localities

may be alternately deluged with water and parched with drought—that

the margins of our lakes, the banks of our rivers, and the shallow ponds

and streamlets of warm climates could only be adequately populated by
beings of an amphibious character, aKke capable of living in an aquatic

or in an aerial medium, and combining in their structure the conditions

necessary for enabling them to reside in either element.

(1863.) Aquatic animals, strictly so called, breathe by means of gills.

For a vertebrate animal to respire air, it must be provided with lungs
;

but if a creature is destined to live both in air and water, it must ob-

viously have both gills and lungs coexistent, either of which may be

employed, in conformity with the changing necessities and altered cir-

cumstances. We therefore cannot be surprised to find that in the

lowest Keptiles this is literally the arrangement adopted—that they

respire, like fishes, by means of branchiae while in the water, whereas
on emerging into the air they have lungs ready for use.

(1864.) The Amphibia (Batrachia, Cuv.) are to the anatomist amongst
the most interesting animals in the whole range of zoology, as we trust
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will bo made sufficiently evident when wo come to invcBtigato their in-

ternal economy ; but it ia to their outward forms and habits that we must

first introduce the reader, leaving the details of their organization to be

discussed in the sequel.

(1865.) From whatever form or race of animals the zoologist advances

towards the next succeeding it in the great scale of Nature, he will find

himself insensibly led on by such gentle gradations that the transition

from any one class to another is almost imperceptible. Nihil j>er saltum

is one of the most obvious laws in creation ; and of this, perhaps, we

could not select a more striking illustration than is afforded by the Lejpi-

dosiren (fig. 476).

(1866.) Two distinct species of this most remarkable animal have

been met with—one, the Lepidosiren paradooca, discovered by Dr. Nat-

terer in thie river Amazon ; the other, Lexyidosiren annectens, was found

by T. C. B. "Weir, Esq., and is a native of the African continent, inhabit-

ing the river Gambia. An individual of the species last mentioned has

been minutely anatomized by Professor Owen*, and both in its outward

form and internal organization is so precisely intermediate between a

Eeptile and a Fish, that, while Dr. batterer regards it as an Amphibian,

Professor Owen considers that, notwithstanding that it possesses lungs,

the ichthyic characters predominate and it ought rather to be ranked

among the Fishes.

(1867.) The body of the Lepidosiren annectens (fig. 476) is about

Lepidosiren annectens.

a foot long; and covered with scales, resembling those of the cycloid

fishes ; the taU gradually tapers to a point, but is fringed above and

below with a membranous fin supported by numerous soft, elastic, trans-

parent rays, articulated to the superior and inferior spines of the caudal

vertebra : the gills are covered by opercula-not being exposed as m

the proper Amphibia; and, moreover, it has four rudimentary fins or

legsf as the reader may choose to call them. These rudimental extre-

mities are round, filiform, and gradually attenuated to an undivided

p^t being supported internally by a single-jointed soft or car i^gin^^^

iay. ThenostrUs of the Lepidosiren, however, are merely two bhnd

saL, as in fishes, and do not communicate with the
^^^^^^^^^

a character which Professor Owen regards as the only decided om

* Transactions of fcho Linnean Society for 1840.
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dence that the animal ought in preference to be ranked among the class

Pisces.

(1868.) The Siren lacertina, a creature which inhabits the marshes of

CaroHna, is another amphibious animal, scarcely further removed from

the Fishes than the last. This Siren attains the length of two or three

feet ; it has a body very nearly resembling that of an eel ; but instead

of pectoral fins it has two rudimentary feet, each provided with four

fingers,—its hind feet, the representatives of the ventral fins, being

entirely wanting ; it is moreover furnished with gills placed on each

side of the neck, while internally it possesses two capacious membra-

nous lungs adapted to aerial respiration.

(1869.) In the Proteus anguinus, an animal only met with in the

subterranean water of Carniola, the body, of which a figure is given

in a subsequent page (fig. 488), is equally anguHliform ; but the legs

are now four in number, although still very imperfectly developed. Its

giUs are fringes of blood-vessels placed externally upon the sides of the

neck; and its thin and delicate lungs (t, z) extend nearly the whole length

of the abdomen.

(1870.) The Amphibia above-mentioned, as well as the Menobmnchus

and the Axolotl, both animals of very similar construction, preserve

their branchiae through the whole period of their lives, and are for this

reason denominated Amphibia perennibranchiata. But there are other

genera which, although in the early part of their existence they are

equally provided with both gUls and lungs, ultimately become sufii-

ciently perfect in their organization to enable them to enjoy a more

or less complete terrestrial existence ; and consequently their brauchias

become obliterated as the lungs grow more efficient, until at length no

vestiges of the former remain perceptible. These are called A. cucluci-

branchiata.

(1871.) The most remarkable examples of the Cadxtcibeanchiate

Amphibia are the Progs, the Toads, and the Newts, so common in our

own country ; and the metamorphosis of these creatures from the tad-

jjole- or fish-condition under which they leave the egg, to their perfect

air-breathing and four-footed state, is a matter of common observation.

"We select the Newt (Triton cristatus) as an example of the changes

which these amphibians undergo as they advance towards maturity.

(1872.) Immediately before leaving the egg, the tadpole of the Sala-

mander, or Water-Newt (fig. 477, a), presents both the outward form

and internal structure of a fish. The flattened and vertical tail fringed

with a broad dorsal and anal fin, the shape of the body, and the gills

appended to the sides of the neck are all apparent; so that, were the

creature to preserve this form throughout its life, the naturalist would

scarcely hesitate in classing it with fishes properly so called.

(1873.) When first hatched (fig. 477, b)*, it presents the same fisli-

* Vide Rusconi, Amours des Salamandres aquatiqnes, et Devcloppement du Tetard
de ces Salamandres depuis Toeuf jnsqu'a I'animal parfait. 4lo. Milan, 1821.
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like body, and rows itself through the water by the lateral movements

of the cuudal fin. The only appearance of legs as yet visible consists

in two minute tubercles, which seem to be sprouting out from the skin

immediately behind the branchial tufts, and which are, in fact, the first

buddings of anterior extremities. jSTcverthcless, to compensate to a

Fig. 477. A

C

Lurvffi of Triton. A. Condition before leaving the egg. B. Tadpole shortly after it is

hatched. C. Tadpole about twelve days old.

certain extent for this total want of those prehensile limbs which after-

wards become developed, two supermimerar>' organs are provisionally

furnished, in the shape of two minute claspers, seen in the figure, situ-

ated on each side of the mouth
;
by means of these the little being

holds on to the subaquatic leaves, and thus prevents itself from being

washed away by the slightest current.

(1874.) Twelve days after issuing from the egg, the two fore legs,

which at first resembled two little nipples, have become much elongated,

and are divided at their extremity into two or three rudiments of fingers

(fig. 477, c). The eyes, which were before scarcely visible, and covered

by a membrane, distinctly appear. The branchiaj, at first simple, are

divided into fringes, wherein red blood now circulates ;
the mouth has

grown very large ; and the whole body is so transparent as to reveal the

position of the viscera within. Its activity is likewise much increased

;

it swims with rapidity, and darts upon minute aquatic insects, which it

seizes and devours.

(1875.) About the twenty-second day (fig. 478, d) the Tadpole, for

the first time, begins to emit air from its mouth, showing that the

lungs have begun to be developed. The branchiee are still large. Tlic

fingers upon the fore legs are completely formed; the hind legs begin

to sprout beneath the skin ; and the creature presents, in a transitory

condition, the same external form as that which the Siren lacertma

permanently exhibits.

(187G.) By the thirty-sixth day the young Salamander (fig. 4/8, k)



DEVELOPMENT OF TRITON. 717

has arrived at the development of the Proteus anguinus ;
its hind legs

are nearly completed, its lungs have become half as long as the trunk

of its body, and its branchite more complicated in strncture.

(1877.) At about the forty-second day the Tadpole begins to assume

the form of an adult Triton (fig. 478, p) : the whole body becomes

shorter ; the fringes of the branchiae are rapidly obliterated, so that in

five days they are reduced to simple prominences covered by the skin of

the head ; and the gill-openings at the sides of the neck, which, as in

fishes, allowed the water to escape from the mouth, and were in like

manner covered with an operculum formed by a fold of the integument,

are gradually closed ; the membranous fin of the tail contracts, the skin

becomes thicker and more deeply coloured, and the creature ultimately

assumes the form and habits of the perfect Newt, no longer possessing

branchiae at all, but breathing air, and in every particular completely

converted into a reptile.

Fig. 478.

Larvee of Triton. D. Condition of Tadpole at about the twenty-second day. E. The same
at about the thirty-sixth day. F. The same at about the forty-second day.

(1878.) But however curious the phenomena attending the deve-

lopment of the tadpoles of the amphibious Reptiles may be to the

observer who merely watches the changes perceptible from day to day in

their external form, they acquire a tenfold interest to the physiologist,

who traces the progressive evolution of their internal viscera—more
especially when he finds that in these creatures he has an opportunity

afforded him of contemplating (displayed before his eyes, as it were,

upon an enlarged scale) those phases of development through which
the embryo of every air-breathing vertebrate animal must pass while

concealed within the egg. The division, therefore, of Reptiles into such
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as undergo a metamorpliosis, and sucli as do not, is by no means philo-

sophical, although convenient to tho zoologist : aU reptiles undergo a

metamorphosis, though not to the same extent. In the Perennibran-

cniATA the change from the aquatic to the air-breathing animal is never

fuUy completed ; in the Caditcibeanohiata the change is accomplished

after the embryo has escaped from the ovum ; and in the Eepthia

proper, as well as in Birds and Mammals, which are generally said to

undergo no metamorphosis, the changes referred to are accomplished

in ovo during the earliest periods of the formation of the foetus.

(1879.) The second order of Eeptiles (Ophidia) includes the Serpent

tribes, animals entirely deprived of external locomotive extremities, and

nevertheless endowed vsdth attributes at once formidable and suri)rising.

Absolutely without limbs or any apparent means of progression, the

scale-clad serpent makes its way in either element with equal facility,

and walks or leaps, or climbs or swims, at will. Destitute of any pre-

hensile members, it seizes and devours the strongest and most active

prey : it binds its victim in a living rope ;
or, with a single scratch in-

flicted by its venomed fangs, speedily destroys the stoutest assailant.

(1880.) The transition from the Ophidia to the Lizards (Satjria),

composing the third order of Eeptiles, is very gradually accomplished

by several intermediate forms, in which the first buddings of legs make

their appearance ; and these locomotive organs, becoming more and more

completely developed in other genera, at length conduct us from the

flexible and apodous Serpents to the strong and four-footed Eeptiles

which are the types of the Saurian division. The progressive develop-

ment of the locomotive extremities is not a little curious : even among

some of the Serpents properly so caUed, as, for example, in the Aiiguis

fragilis of our own country, the rudiments of these limbs may be de-

tected beneath the skin ; more especiaUy those of the hinder extremity,

wherein a Httle pelvis and femur may be distintly recognized, while a

minute sternum, clavicle, and scapula indicate the first appearance of

the thoracic legs.

(1881.) In Bimanes, the lowest of the Saurian genera, two httle feet,

each provided with four toes, are appended to the framework of the

shoulder ; and in Seps, which equally possesses the body of a serpent,

aU four extremities first make their appearance externaUy. As the legs

become increased in their relative size and importance, the trunk is pro-

portionately shortened and its flexibility diminished, until at length we

are conducted, almost by imperceptible gradations, to the strong and

voracious Crocodiles, the most perfect of the Eeptile families.

(1882.) The fourth order of Eeptiles (Cheloi^ia) comprises a series

of animals of most anomalous conformation, in which the greater part

of the skeleton is brought quite to the exterior of the body, and ttie

limbs are absolutelv enclosed within the cavity formed by the ribs.

Such are tho Tortoises and the Turtles; but as we shall describe tne
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Fig. 479.

anatomy of these animals more at length hereafter, we need only in

this place point out to the reader their outward form and general

appearance.

(1883.) Commencing our researches concerning the internal organiza-

tion of this extensive class by examining the osteology of the Eeptilia,

we shall, as we have hitherto done,

select one skeleton for special examina-

tion, and afterwards, taking that as a

standard of comparison, observe the most

conspicuous modifications of structure

met with in the different divisions of

this important group.

(1884.) The skeleton we choose for

particular description is that of the Cro-

codile, one of the most interesting that

can possibly be offered to the contempla-

tion of the comparative anatomist, inas-

much as it exhibits, developed to a me-

dium extent, a greater number of the

elements which we have supposed to

enter into the composition of a perfect

or typical skeleton than any other with

which we are acquainted : we therefore

beg the attention of the student while

we investigate this important piece of

osteology.

(1885.) A glance at the skeleton of

the Crocodile (fig. 479) at once shows us

that, in consequence of the addition of a

thorax, and the connexion which now
necessarily exists between the pelvis and

the spine, the vertebral column becomes

divisible into distinct regions, viz. :—the

cervical, containing seven vertebrae ; the

dorsal, formed by those vertebrae which

support the thoracic ribs ; and the lum-

bar vertebrae, intervening between these

and the sacrum. The number of bones

entering into the composition of the

sacrum, that is, which are connected

with the ossa ilii of the pelvis, are in

this case two in number
; while, behind

these, six-and-thirty vertebrae enter into the composition of the tail.

(1886.) In the cervical, dorsal, lumbar, and sacral regions, no in-

ferior spinous processes exist ; but in the caudal portion of the vertebral

a
o
s

ID
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columu these elements are found greatly developed, as in fishes, and

obviously with the same intention, namely to increase as much as possible

the vertical extent of the tail, and thus convert this part of the body,

which is here of extraordinary length and great flexibility, into a power-

ful instrument of propulsion.

(1887.) The transverse processes of the cervical vertebrae are remark-

ably large, and so extended that they materially interfere with the

lateral movements of the neck,—an arrangement evidently designed to

afford a sufficient extent of insertion for the powerful muscles of the

cervical region.

(1888.) The thorax is composed of a sternum and two sets of ribs,

—

one set being articulated with the transverse processes of the dorsal

vertebra, and hence called dorsal ribs, whQe the others, being fixed to

the sides of the sternum, are named sternal ribs : the contiguous ex-

tremities of the dorsal and sternal ribs are, moreover, united by inter-

vening cartilages, which, as they are generally more or less perfectly

ossified in the adult Crocodile, might almost be regarded as additional

elements of the thorax.

(1889.) The posterior dorsal ribs are far less perfectly developed than

those situated more anteriorly; and it is not a little interesting to

observe how gradually, even in the same skeleton, the transition is

effected from the simple condition already noticed in the'ribs of fishes,

in which each rib is merely appended to the extremity of the transverse

process of a vertebra, to ribs perfectly adapted to enter into the com-

position of a true thoracic cavity, and united by a double articulation

both to the transverse processes and the bodies of the vertebrae. The

head of the last rib of the Crocodile is, in fact, simple, and merely

articulated with the apex of the transverse process of the corresponding

vertebra ; the next is slightly bifid at its origin, but both the divisions

are still connected with the transverse process ; as we advance still

further forwards, the division of the origin of the rib becomes more and

more decided, until at length, at about the fifth rib, we have two

distinct heads, one firmly articulated to the body of the vertebra,^ the

other to the transverse process—presenting an arrangement precisely

similar to that met with in the structure of the thorax of a bird.

(1890.) The sternal apparatus is not less interesting to the osteo-

logist. The anterior extremity of the sternum is osseous, and consider-

ably prolonged forwards, to be articulated to the clavicles, and thus

afford a support to the anterior extremity. Behind this it becomes

cartilaginous, and affords attachment to the sternal ribs, which enter

into the composition of the thorax : it does not, however, terminate at

the posterior margin of the thoracic cavity, but is continued along the

mesial line of the abdomen quite to the pubis, and gives off eight abdo-

minal sternal ribs, to which no dorsal correspondents are met with

These abdominal ribs serve to support the muscles of the abdomen, and
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here present their mcuvimum of development : rudiments of them are,

however, still met with in the higher animals ; and oven in the human

subject we find, in the transverse tendinous bands which intersect the

substance of the rectus muscle of the abdomen, the last remains of these

appendages to the sternal portion of the skeleton.

(1891.) In the anterior extremity of the Crocodile we have most of

the parts enumerated as entering into the composition of a perfect or

typical skeleton : the shoulder, however, is composed of only two pieces,

the scapula and the clavicle, the last of which articulates with the

sternum ; the bones of the arm, forearm, and hand are completely

developed.

(1892.) The posterior extremities are fully formed, the pelvis being

connected by means of the ossa ilii to the transverse processes of two

vertebrae, which therefore, as we have seen, constitute the sacrum.

(1893.) In examining the bones which enter into the composition of

the head of the Crocodile, or indeed of most Reptiles, the anatomist finds

Pig. 480.

Skull of the Crocodile.

his studies much facilitated by the circumstance that the sutures sepa-

rating the individual bones never become obliterated, so that the ele-

ments? of this portion of their skeleton remain permanently detached

and separate ; and for this reason we shall take the present opportunity

of going a little into detail concerning the composition of the skull of

3a
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the Crocodile, as it is well calculated to illustrate the real structure of

the cranium in the Vertebrata generally.

(1804.) The bones belonging to the face are easily recognized : the

intermaxillary (n), the maxillary (is), and the nasal (20), the zygo-

matic ih), and the lacrymal (c), all occupy their usual relative positions.

The roof of the mouth is formed, as in Man, anteriorly by an elongated

process of the upper jaw (is), and* posteriorly by the palate-bone (22).

(1895.) The frontal consists of five pieces, viz. the principal

frontal (1), which probably, in the foetus, consisted of two lateral halves,

the anterior frontal (2, 2) and i^ie posterior frontal (4, 4).

(1896.) The parietal (7) is, as is generally the case in EeptUes,

represented by a single bone.

(1897.) The occipital consists of four pieces, which remain per-

manently detached—namely, the basilar (5), the two lateral occipital (10),

and the superior occipital, placed above the foramen magnum.

(1898.) The sphenoid, which in Man is regarded as a single bone, is

here represented by several distinct parts. The body is divided into two

portions (e), called respectively the anterior and the posterior sphenoids.

The great or temporal aloi (11) are also separate bones, as also are the

internal pterygoids (25).

(1899.) A bone (24), which is not met with either in Mammalia or

Birds, passes from the internal pterygoid to the point of junction be-

tween the zygomatic, the maxillary, and posterior frontal: this has

been named by Cuvier the transverse hone.

(1900.) The ethmoid and the vomer (le) are but very imperfectly

ossified, so that in the skeleton the septum between the nostrils^ is

extremely incomplete ; and the sense of smell is, of course, proportio-

nately obtuse.

(1901.) But the most interesting of the cranial bones is the temporal,

which, although considered one bone by the human osteologist, is in

Eeptiles evidently composed of at least four distinct and separate parts.

These are :—1st, the petrous hone (fig. 480, A, e), which partially encloses

the organ of hearing ;
2ndly, the tympanic hone (a), which supports the

membrana tympani; 3rdly, the mastoid hone (12), which is the homo-

logue of the mastoid process of Man ; and 4thly, the temporal hone,

properly so called (23), which represents the squamous portion of the

human temporal bone.

(1902.) Each lateral division of the inferior maxiUa of Keptiles is

separable into at least five, and generally six, pieces, which are united

to-ether by suture ; these are named the dental (34), which supports the

teeth, the angular (36), the opercular (37), the articular (35), and two

small pieces seen upon the inner surface of the jaw. _
(1903 ) Having thus described at some length the composition ot tne

skeleton in the Crocodile, which we have chosen for minute analysis as

being the type of the Saurian Reptiles, we shall now proceed to
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examine the osteology of the other orders, so as to appreciate more

correctly the pecuKarities of structure that they individually exhibit.

(1904.) In the Amphibia, as for example in the Frog, one of the

most striking circumstances connected with their history is the extra-

ordinaiy change which takes place in the condition of every part of the

framework of the body during the evolution of the tadpole and its

metamorphosis into the perfect frog.

(1905.) The skeleton of a Tadpole is, in every particular, that of a

fish : its texture is soft and cartilaginous, the caudal portion of the spine

prolonged and flexible

:

neither are there any

external limbs connect-

ed with the vertebral

column, so as to tram-

mel the lateral move-

ments of the tail ; and

yet in the mature Frog

(fig. 481) let the reader

observe the amazing dif-

ference. The head, it

is true, still preserves

somewhat of the charac-

ter of that of the fish,

especially in the dispro-

portionate development

of the face when corn-

Fig. 481.

Skeleton of the Frog.

pared with the size of the cranial cavity ; but all the bones of the

spine have become consolidated into ten vertebrae, firmly connected

together by strong articulations, while the flexible tail of the tadpole

has become converted into a strong and immoveable os coccygis, com-
posed of a single piece.

(1906.) No ribs whatever are met with in the Frog ; and even in

those Amphibia which are possessed of these elements of the skeleton,

they are mere rudiments appended to the extremities of the transverse

processes of the vertebrae. The sternum, however, is largely developed,

and gives extensive attachment to the muscles of the abdomen. The
anterior extremities are supported by a semicartilaginous zone, in

which the three elements of the shoulder (the scapula, the clavicle, and
the coracoid bone) are distinctly recognizable ; and the bones of the

arm, forearm, and hand are very perfectly formed.

(1907.) The ;pelvis is large and firmly ossified, in correspondence with
the strength and magnitude of the hinder extremity, the ossa ilii being

articulated to the ends of the transverse processes of the last vertebra,

which from this circumstance may be caUed the sacrum. The tibia and
fibula are consolidated into one bone ; while two of the bones of the

3 a2



724 REPTILTA.

tarsus (the astragalus and the os calcis) are so excessively elongated

that they might almost be taken for a second tibia and fibula, did not

their position indicate their real nature.

(1908.) One circumstance is remarkable in the construction of the

shoulder-joint of these reptiles, which are found to have a strong liga-

ment passing between the head of the humerus and the scapula, exactly

in the same manner as the Ugamentum teres of the human hip-joint. The

use of such a deviation from the ordinary structure of the articulation

is obvious : the Frog, as it alights from those long and vigorous leaps

which form its ordinary mode of progression, receives the whole shock

of its fall upon its fore legs, and thus this ligament becomes needful as

an additional security to the articulation in question.

(1909 ) The skeleton of an Ophidian Eeptile presents a strange con-

trast to "that of the Batrachian last described. Taking the Boa con-

strictor as an example of this order, we find the spine of this enormous

serpent composed of three hnndred and four distinct vertebrae, of which

two hundred and fifty-two support ribs : flexibility is therefore abun-

dantly provided for in the construction of these lithe and elegant beings,

inasmuch as the division of their spinal column into so many pieces

rig. 482.

Vertebrse and Eibs of Boa.

allows the ntmost pliancy in any required direction. Flexibility, how-

ever is not the only condition requisite in this case
;
strength and pre-

dsion of movement are equally indispensable : and the question is, how

are these apparently opposite qualities to be so combined and associated

as not in the slightest degree to interfere with each other? The

"e'hanism conspicuous in the construction of the spme of a Serpent is

Tntfs respect trlly admirable. The anteriore« of th«

every vertebra is rounded into a smooth and polished ball (fig. 482,

rSlxactly fits into a hemispherical cup excavated m the substance

v^rSa next preceding ; a perfect ball and-socket jomt . thus

f Z^ between every vertebra and that which precedes or foUows it

,

L offers at the same time a firm purchase to the muscles ac^ug

^pl'the vertebral column. To provide, ^^owever agains nndue^

^^^^^^

o) motion in certain directions, we ^^-T 7 LT^y^rLe\Y as

rived from the vertebral arches, in addition to those given merely
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levers for the attachment of muscles : secondary apophyses, called oUique

or articulating processes, become developed ; and contiguous vertebra?

being Hkewise moveably connected together, by means of these append-

ages unnecessaiy flexiu-e is not aUowed, and all danger of dislocation is

prevented.

(1910.) Serpents, being entirely deprived of external limbs, have

neither shoulder nor pelvis, their ribs alone affording them the means of

progression. These extend on each side in an uninterrupted series from

the fii-st vetrebra behind the head to the origin of the tail, so that the

division of the spine into regions is here out of the question. Every rib

is attached at its origin by a kind of ball-and-socket joint (fig. 482, a, b),

to the extremity of the corresponding transverse process of a vertebra,

and is therefore freely moveable. There is no sternum here
;
neither

are there sternal ribs ; but the dorsal ribs, wielded as they are by innu-

merable and powerful muscles connected with them, literally perform

the office of internal legs, and materiaUy assist the creature in pro-

gression.

(1911.) Having already enumerated the bones which enter into the

composition of the cranium of a Saurian Eeptile, it would be super-

fluous again to mention in detaU those met with in the skull of a Ser-

pent, more especially as they wiU be easily recognized by a glance at the

annexed figure, in which the corresponding bones are aU indicated by

SkuU of Boa.

the same references. One peculiarity only requires special notice, namely

the extreme mobility of the principal bones of the face, and more par-

ticularly of the pieces composing the lower jaw, by which provision these

reptiles are enabled to swallow entire animals of astonishingly large di-

mensions when compared with the size of their mouth.

(1912.) In order ta allow of this, the bones composing the superior

maxilla (fig. 483, n, is), are only loosely joined together by ligamentous
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bands, and even the arches of the palate are moveable. The two halves

of the lower jaw (34, 3<i) are connected together at the Byrajihysis by a
ligament so loose and elastic that separation to a great extent is easily

allowed ;
and, moreover, those two elements of the temporal, the mastoid

(12) and the tympanic (a), which form the bond of connexion between
the inferior maxilla and the cranium are here lengthened out into long

pedicles, so that by their mobility the entrance to the throat can be

dilated in a surprising manner, and prey of apparently very dispropor-

tionate bulk thus introduced into the stomach.

(1913.) The most extraordinary skeleton met with among Reptiles,

and, indeed, among the Yertebrata generally, is that of the Chelouta, in

which the ribs and sternum are both placed quite at the exterior of the

body, so as to form a broad dorsal shield (called the carapace) and an

equally strong ventral plate (named the ^9Za.s<ron), between which the

limbs and the head can be more or less completely retracted.

(1914.) Yet notwithstanding this apparent total inversion of the

osseous system in the creatures before us, it is interesting to observe by

what slight modifications in the arrangement of the elements of the

skeleton such prodigious changes are accomplished. This is well exem-

plified in the construction of the carapax of the common Tortoise (Emys

europcea). In this well-known animal (fig. 484) the vertebrae of the

neck and of the tail present nothing particularly remarkable in their

structure, but, being connected together in the ordiuary manner, the

neck and caudal region of the spine present their usual flexibility. The

dorsal vertebrte, however, are strangely distorted, the elements of the

upper arch being disproportionately developed, while the bodies remain

almost in a rudimentary condition. The superior spinous processes of

these vertebrsB are flattened and converted into broad osseous plates,

which form a longitudinal series along the centre of the back, and are

connected together by sutures resembling those of the human cranium.

The ribs are changed into broad flat bones, firmly united by suture to

each other and also to the lateral margins of the spinous processes of

the vertebrae, so that they all form, as it were, a single broad plate : the

heads of the ribs are very feebly developed, and the intervals between

them and the bodies of the vertebrae filled up with ligament. The

margin of the shield thus formed by the dorsal ribs is further enlarged

by a third set of flat bones, apparently representing the sternal ribs of

the Crocodile, fixed by suture around the whole circumference of the

carapax, which they assist in completing.

(1915.) The plastron, or sternum, is made up of nine pieces, which

have been proved by M. Geoffrey St.-Hilaire to be the elements of this

portion of the skeleton in the most complete state of development in

which they are met with. Of these nine elements, eight are disposed

in pairs ; but the ninth, which is always placed between the four pieces

composing the two anterior pairs, is single, and occupies the mesial



OSTEOLOGY OF THE TORTOISE. 727

line. In birds we shall afterwards find this element of the sternum

performing a very important office. .

(1916.) The bones of the shoulder and of the hip, in the Tortoise

(fig. 484), are absolutely placed -within the thorax, and articulated to

Fig. 484.

Skeleton of Tortoise.

the sides of the vertebral column. The precise homology of the scapular

apparatus has not been as yet decidedly pointed out ; there are, how-

ever, three branches, probably representing the scapula, the clavicle, and

the coracoid bone : but in the construction of the pelvis, the ilium, the

ischium, and the 2«<&is are identified with facility.

("1917.) The muscular movements of Reptiles are ordinarily slow and

languid, a circumstance which no doubt depends upon the impurity of

their blood, consequent on the imperfect manner in which the circulating
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fluid is exposed to tlie iiifiuonces of respiration. The muscles of these

animals, however, are peculiarly tenacious of life, and preserve their

irritability and power of contraction for an astonishing length of time

after they have even been separated from the body. The muscles of a

Turtle will continue to live for days after the creature has been decapi-

tated; and the heart will still contract, when irritated, even many

hours after its removal.

(1918.) But perhaps the most interesting phenomenon connected with

the muscular system of the Eeptilia is the progressive development of

entirely different sets of muscles as the metamorphosis goes on by which

they are converted from their earliest, fish-condition, to their mature and

perfect state. This series of changes, which doubtless takes place in aU

the higher Vertebrata, is well exemplified in the tadpole of the Frog or

Toad ; and the different phases of development are in such creatures

easily investigated. At first the Tadpole presents the muscular structure

of a fish, both in the muscles of the expanded and vertical tail and in

those of the branchial apparatus. As growth proceeds, the broad

muscles of the abdomen become developed ; and ultimately those of the

limbs are superadded as those members successively make their appear-

ance, the muscles of the shoulder and pelvic region being first recog-

nizable, and subsequently those of the legs and feet. In the meantime,

as the abdominal muscles and those of the extremities become gradu-

ally perfected, those peculiar to the fish-state are rapidly removed : the

broad tail becomes atrophied and absorbed, diminishing in length nearly

at the rate of a line a day ; the flaky lateral muscles of the caudal

region disappear altogether
;
and, moreover, the entire muscular ai^pa-

ratus of the branchial and hyoid systems is altered as the character of

the respiratory organs becomes changed (in a manner to be exjplained

hereafter) from the aquatic to the aerial condition.

(1919.) As Eeptiles, for the most part, must from necessity swallow

their prey entire, organs of taste would be scarcely more useful to them

than to the fishes described in the last chapter ; and we are therefore

not at all surprised to find the tongue in almost every family appro-

priated to a totally different use, and not unfrequently converted into an

apparatus of prehension, whereby the food is seized and conveyed into

the mouth.

(1920.) In the Batrachoid Amphibia, for instance, we have a remark-

able example of this provision. The Frog and the Toad, notwithstand-

ing their slow and clumsy movements, are destined to feed upon insects,

and consequently must be provided with some instrument by which such

active prey may be caught. The organ provided for this purpose is tlie

tongue, which, by a slight modification in its structure, becomes changed

into a prehensile forceps admirably adapted to such an office. The

tongue of the Frog, instead of presenting the usual arrangement, is

found to be fixed to the symphysis of the lower jaw, and folded back
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upon itself, so that its point, which is free and bifid, is lodged in the

throat. Thus provided, the Frog is enabled to seize its victnn with the

greatest ease. No sooner does a fly approach sufficiently near, than this

Hving forceps is rapidly everted ; and the insect, being seized by its

furcate extremity, is as speedily brought between the jaws of its de-

stroyer. The teeth of the Batrachia very much resemble those ot the

generality of fishes, being simple points soldered to the surface of the

jaws, but not implanted in sockets—sufficient to give a secure hold ot

their food, but quite unadapted to mastication.

(1921.) The Chameleon is another curious example of a reptile obliged

to employ its tongue in securing insect prey. The Chameleon is arboreal

in' its habits ; its feet, cleft as it were into two portions, firmly grasp the

boughs upon which it climbs ; while its weU-known power of changing

the colour of its skin, so as to imitate that of the branches around it,

efficiently conceals it from observation. The tongue of this creature,

when extended, is as long as its whole body, and is terminated by a club-

shaped extremity smeared over with a viscid secretion : when an insect

comes within a distance of five or six inches from the Chameleon, the

end of this tongue is first slowly protruded to the distance of about an

inch, and then, with the rapidity of Ughtning, launched out with un-

erring aim ; the fly, glued to its extremity, is with equal velocity con-

veyed into the mouth.

(1922.) The jaws of the Chelonian Eeptiles are not armed with

teeth, but cased in horny coverings, so as to resemble the beak of a

bird, with which they crop the vegetable aliment upon which they

generally subsist.

(1923.) Serpents, as regards their means of destroying prey, may

be divided into two great groups—the first including those which are

not venomous, the second embracing such as are armed with poison-

teeth.

(1924.) In the non-venomous Serpents, as for example in the Boa

constrictor, the upper jaws and the palate-bones are all lined with sharp

teeth, so that there are four rows of dental organs, two placed along the

margins of the maxilla, and two projecting from the roof of the mouth

:

all these teeth are simple, very sharp, and point backwards. Each divi-

sion of the lower jaw is likewise armed with a single row, which are

also directed towards the back of the mouth. It must be evident, from

a mere inspection of these teeth, that they can be of little use in hold-

ing, much less in destroying, such strong and large animals as the Boa

devours ; and upon a little consideration we shall find that they are in-

tended for a very different office. These serpents kill their victims by

coiling their lengthy bodies round the chest, and then, by strong mus-

cular contraction, compressing the thorax of their prey so firmly that,

its movements being completely prevented, respiration is put a stop to,

and the animal so seized speedily perishes from suff'ocation. But, having
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succeeded in extinguisliing life, the most difficult task still remains to

be accomplished : how is the serpent, utterly destitute as it is of all ex-

ternal limbs, to force down its throat the carcass of a creature many

times tliicker than its own body ? The mode adopted is as follows.

Once more winding itself around the slain animal, it commences at the

head, which by main force it thrusts into its mouth ; the clastic ligament

at the symphysis of its lower jaw gives way, and the branches of the

inferior maxiUa become widely separated, so that the mouth is stretched

enormously as the food is thus forced into it. Deglutition is here a very

lengthy and laborious process; and were there not some special con-

trivance to guard against such an accident, so sooner were the efforts of

the snake relaxed in the slightest degree than the muscles of the throat

and jaws, being in a state of extreme tension, would force out of the

mouth what had already been partially swallowed. To provide against

this, the teeth are in this case converted into a sort of valve : pointing

backwards, as they all do, they permit the bulky food to pass into the

fauces ; but at the same time their sharp points, being directed towards

the throat, efficiently prevent it from being pushed back again in the

opposite direction*.

Fig. 48;!.

Structure of the poison-teeth of the Eattlesnalce : 6, poison-gland enclosed in its capsule

;

c, duct conveying its secretion to the root of the poison-fang; a, poison-fangs ; d, slip de-

rived from the temporal muscle, which compresses the poison-gland; e, central aponeurosis

;

s, sldn covering the gums.

(] 925.) In the venomous serpents, those teeth which are fixed to the

margin of the superior maxillary bone of the innoxious genera are gene-

rally deficient ; and instead of them there is found an apparatus of

poison-fangs, constituting perhaps the most terrible weapons of attack

met with in the animal creation. The poison-teeth (fig. 485, «) are two

* In the collection of Professor Bell there is a small snake which, haying bj mis-

hap attempted to swallow a mouse of too large size, and being quite unable, in con-

sequence of the mechanism referred to, to disgorge it, was found dead, and the skm

and muscles of its neck absolutely rent from excessive stretching.
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in number, one fixed to each superior maxiUary bone : when not in use,

they are laid flat upon the roof of the mouth, and covered by a kind of

sheath formed by the mucous membrane of the palate ; but when the

animal is irritated, or about to strike its prey, they are plucked up from

their concealment by muscles inserted into the upper maxillary bone,

and stand out like two long lancets attached to the upper jaw. Each

fang is traversed by a canal—not, as it is generally described, excavated

in the substance of the tooth, but formed by bending, as it vere, the

tooth upon itself, so as to enclose a narrow channel through which the

poison flows. The canal so formed opens towards the base of the tooth

by a large triangular orifice ; but at the opposite extremity it terminates

near the point of the fang by a narrow longitudinal fissure. The gland

wherein the poison is elaborated occupies the greater part of the temporal

fossa, and is enclosed in a white and tendinous capsule (fig. 485, h) ; the

substance of the organ is spongy, and composed of cells communicating

with its excretory duct (c), by which the venom is conveyed to the open-

ing at the base of the fang*. The poison-gland is covered by a strong

process of the temporal muscle (d), which is attached to a thin apo-

neurotic line (e). The greater portion of the fibres of this muscle take

their origin from the capsule of the secreting apparatus, which they

partially envelope ; and then winding round all the posterior part of the

gland, and passing behind the commissure of the lips, the lower part of

the muscle is firmly implanted into the lower jaw very far anterior to

the angle of the mouth. The process of the temporal muscle which thus

surrounds the gland is very thick and strong, so that it is easy to imagine

with what force the poison will by this mechanism be injected into the

wounds inflicted by the fangs, seeing that the same muscles which close

the jaw at the same time compress the bag of venom with proportionate

energy.

(1926.) Behind the large poison-fang in use, the capsule that en-

closes it generally contains the germs of several others, ready to supply

its place should the former be broken off ; and in the event of such an

accident, one of these supplementary teeth soon becomes consolidated

with the superior maxilla, and adapted in all respects to take upon

itself the terrible office of its predecessor.

(1927.) Dreadful as are the means of off'ence thus conferred upon the

poisonous serpents, it is impossible to avoid noticing in this place that

admirable provision of Nature, which, in one genus at least, serves to

give timely warning of the vicinity of such dangerous assailants. We
need merely mention the rattle of the Rattlesnakes (Crotalus)—an

organ the intention of which is so obvious that the most obtuse cannot

contemplate it without at once appreciating the beauty of the con-

trivance. This singular rattle is formed of numerous horny rings that

* Memoire sur les caracteres tires de I'Anatomie pour distinguer les Serpens

venimeux des Serpens non-venimeux
;
par M. Duvernoy (Ann. des Sc. Nafc. xxvi.-).
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are in fact merely modifications of the general sculy covering of the

reptile, so loosely articnlated together that the slightest movement of

their formidable possessor is betrayed by the startling noise produced

by the collision of the different pieces composing the organ : even when

at rest, the creature announces by rapid vibrations of the tail the place

of its concealment, apparently to caution the inadvertent intruder

against too near an approach.

(1928.) In the grand police of Nature, the scavengers are by no

means the least important agents. In hot climates especially, where

putrefaction advances with so much rapidity, were there not efficient

and active officers continually employed in speedily removing all dead

carcasses and carrion, the air would be perpetually contaminated with

pestilential effluvia, and, by the accumulation of putrefying flesh, entire

regions rendered uninhabitable. Perhaps, however, no localities could

be pointed out more obnoxious to such a frightful cause of pestilence

than the banks of the tropical rivers—those gigantic streams which,

pouring their waters from realm to realm, daily roU down towards the

sea the bloated remains of thousands of creatures, which taint the atmo-

sphere by their decomposition.

(1929.) Such are precisely the situations inhabited by Crocodiles and

xilligators, the largest of the Saurian reptiles now in existence, animals

in every way designed by Nature to feed upon putrefying materials.

Their tongue (fig. 486, d) scarcely projects from the lining membrane of

Fig. 486.

Mouth of the Crocodile: d, tongue; e, glands ;
/iniVrior, iind ../

aui.erior v.ihc Bcpurutiug

the cavity of the nioutli from h, the throat,

the mouth ; and its surface (e) is studded with large ghinds :
tlu- \x hole

interior of the mouth is, in fact, from its construction, little adapted to

gustation.
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(1930 ) The Crocodile, nevertheless, likewise kills living prey, which,

from the structure of its teeth, it is obliged to ofFeet by dragging its

victim into the water and there drowning it. This mode of proceed-

ing, however, simple as it might appear, involves many difficulties. As

the reptUe has no other instruments of prehension besides its mouth

and is obliged to hold its struggling prey submersed by the strength ot

its formidable jaws, it is manifest that, without some special con-

trivance, the water rushing into the throat of the Crocodile would pre-

vent it from breathing, quite as effectuaUy as the animal it endeavours

to drown ; it might therefore become a question wMch of the two would

survive immersion longest. The mechanism employed under these

circumstances to give the Crocodile the advantage over its prey is very

complete. A broad cartilaginous plate (fig. 486,/) stands vertically

from the os hyoides, and projects upwards into the back part of the

mouth ; a similar valve (g) hangs down from the back of the palate, so

that the two together form a kind of flood-gate, which, when the mouth

is widely opened, effects a complete partition between the cavity of the

mouth and the fauces, where the aperture of the larynx (h) is situated.

The nostrils, moreover, are placed quite at the extremity of the snout,

and the nasal passages leading from them are prolonged through the

whole length of the upper jaw until they communicate with the fauces,

behind the velum of the palate (g). Such being the arrangement, it is

immediately obvious that, when the communication between the mouth

and the fauces is cut off by means of the two valves (g,f), the Crocodile,

by merely keeping the tip of its snout above the water, breathes with

the utmost facility, and it is thus enabled to keep its prey submerged

for any length of time that may be requisite to extinguish life,

(1931.) The teeth of the Crocodile and of the higher Saurians are

not merely consolidated with the bones of the skull to which they are

appended, but are implanted in sockets formed in the bones composing

the upper and lower jaws. Each tooth is a simple hoUow cone, and

encloses a vascular pulp, from the surface of which the bony matter of

the tooth was formed. When a tooth becomes old and worn, a second

is secreted by the same pulp within the cavity of the first, and the

origiual one is shed, so that a succession of teeth thus make their ap-

pearance.

(1932.) The alimentary canal of Eeptiles offers little that requires

special description. The oesophagus (fig. 491, / /) is generally ex-

tremely capacious, and the stomach of very variable shape and capacity.

The latter viscus is for the most part pyriform, tapering gradually

towards the pylorus ; such is the case in the Chelokia and in the

Bateaohoid Amphibia : in Serpents it resembles a long bowel, and is

capable of extraordinary dilatation ; and in the Perennibeanohiate

Amphibia, as in the Proteus (fig. 488, i) and the Menopoma (fig. 491, ^r),

it looks like a mere dilatation of the intestine.
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(1933.) The stomach of tho Crocodile is remarkable as affording an-

other among the innumerable instances that might be adduced of that

gradual transition everywhere observable as wo i^asti from one class of

animals to that which next succeeds it in the series of creation. The
Crocodile is the connecting link between Eeptiles and Bieds, and in

almost every part of its body it presents a type of structure almost in-

termediate between the two.

(1934.) Tho stomach of this creature (fig. 487) might, in fact, be

Fig. 487.

Stomaoh of the Crocodile : c, oesophagus ; 6, oentral tendon ; a, radiating muscular fibres

;

d, commencement of duodenum ; g, g, biliary ducts ;
t, intestine.

almost mistaken for the gizzard of a rapacious bird. The oesophagus (c)

terminates in a globular receptacle, the walls of which are very mus-

cular ; and the muscular fibres (a) radiate from a central tendon (6)

precisely in the same manner as those of a bird. The pyloric orifice is

closely approximated to the termination of the oesophagus, and the

commencement of the duodenum dilated into a round cavity (d),—an

arrangement which, as we shall see in the next chapter, exactly

resembles that met with in the feathered tribes.

(1935.) In the neighbourhood of the pylorus, the walls of the stomach

in all tlie Eeptilia become perceptibly thickened ; the intestine is

generally short, and usually divided into two portions, representing the

small intestines and the colon, the division between the two being

marked by a prominent valve analogous in function and position to the

ilio-colic valve in the human subject ; and sometimes, moreover, as for
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instance in the Iguana, there is a distinct ca3cum developed at the com-

mencement of the large intestine.

(1936.) The auxiliary secretions suhservient to digestion in the class

before us are the salivary, the hepatic, and the pancreatic.

(1937.) The salivary glands are of very pecuHar constrixction *. In

the Cheloniak, the Saurian, and the Batrachian orders, the substance

of the tongue seems to be principally made up of a thick glandular

mass, formed by a multitude of little tubes united at their bases ;
but

becoming separate towards the surface of the tongue, they give the whole

organ a papillose or velvety appearance. This glandular apparatus rests

immediately on the muscles of the tongue ; and upon its sides a multitude

of pores are visible, through which the salivary secretion exudes.

(1938.) In the Ophidian Eeptiles, from the manner in which they

swallow their prey, the bulk of the tongue is necessarily reduced to the

utmost extent ; the whole organ seems converted into a slender bifid

instrument of touch, and is covered with a delicate membrane. Instead

of the salivary apparatus described in the last paragraph, two glandular

organs (fig. 485, s), placed immediately beneath the skin of the gums,

surround the margins both of the upper and lower jaws ;
and from

these an abundant salivary secretion is poured into the mouth, through

orifices situated externally to the bases of the teeth.

(1939.) The liver of Reptiles (fig. 488, h) requires no particular

description : its secretion, as well as that of the pancreas (fig. 488, o),

is poured into the intestine in the usual manner, at a little distance

from the pylorus.

(1940.) The spleen and system of the vena porta; are disposed in the

same manner as in other Yertebrata. The spleen (fig. 488, I) is gene-

rally more or less closely connected with the stomach ; and the large

vein derived from it, being joined by those proceeding from the other

viscera of the abdomen, forms the trunk of the portal vein (m), which

soon divides again into numerous branches that ramify in the substance

of the Hver.

(1941.) The lymphatic and lacteal systems are very important parts

of the economy of these creatures; and, from the large size of the

absorbent vessels, their disposition is more easily traced in the class

before us than in any other. The principal trunks surround the aorta

and other large blood-vessels, and communicate very extensively with

the veins in different parts of the body. From the imperfect condition

of the valves in their interior, the lacteals of many tribes may be readily

injected from trunk to branch, and when thus filled with mercury,

they are found to spread out between the coats of the intestines like a

dense network of silver.

(1942.) But the most remarkable circumstance connected with the

absorbents of this class of animals is the discovery, made by Professor

* Cuvier, Leqons cVAnatomie Compar^e, iii. p. 223.
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Fig. 488.

Miillcr of Berlin *, of a system of lymphatic hearts destined to

the products of absorption from the chief

lymphatic trunks into the veins. In the

Frog, four of these pulsating cavities are

easily displayed by simply raising the skin

covering the regions of the body where they

are situated. The posterior pair of hearts

are appendages to the lymphatic trunks

which convey the absorbed fluids derived

from the hinder extremities into the is-

chiadic veins
;
they are situated on each

side midway between the extremity of the

long bone which represents the os coccygis

and the hip-joint, and are placed imme-

diately beneath the integument. They

consist each of a single cellular cavity, and

pulsate regularly ; but their pulsations are

quite independent of those of the heart,

neither are the contractions of the two

lymph-hearts synchronous with each other.

(1943.) Another pair of these contractile

cavities is situated beneath the posterior

margin of the scapula, close to the trans-

verse process of the third vertebra : this

pair forces the contents of the lymphatics

of the anterior portions of the body into

the jugular veins.

(1944.) Fishes respire water by means

of gills. Keptiles, breathing a lighter

medium, are provided with lungs—mem-

branous bags, into which the external

element is freely admitted, and again ex-

pelled in a vitiated condition, its oxygen

having been employed in renovating the

blood, which circulates in an exquisite net-

work of delicate vessels that ramify in rich

profusion over the walls of the pulmonary

chamber.

(1945.) This important difference be-

tween Fishes and Eeptiles, as relates to

their mode of respiration, would seem, at

first sight, to draw such a distinct line of

* Vide Berlin Annals for 1832 ; and also

Panizza, sopra il Sistema Linfatico clei Rettili.

fol. Pav. 1833.

propel

m
1 1'

Anatomy of Proleun angutuus.
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demai'cation between those two great classes of Vertebrata that it would

be impossible for the most superficial zoologist to confound one with

the other, or to bo for a single moment at a loss in attempting to assign

to any creature belonging to either of these divisions of the animal

world its proper position.

(1946.) We have, however, again and again had opportunities of

observing how nearly animals of neighbouring classes approximate each

other, not only in their outward form, but in their anatomical con-

struction ; and in considering this portion of our subject we shall have

another most striking illustration of this great law in zoology,

(1947.) The perfect and typical Eeptile, as the Lizard, the Tortoise,

and the Serpent, breathes air, and air only, and is therefore only pro-

vided with lungs adapted to this kind of respiration ; but the Perenni-

branchiate Amphibia, possessing both lungs and gills, participate to a

greater or less degree in the characters of Fishes, so that in some, as,

for example, in the Lejpidosiren (fig. 477), so near is the approximation

that it becomes almost impracticable for the most accomplished anato-

mist precisely to determine whether the animal ought rather to be called

a reptUe or a fish ;
and, lastly, in the Batrachian Amphibia, as we have

already seen, we have the same animal gradually changed from a fish

into a complete and perfect reptile.

(1948.) In considering the apparatus provided for circulation and re-

spiration in the animals comprised in the class before us, we shall there-

fore first describe the organization of these viscera in Eeptiles furnished

with limgs only
;
secondly, of those having permanent gills as well as

lungs ; and thirdly, the metamorphoses that take place in the con-

struction of the breathing-organs during the development of the lungs,

and the obliteration of the branchiae in those forms in which the

branchiae are not persistent.

(1949.) The lungs of Eeptiles are two capacious membranous sacs

occupying a considerable portion of the visceral cavity, which, as there

is no diaphragm as yet developed, cannot properly be divided into thorax

and abdomen, as it is in MammaHa. From the internal surface of the

walls of each lung membranous septa project inwards, so as partially to

divide the interior of the organ into numerous polygonal cells, which

are themselves subdivided into smaller compartments in a similar manner.

This structure is well seen in the lung of the Tortoise (fig. 489).

(1950.) The pulmonary cells are most numerous and complete towards

the anterior extremity of the limg, and it is here that the pulmonary

vessels principally ramify : towards the hinder part of the viscus the

cells become larger, and the breathing-surface proportionately less ex-

tensive, until in some cases, as in Serpents, the cells being quite oblite-

rated, the lung terminates posteriorly in a simple membranous bladder.

(1951.) The air is brought into the lungs through a long trachea,

composed, as in other Vertebrata, of a series of cartilaginous rings : but

3 B
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there is this peculiarity in the construction of the lleptile lung ; the

trachea never divides into hronchial ramifications, but terminates ab-

ruptly by one or more orifices which open at once into the general pul-

monary cavity.

(1952.) It must be evident, from the whole construction of a lung of

this description, that, owing to the comparatively limited surface that it

presents internally, it is far less adapted efficiently to expose the circu-

Fig. 489.

Lung of the Tortoise : a, trachea.

lating fluid to the influence of the atmosphere than the more complex

apparatus of Birds and Mammalia : the respiration of Reptiles is conse-

quentlv proportionately imperfect ; and hence that coldness of their

blood and feebleness of muscular movement which are so characteristic

of the entire class.

(1953.) The air required for purifying the blood is, of course, con-

tinuaUy changed, being alternately taken into the lungs, and again ex-
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peUed in a deteriorated condition, by a mechanism which will be found

to vary in different reptiles in accordance with the peculiarities of their

organization. No reptHe possesses a diaphragm ; and being destitute of

this important muscle, the movements whereby inspiration and expira-

tion are accompHshed are, in such genera as are furnished with moveable

ribs, entirely dependent upon the mobUity of the framework of the

chest—the dilatations and contractions of the thorax, consequent upon

the alternate elevation and depression of the ribs, being sufficient to en-

sure the inhalation and expulsion of air : such is the case in the Serpent

and the Lizard.

(1954.) In the Ajiphibia, however, there are not even ribs developed,

or, if they exist at all, they are such mere rudiments as to be quite use-

less as instruments of respiration ; and on the other hand, in the Che-

mmAN Eeptzles, the large and expanded bones of the thorax are so

consolidated together, and so iramoveably fixed to the broad and osseous

sternum, that respiration in the ordinary manner would be altogether

impracticable. Under these circumstances, as a compensation for the

want of mobility in the chest, the os liyoides and the muscles of the

throat are converted into a kind of bellows, by which the air is forced

mechanically into the lungs, and they are thus distended at pleasure.

(1955.) Any one who watches a Frog or a Tortoise with a little at-

tention will at once understand the mechanism by which this is effected.

The mouth is kept closely shut ; and the nostrils, which open immedi-

ately into its cavity, are each provided with a muscular valve, so dis-

posed as freely to permit the entrance of air into the mouth, but also

effectually preventing its return by the same channel. By this arrange-

ment the descent of the hyoid apparatus fills the mouth with air ; and

the subsequent contraction of the broad muscles of the throat, the nos-

trils and the pharynx being of course both closed, forces the air into the

opening of the larynx, and distends the lungs, from which it is again

expelled by the pressm-e of the abdominal muscles.

(1956.) The structure of the heart and the course of the circulation

in Reptiles afford interesting subjects for investigation. The heart

consists of three cavities, namely, a strong and muscular ventricle

(fig. 490, a), and two membranous and very capacious auricles, both of

which communicate by valvular openings with the ventric\ilar cavity.

The right auricle (b) receives the venous blood from all parts of the body

through the vense cavse (n, o,jp), the terminations of which are guarded

by strong valves ; the left auricle (c) is appropriated exclusively to the

lungs, from which it receives arterial blood through the pulmonary

veins (m m). It is obvious, therefore, that the ventricle receives two

kinds of blood from the two auricles—venous blood from the systemic

auricle, and arterial blood from the pulmonic auricle ; and as the interior

of thc! ventricular cavity is crossed by innumerable columnoi carnece,

giving it almost a spongoid appearance, the vitiated and purified blood

3 n 2
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derived from tliese two sources are more or less completely mixed

together, and blood only partially artcrialized is distributed to the system.

(1957.) Two sets of vessels take their origin from the single ventricle,

viz. the pulmonary and aortic. The jpulmonary artery soon divides into

two trunks (//), one destined to each lung ; so that a part of the im-

pure blood expelled from the ventricle is at once driven to the organs

of respiration to be further oxygenized. The aorta, immediately after

its origin, likewise separates into two trunks {d, e), the right and the

. left, which, winding backwards, ultimately join to form one great vessel

Fig. 490.

TTparb of the Tortoise 6, right auricle ; n, o, p, yeme cayae
;
c, left am-icle

;
m, m, puhnonary

.eS /./ pulmonary art;rie' ; d, e, the two aorta,, which subBequently urute to form a s.ngle

i^^, ifI, k, viBceral arteries ; g, arterial imiominatie; h, h, carot.d arteries.

(I) from which the arteries of the viscera (i, Jc) and those destined to

the posterior parts of the body are given otf. From the commencement

of the right aortic trunk a very large vessel is furmshed, which bifiir-

cates to form two arterice innommatce (g g), from which the carotid and

subclavian arteries take their origin.
_ ,

i
.

(1958 ) Although the above description refers more immediately to

the construction of the heart of the Tortoise, in all essential particulars
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it is equally applicable to all Reptiles of the Saurian, Chelonian, and

Ophidian orders ; and when we thus see that, in addition to the com-

paratively imperfect condition of their lungs, the blood which cii'culates

through the body is in these creatures a mixed and semivenous fluid,

we need not be surprised at the contrast which they offer when com-

pared with the hot-blooded and vigorous animals to be described in the

subsequent chapters of this work.

(1959.) Cuvier committed a serious error in describing the Batrachian

reptiles as having a heart composed of but two cavities : our illustrious

countryman John Hunter had already ascertained that in Frogs, Toads,

and Salamanders the heart possessed a pulmonary as well as a systemic

amicle ; and his observations have since been abundantly confirmed by

Dr. Davy, Dr. Martin St.-Ange, and Professor Owen. The pulmonic

auricle in these creatures, indeed, is comparatively of small size ;
but it

exists as a perfectly distinct chamber, and receives the blood from the

lungs preparatory to its admission into the common ventricle.

(1960.) With regard to the use of the additional auricle in the Eep-

tilia, Professor Owen has well remarked* that, from the impediments

which frequently occur to a free and regular circulation of blood in these

cold-blooded and slow-breathing creatures, the venous side of the heart

is subject to great distention ; hence the large size of the auricles, and

of the sinus which receives the systemic veins, and also the perfect de-

velopment of the valves intervening between the vense cavse and the

auricle, of which the Eustachian valve of the Mammiferous heart still

presents a rudiment. Had the pulmonary veins terminated along with

the systemic in the same cavity, their orifices would have been subjected

to the pressure of the accumulated contents of that cavity, and there

would have been a disproportionate obstacle to the passage of the

aerated blood into the ventricle. This is obviated by providing the

pulmonary veins with a distinct receptacle, which is equally ready with

the right auricle to render its contents into the ventricle during the

diastole of that cavity.

(1961.) Passing from the consideration of the more perfect Reptile

circulation as it exists in those genera which in their adult condition

possess lungs only, to those which may properly be called Amphibious,

and are provided with both lungs and gills throughout the whole period

of their lives, we must still pause to notice one or two intermediate

forms, which, notwithstanding that they lose their branchije at an

early stage of their growth, are evidently closely related to the Perenni-

branchiata, as may be gathered from the arrangement which their

blood-vessels permanently exhibit. Such is the Menopoma, or Great

South-American Salamander, an animal met with in the rivers and

lakes of the South-American continent. In the annexed figure, taken

from the Catalogue of the Hunterian Collection, the principal vessels of

* Transactions of the Zoological Society of London, vol. i. p. 217.
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this creature are dolinoated as seen from the dorsal aspect. The lower

jaw (fig. 491, a) has been removed from the head, so that in the

drawing are exposed the cut edge
^.jg

of the masseter muscle (6), the

tongue (c), and the opening of

the larynx, into which a bristle

(d) has been introduced, one end

of which is seen passing into

the cavity of the right lung :

the bag of the pharynx (/ /)

has been left entire ; and upon

this the mara vascular trunks

are supported. From the heart,

situated upon the opposite side

of the oesophagus, is given off a

large vessel representing the hul-

hus arteriosus of fishes, which

terminates by dividing into four

branchial arteries ; but as in

the adult Menopoma there are

no branchijB, these vessels (o o o)

wind round each side of the

neclc, and again unite into two

trunks (r r) which by their

union form the aorta (t t). It

will easily be perceived that this

arrangement is precisely that

met with in fishes ;
only that, as

there are here no gills intervening

between the terminations of the

branchial arteries and the com-

mencements of the branchial veins,

these vessels are immediately con-

tinuous with each other. More-
j„ Menopoma- a, lower jaw; b b,

nvPT from the lowest branchial masseter muscle, divided; c, tongue; cZ d, a bristle

UVt)i, iium tut.
_ paased into the trachea, whicli passes down into the

arch (o) a pulmonary artery is
iu„g of the right side; e, left lung; //.posterior sur-

^ff ittVi^pVi rnmififtS over face of the oesophagus ; ,9, stomach ; A, pylorus ;
1 1,

given off, which rammes ^^^^ ^^^^^^^^^.^^J^^^^i^^^-^^^^,,^^^

the surface of the as yet rudl- o, o, branchial arteries, from the lowest of which

1 / ^ or,rl +Vma o-i"vpq is given off the pulmonary artery seen ramifying

mentary luug (e), and thus gives e
^^^^ ^^^^ ^ . ^ ^.^ ^^.^^ks formed by

rise to a distinct pulmonary Cir- the union of the branchial veina, which umte to form

the aorta, t.

culation. . , 1
•

(1962 ) Having carefully considered the disposition of the vessels in

the Menopoma above described, the reader will be able to appreciate the

arrangement of the vascular system in those Amphibia

provided with both gills and lungs through the whole of their hves,
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litcraUy combine the blood-vessels of a fish with those of an air-breathing

reptile. n 4

(1963.) In the PERENNiBUANcniATA, as, for example, m the I roteus,

instead of the hidbus arteriosus being immediately continuous with the

aorta (as it is in the 3Ienoj)oma) through the interposition of the vessels

000 (fig. 491), the blood derived from the heart is obHged to pass more

or less completely through gills appended to the sides of the neck before

it arrives in the vessels (r r) which may be said to represent the bran-

cliial veins of fishes.

(1964.) The branchiee are either vascular tufts or pectiniform organs

(fig. 492, b b), essentially ana-

logous in structure to those • ^^S- 492.

of a fish. The blood, however,

which is propelled from the

heart is not here entirely ve-

nous, but consists of a mixed

fluid, partially derived from

the systemic and partially from

the pulmonary auricle, the two
, . n ^ -u^^r, r»n"Tio-lo<1 Branchia of Proietw a»i.9«i)M;« : a, branchial artery

having, Ot course, been mmglea
^j^anchial fringe8 ; a, branchial vein, which retnrna

together in the common ven- the arterialized blood from the gills.

tricle of the tripartite heart.

The contraction of the heart forces the blood into the bulbus arteriosus,

from which it is in great part driven into the branchiae : arrived there, it

passes along the great branchial artery (fig. 492, a), is made to circulate

overthe branchial fringes (b) ; and being again coUected into the branchial

vein (c), in a purified condition, it is poured into those large trunks,

the representatives of the vessels r r (fig. 491), which form the aorta.

(1965.) But, besides the branchial circulation, these creatures like-

wise possess lungs (fig. 488, z, t), and a pulmonary circulation of greater

or less importance in difi'erent genera. Nevertheless the pulmonary

artery is merely a small twig given off from the aortic system of vessels,

through which semiarterialized blood passes to the lungs, to be re-

turned in a still purer condition to the left auricle of the heart.

(1966.) If the student has fully comprehended the permanent con-

dition of the blood-vessels as it exists in the perfect Eeptile and in the

Pcrennibranchiate Amphibian, he will have little difiiculty in under-

standing the changes which occur in the distribution of the vascular

system during the metamorphosis of the CADUCiBRANcniATA.

(1967.) In the Salamander, when the lungs begin to be developed

and are coexistent with the branchial apparatus, the arrangement of

the circulating system is precisely similar to that described as being

permanent in the Perennibranchiata ; as may be seen by a reference to

the appended diagram (fig. 493), which would equally illustrate the

distribution of the blood-vessels in both cases.
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(1968.) In this early stage of the tadpole's life, the contraction of

the heart and bulbus arteriosus drives the greater part of the blood

through the branchial arteries (fig. 493, a a a) to the giUs, from which

it is returned in a purified condition by the branchial veins (///),
which, by their union, at length form the aorta, as in fishes. At this

period the pulmonary artery (6), which is very email, in correspondence

with the as yet rudimentary condition of the lungs, is merely a branch

derived from the aortic system, and reinforced by a vessel (c) given off

from the bulbus arteriosus. The greater proportion of the blood there-

fore evidently goes to the branchiae, and a very small part to the

lungs.

(1969.) The reader, however, must here remark that there are small

anatomosing vessels (fig. 493, eee) uniting the branchial aiteries with

the trunks of the branchial veins,

and that these are situated just at ^^S-

the roots of the giUs, since these

vessels become of the utmost im-

portance during the subsequent

stages of the metamorphosis.

(1970.) The branchiae gradually

become diminished in size, and a

smaller quantity of blood passes

through them; and as this goes

on, the vessels (a a a, fff) shrink

in the same proportion. Mean-

while the lungs are progressively

more and more developed, and the

pulmonary artery (6) expands in

an equal ratio. As the blood forces

itswaywith more difficulty through

the branchiae, the anastomosing ves-

sels (e e e) dilate, and a freer supply

of blood is poured into the pidmo-

nary system, untQ at last, when

the lungs are fully formed, and the

branchial arteries (a a a) and veins (///) quite obHterated, aU the

blood necessarily passes immediately through the anastomotic trunks

(e e e) which of course then represent the vessels (o o o) of the Meno-

poma (fig. 491), and the mode of respiration is thus completely con-

verted from that of a Fish into that of a true lleptUe.

(1971 ) But during the progress of these changes m the disposition

of the vascular system, others not less wonderful take place in the form

and uses of the entire hyoid apparatus, and in those muscles of the

throat which are connected with the function of respiration.

(1972.) The hyoid apparatus of the tadpole is, m fact, a very com-

Course of the circulation in Froteus anguinus.

(After Busconi.) a, a, a, branchial arteries;

/. /' /. branchial veins ; 6 ,
pulmonary artery ;

c,

branch derived from the bulbus arteriosus,

which assists in forming the pulmonary artery

;

e, e, e, anastomosing vessels between the bran-

chial arteries and the branchial veins.
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pUcated structure*, and, like that of the fish, supports the branchias,

and facihtates the entrance and expulsion of the water ;
moreover, by

opening or closing the communication which exists through the branchial

apertures between the mouth and the exterior of the body, it thus aUows

air to be taken into the lungs at pleasure.
„

(1973.) The os hyoides of the tadpole, at an early period of its de-

velopment, supports four branchial arches (fig. 494, a, i, 2, 3, 4), which

bound three brancHal fissures, through which, as in a fish, the water

escapes from the mouth. The branchial arches 2 and 3 are studded on

each side with cartHaginous points ; and the arches 1 and 4 have similar

points on one side only ; so that when the arches are approximated, as

they can be by an elaborate temporary set of muscles provided for the

purpose, the cartilaginous teeth lock into each other so accurately that

the branchial fissures are completely and firmly closed—a provision

which is evidently indispensable in order to allow the tadpole to fill its

lungs with air.
• i? i-i,

(1974.) The above is the condition of the branchial portion ot the

Kg. 494.

A B

C D

Metamorphosis of the os hyoides in the Tadpole. (After Dr. St.-Ange.)

hyoid apparatus before the metamorphosis of the tadpole has made much

progress ; and from this time a series of changes begins of a most curious

and interesting description.

(1975.) When the metamorphosis has commenced, the os hyoides

and branchial arches assume the appearance represented at fig. 494, b.

The pieces 8 and 9 are no longer both cartilaginous, the latter having

become entirely ossified. The branchial arch 1 is Hkewise converted

into bone ; and its upper surface, being considerably enlarged, is now

connected with both the pieces marked lo and 11. The three carti-

* Rechorchos anatomiques et physiologiques sur les organes transitoires et la m6ta-

niorphose dcs Batraciens, par J. G. Martin St.-Ange (Annales des Sciences Naturellcs,

xxiv.).
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Fig. 495.

laginous pieces 5, 6, 7, in fig. 494, a, are consolidated into one, while

the branchial arches 2, a, 4. become much reduced in size, the branchiae

approach each other, and the cartilaginous points with which they are

provided adhere together, so that from hour to hour, so to speak, the

mass (2, 3, 4) composed of the three united branchial arches becomes

insensibly obliterated, and in a very few days is entirely absorbed.

While this absorption is going on, the branchial arch (1) assumes greater

consistency, its inferior extremity be-

comes directed outwards, and it loses

the little cartilaginous teeth previously

appended to it; the os hyoides thus

assumes the simple form represented

in fig. 494, c. Lastly, the cartilage 6

disappears, and the complex branchial

apparatus of the tadpole becomes con-

verted into the permanent and com-

paratively simple OS hyoides of the

Salamander, depicted in fig. 494, d.

(1976.) The branchial arches 2, 3, 4,

Dr. St.-Ange remarks, are absorbed in

proportion as the circulation becomes

modified, their atrophy depending upon

the change which takes place in the

course of the blood, owing to the di-

latation of the anastomotic vessels

(fig. 493, e e e) and the enlargement

of the pulmonary artery (6). It is,

therefore, owing to a kind of revulsion

produced by the afflux of the blood

towards the pulmonary organ instead

of towards the branchiae, that the

atrophy of the branchial capillaries,

and subsequently of the whole bran- course of the circulation in Lepidodren.

. , , •„ (After Owen.) «, auricle of the heart; 6.

Chial apparatus, is produced.
ventricle; c, bulbus arteriosus; e, vena

('1977.') We must in the last place, cava; /, pulmonary vein; m, the lungs;

n ,-1 1, 2, 3, 4, 5, 6, branchial arteries ;/, m, piil-

before leaving the consideration ol tne monary arteries.

circulating system of the Reptilia,

describe that of the Lepidosiren, a creature so exactly intermediate

between the two classes, that it is really difficult to determine whether

it ought most properly to be called a fish provided with lungs, or a

reptile with the circulatory organs of a fish.

(1978.) The heart resembles that of a fish, and consists of a single

auricle (fig. 495, a), a ventricle (6), and bulbus arteriosus (c). The

vena cava {e), bringing the vitiated blood from the system, ternunates

at once in the auricle, which is represented in the figure as laid open ;
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but the pulmonary vein (/), whereby the aerated blood is brought from

the Inngs (m), passes along as far as the auriculo-ventncular opening,

where it empties its contents into the ventricle by a distinct orifice, pro-

tected by a cartilaginous valvidar tabercU.

(1979.) It is therefore only necessary in this case to dilate the pul-

monary vein previous to its termination, to make a heart with two

auricles ; but, as Professor Owen observes, the same advantage is secured

to the Lepidosiren in a different mariner ;
for, while it still retains the

dioecious type of the heart of the fish, the continuation of the puhnonary

vein prevents the admixture of the respired with the venous blood until

both have arrived in the ventricle.

(1980.) The aorta, or, rather, the bulbus arteriosus (c), in this inter-

esting creature, fulfils at once the office of a systemic, a branchial, and

a pulmonary artery. It gives off on each side six vessels, which corre-

spond to the six cartilaginous branchial arches ; of these arches four,

namely the 1st, 4th, 5th, and 6th, support giUs, so that the arteries

belonging to them (i, 4, 5, e) are, as in fishes, distributed over the

branchial fringes, and are thus true or functional branchial vessels. But

the 2nd and 3rd arches have no gills appended to them ;
so that the

arteries (2, 3) belonging to these arches do not divide, but are continued

round to the dorsal region, where they unite to form an aorta, as in

Menopotna (fig. 491); moreover, before their union to form the systemic

trunk, they give off the pulmonary arteries {I, m) by which the pulmo-

nary circulation is supplied. Thus each contraction of the ventricle of

the heart drives the mixed blood derived from the vente cavse and pul-

monary veins to the gills, to the aorta (through the vascular trunks 2, 3),

and to the lungs (through the pulmonary artery, Z m) ; so that from this

arrangement, whether the creature be placed in water or in air, res-

piration is carried on efficaciously either by the pulmonary or branchial

apparatus vicariously.

(1981.) The principal difference observable between the brain of

Reptiles and of Fishes is the increased proportional size of the cere-

bral hemispheres (fig. 496, b) ; but they are still extremely small when

compared with the bulk of the body. The appended figure (fig. 496),

which represents the brain of the Tortoise in three different aspects,

may easily be compared with that of the fish already given. The olfac-

tory lobes (c) might now be mistaken for prolongations of the anterior

extremity of the hemispheres ;
they contain distinct ventricles, and of

course give origin to the olfactory nerves (0 0). The hemispheres (b)

are much more developed than in the last class : their surface is always

smooth and without convolutions ; and they are hollowed out into capa-

cious ventricular chambers, in which are contained the corpus striatum

and choroid plexus (fig. 496, c) ; the two sides are moreover brought into

communication by an anterior and a posterior commissure.

(1982.) The optic lobes (e) are as yet uncovered by the extension of
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the homisplicre backwards, and each, when laid open, is found to enclose

a ventricle (fig, 496, c). The cerebellum (a) is still small, and consists

but of the median portion ; behind it is a supplementary lobe (g), ex-

tending over the fourth ventricle, as in Fishes. The student will easily

recognize the pituitary body (/) ; but neither this nor the origin of the

nerves presents any peculiarity worthy of more particular description.

(1983.) Taking the cerebral nerves in the order in which they arise,

we will now proceed briefly to trace their general distribution ; and this

we shall find to correspond most exactly in all essential points through-

out the different classes of Vertebrata.

Fig. 496.

Brain of the Tortoise: o, olfactory nerves; c, olfactory lobes of the brain; cerebral hemi-

spheres; e, optic lobes; a, cerebeUum; g, supplementary lobe; /, pituitary gland.

(1984.) The olfactory nerves leave the olfactory lobes of the brain

as single round cords, and are not, as in the Mammalia, divided into

numerous filaments ;
consequently there is no cribriform plate to the

ethmoid bone, but the nerve of each side (fig. 498 e) is received into a

simple canal, partly osseous and partly cartilaginous, through which it

is conducted to the cavity of the nose.

(1985 ) The nasal apparatus of Keptiles differs from that of Fishes

in one important particidar. Breathing air as these creatures do, the

sense of smell now becomes connected with the respiratory fiinction :

and a communication being established between the nasal cavities and
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the larynx, the air which passes through this channel into the lungs

must necessarily come into contact with the sentient surface formed by

those portions of the lining membrane of the nose to which the nerves

of smeU are distributed ; and in proportion as the extent of that surface

becomes developed, the power of appreciating the presence of odorous

pai'ticles in the atmosphere will necessarily be increased. The physio-

logist is thus enabled to estimate with great exactness the relative per-

fection of the sense of smell in different classes, or even in different

families of the aii--breathing Vertebrata, simply by observing the com-

plication and extent of surface presented by the lining membrane of the

olfactory organ.

(1986.) Taking this as as our guide, we must suppose that in all rep-

tiles the sense in question is extremely obtuse, since in these creatures

there are neither turbinated bones nor ethmoidal plates as yet distin-

guishable,—a few folds of the membrane lining the nose, even in those

species which are most highly gifted in this particular, being the only

provision for extending the olfactory surface ; and in many cases, as for

example in the Amphibia, the nose seems merely a simple canal leading

into the mouth.

(1987.) On reaching the nasal cavity, the olfactory nerve spreads

out into delicate filaments (fig. 498, d), which are distributed to the

Schneiderian membrane covering the septum and upper part of the

nose.

(1988.) The optic nerves of Keptiles (fig. 496, n), soon after their

origin, become confounded together by a commissure, in the same way

as in the human subject; and again separating, they are continued

through the optic foramina to the eyes.

(1989.) The eyeball itseK presents few peculiarities in its structure.

In the Tortoise, and many Lizards, the sclerotic contains a circle of bony

plates imbedded in its substance, and surrounding its anterior margin :

these are obviously the rudiments of that osseous zone which in the

class of Birds, as we shaU find, performs a very important office. The

ciliary processes of the choroid are generally very feebly developed.

The pupil is frequently round ; but it is sometimes of a rhomboidal

figure, as for example in the Gecko ; and in the Crocodile and some

Serpents the pupillary aperture is a vertical fissure like that of a Cat.

(1990.) The optic nerve enters the eye in the same way as in qua-

drupeds, and, having passed the choroid, it terminates in a round papilla,

from the margin of which the retina spreads out. As to the rest, the

eye of a reptile differs so little in any essential circumstance from that

of Man as to render any more elaborate description superfluous.

(1991.) The eyeball is moved by six muscles, disposed as in Fishes,

—the four recti arising from the margin of the optic foramen, while

the two obliqui are derived from the anterior margin of the orbit.

(199^.) In Fishes, from the circumstances under which they live,
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there is no occasion for the presence of any lacrymal apparatus, or for

eyelids adapted to defend and moisten the surface of the cornea ; hut

iu the class hcforo us, especially in the more elevated tribes, these

appendages to the eye make their appearance, and gradually assume a

complexity of structure even greater than that which they present in

the human subject.

(1993.) In Serpents, and in some of those Lizards which are most

nearly allied to the Ophidians, there are still no eyelids ; and conse-

quently in such genera there can be neither any lacrymal apparatus

nor a conjionctiva, properly so called ; the skin of the head merely passes

like a delicate film over the transparent cornea, offering no fold worthy

of the name of an eyelid.

(1994.) In ordinary Lizards* the skin forms a kind of veil stretched

over the orbit, and pierced by a horizontal fissure, which is closed by a

sphincter muscle. The lower eyelid is the most moveable, and encloses

a small cartilaginous plate ; and there is, besides, generally a fold of the

conjunctiva at the inner canthus of the eye, which is the first appear-

ance of a third eyelid or membrana nictitans.

(1995.) In the Chelonian Reptiles and in the Crocodiles, the upper

and lower eyelids are sufficiently perfect accurately to close the eye

;

but there are no eyelashes as yet present. Moreover these animals

possess an additional eyelid or nictitating membrane, similar to that of

Birds, which can be drawn at pleasure over the front of the eye, so

as entirely to conceal it. This is effected by a special muscle provided

for the purpose, which arises from the posterior part of the globe of the

eye, and, after winding round the optic nerve, passes beneath the eye-

ball', to be inserted into the free margin of the membrana nictitans.

In Progs and Toads the upper and lower eyelids are nearly motionless ;

but the third is largely developed, and moved in the same way as that

of the Crocodile.

(1996.) In the higher ReptHia a distract lacrymal gland andpuncta

lacrymalia are met with, occupying the same positions as those of the

human subject.

(1997.) The tUrd, fourth, and sixtli pairs of the cerebral nerves have

the same' distribution in aU the Yertebrata, and represent respectively

the oculo muscular, the pathetici, and the abclucentes of Man.

(1998.) The nerves belonging to the fifth pair Ukewise correspond

both in their distribution and office with the trifacial nerves of mammi-

ferous Yertebrata.
, • • n

(1999 ) The facial nerve, or portio dura of the seventh pair, is small,

in proportion to the limited development of the soft parts of the face,

but- it is constantly present.

(2000 ) The auditory nerve, of course, is destmed to the ear, and its

distribution is almost the same as in Fishes ; nevertheless, in tlie general

* Cuvier, Logons d'Anat. Comp. torn. ii. p. 433.
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construction of the organ of hearing, Reptiles present very important

and interesting advances towards a higher form of the acoustic apparatus,

which we must proceed to notice.

(2001.) The ear of Eishes, being only adapted to hear sounds con-

veyed through a watery medium, was found to consist only of the mem-}p.

branous labyrinth, enclosed in the cavity of the skull, and without any

communication with the exterior of the body. ReptUes, on the con-

trary, living in air, must be enabled to appreciate the sonorous vibra-

tions of the atmosphere, and are consequently provided with an auditory

apparatus capable of responding to pulsations of sound of far greater

delicacy than those transmitted through the denser element.

(2002.) The first great improvement, therefore, which the anatomist

notices in the composition of the ear of a Reptile, is the addition of a

tympanic cavity, and of a tense and delicate membranous drum, the

vibrations of which are communicated to the labyrinth or internal ear

through the intervention of an ossicle that represents the stapes of

Mammalia.

(2003.) The drum of the ear is situated immediately beneath the skin,

the parts composing the external ear of quadrupeds being as yet entirely

deficient. The membrana

tympani, that now for the

first time makes its ap-

pearance in the series

of animals, is tensely

stretched across the tym-

panic aperture, being co-

vered externally by the

integument of the head.

In the Turtle (fig. 497)

the tympanic membrane

is represented by a car-

tilaginous plate (a). The

ossicle, or columnella as

it is here called, is single

and trumpet-shaped ; it

passes quite across the

tympanic cavity (6), its

external extremity being inserted into the drum, while at its opposite

end it expands into a disk (c), which closes an aperture {foramen

ovale) that communicates with the membranous vestibule of the internal

ear. It is obvious, therefore, that every tremor impressed upon the

membrana tympani will be conveyed by the columnella to the foramen

ovale, and thus communicated to the fluid contained in the labyrinth,

upon which, as in fishes, the auditory nerve is distributed.

(2004.) The cavity of the tympanum communicates with the interior

Fig. 497.

Ear of the Tortoise ; a, membrana tympani ; b, cavity

of the tympanum ; c, columnella.
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of the mouth by a wide opening, that represents the Eustachian tube,

—

a circumstance evidently intended to prevent air or fluid from being

pent up in the tympanic chamber and thus interfering with the free

vibration of the drum.

(2005.) In Serpents, on account of the peculiar disposition of the

pieces of the temporal bone, before described (§ 1912), there is no

tympanic cavity, and the columnella (fig. 483, v) is absolutely imbedded

in the flesh ; the arrangement, however, in other respects is the same aa

in the generality of reptiles.

(2006.) The lower tribes of Amphibia, as we might be led to ex-

pect from their close approximation to Fishes, have neither tympanum

nor columneUa, and thus, like Fishes, can only hear in an aquatic

medium.

(2007.) The membranous labyrinth of EeptUes (fig. 498, a be) cor-

responds in its general conformation with that of Fishes, presenting

the same semicircular canal, ampullae, and vestibular cavity ;
and more-

Fig. 498.

Auditory and olfactory apparatus of the Turtle : a, auditory nerve; 6 vestibule
;

c, semi-

circular canals ; e, olfactory lobe of the brain ; d, expansion of the olfactory nerve over the

walls of the nasal cavity.

over the aacculus contains cretaceous concretions or otoliths of a similar

character; but in this class the membranous canals become enclosed

in a bony' sheath, moulded as it were upon the outer surface, which is

another very important step towards perfecting the auditory apparatus.

(2008.) Neither must we omit to mention that in the highest of the

EeptiHa,' as for example in the Crocodile, the first rudiment of a cochlea

makes its appearance, although as yet in a form of extreme simplicity.

This portion of the organ of hearing, which, from the elaborate struc-

ture that it presents in the higher Vertebrata, must be regarded as

being importantly connected with correct audition, is seen in this the

earliest stage of its development to bo a simple conical appendage to the

sac of the vestibule ; and on opening it, it is found to be divided by a
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central cartilaginous septum into two compartments, which, however,

are continuous with each other at the apex of the cone. One of these

compartments or canals opens at one extremity into the vestibule, while

the other communicates with the tympanic cavity by a very small aper-

ture closed with a thin membrane. Thus, therefore, although the entire

organ resembles a simple canal bent upon itself, the representatives of

the scala vestihuli, of the scala tympani, and of the fenestra rotunda of

the human ear can be distinctly identified.

(2009.) The glosso-pliaryngeal and pneumogastric nerves in Reptiles

supply the same organs to which they are distributed in the human

subject, the former being destined to the base of the tongue and the

muscles of the pharynx, while the latter, assuming a plexiform arrange-

ment, are appropriated to the lungs and heart, as well as to the oeso-

phagus and stomach.

(2010.) The hypoglossal pair of the cerebral nerves, which were not

met with in fishes, now become distinctly apparent, and, as in the

higher Yertebrata, may be traced in the muscles of the tongue.

(2011.) The spinal system of nerves offers no peculiarity worthy

of special description. In figure 499, taken from Bojanus, the nerves

derived from the medulla spinalis are seen to issue in the usual

manner from the intervertebral foramina ; and they evidently essentially

correspond with the grand type of structure common to the vertebrate

classes. In the apodous Eeptilia, as for example in the Serpents, to

attempt to divide them into the usual regions is clearly absurd ; but in

quadrupedal forms, as for instance in the Tortoise, the cervical nerves,

the brachial plexus, from which are derived the nerves of the anterior

extremity, the intercostal nerves, and those forming the lumbar and

sacral plexuses are at once distinguishable, and the correspondence

between their distribution in the reptile and in the human subject must
forcibly strike the student who makes the comparison,

(2012.) Neither does the sympathetic system of the Reptilia offer any
important aberration from that arrangement with which the human
anatomist is familiar. The ganglia are smaller in their proportional

size
; those, indeed, of the neck and face are scarcely perceptible ; but

the thoracic gangha are found in their usual positions, communicating

on the one hand with the spinal nerves, and on the other giving off

filaments which form plexuses around the arterial trunks, and ramify
extensively to be distributed to the viscera.

(2013.) The sense of touch in aU the members of the class under
consideration must, from the nature of their integument, be extremely

imperfect : many of them, in fact, as for example the Serpent tribes, are

absolutely deprived of any limbs which can be regarded as tactile organs

;

and even .in those forms which are provided with efficient locomotive

extremities, these are but ill adapted to exercise the functions of an
apparatus of touch.

3 c
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(2014.) Tho cuticular investments of the body are formed of dense

and unyielding materials, consisting, in tho higher lleptilcs, of broad

horny plates or of imbricated scales. In tho Amphibia, indeed, the

skin is smooth, and the epi-

dermis only forms a delicate

corneous film
;
yet even in

those the cuticle is thrown

off at certain seasons of

the year, as the old coat

becomes too small for tho

increasing size of the ani-

mal,—a phenomenon which

in the Lizard and Serpent

tribes is stiU more remark-

ably witnessed; for these

animals strip themselves of

their old scales as the hand

would be drawn out of a

glove, and cast away in one

piece the entire epidermic

integument, even to the film

which covers the transparent

cornea of the eye.

(2015.) The urinary ex-

cretion in Reptiles becomes

of very considerable impor-

tance, and the structure of

the kidneys and excretory

ducts proportionately elabo-

rate. The kidneys (fig. 501,

o) are generally situated

very far back, even within

the cavity of the pelvis

where a sacrum exists, as

in the Chelonian and Sau-

rian orders; and in these

tribes they are very par-

tially covered by the perito-

neum, being firmly imbedded

in the sacral region. But in

the Serpents, in consequence

of the elongated form of the body and the complete flexibihty of every

portion of the spine, the kidneys are peculiar both in their position and

general structure. Instead of being placed upon the same level as in

other Yertebrata, the right kidney of an Ophidian is situated much
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more anteriorly than the left,—a circumstance which much facilitates

the packing of the abdominal viscera, and contributes greatly to ensure

the free movements of the vertebral column at this place. For the same

reason, the kidneys of a Serpent are divided into numerous lobes, placed

in a longitudinal series upon the outer side of the commencement of the

ureter, and loosely connected to each other and to the spine by cellular

tissue and a fold of the peritoneum.

(201 6.) With regard to the minute structure of the kidneys in the

Eeptilia, these viscera are invariably composed of convoluted tuhes,

which pour their secretion into the commencement of the corresponding

lu-eter. The ureters, of course, vary in length according to the position

of the renal organs
;
they ultimately terminate in the cloaca (fig. 501, u)

—a cavity or general outlet through which, in the female, the ova, the

fffices, and the urine are discharged, and which in the male gives passage

to the contents of the rectum, the secretion of the kidneys, and the

semen.

(2017.) In connexion with the urinary apparatus of Eeptiles, it will

be convenient to mention a bladder that exists in Chelonian and Am-

phibious reptUes, and is also found in some Saurian tribes, to which the

name " urinary bladder " has been erroneously applied. This bladder,

in the Tortoise (fig. 501, a) and Proteus (fig. 488, q), is of considerahle

size, and in the Frog forms a very capacious receptacle, having its upper

part divided into two cornua. It is generally filled with a clear limpid

fluid, which in the case of the Frog is forcibly ejected if the animal be

alarmed ; but that this fluid is not urine is obvious from the fact already

stated, that the ureters open into the cloaca (fig. 501, u), and not into

the bag referred to ; the latter, in fact, is the unobliterated remains of

the allantois of the emhryo, concerning which further particulars will

be given in the next chapter ; and the fluid contained in it is most pro-

bably the product of cutaneous absorption*.

(2018.) In tracing the development of the generative apparatus

through the different orders of Reptiles, the student will not fail to

observe many beautiful illustrations of progressive improvement.

(2019.) The finny tribes, incapable of social intercourse, were content

with the simple extrusion of their eggs into the sea, leaving them to be

impregnated by the casual approach of a male of the same species ; hut

even in the Amphibious reptiles some steps are gained in associating

the sexes with each other ; and although the eggs are stiU impregnated

out of the body of the mother, in the Frog this is accomplished in exitu,

and not subsequent to their expulsion.

(2020.) Frogs, during the breeding-season, are found to pair ; and

the male having selected his mate mounts upon her hack, clinging to

her with unwearying pertinacity during the whole period of oviposition,

* Vide Cyclopsedia of Anatomy and Physiology, art. Amphibia, by Professor

Bell, p. 104.

3 c 2
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and vivifying lier oggs by tlio aspersion of the seminal secretion as they

are successively expelled in long gelatinous chains. During this pro-

tracted embrace the male Frog is assisted in retaining his hold by the

development of a peculiar papillose structure upon the first toes of the

fore feet, which disappear at the end of the time appropriated to repro-

duction. Of course no intromittent apparatus is as yet required, and

we may naturally expect to find the male organs still exhibiting great

simplicity of construction.

(2021.) The testes and their excretory ducts, in fact, are the only

parts as yet met with ; but the anatomy of these parts, although most

accurately investigated by Swammerdam upwards of a century ago, is

still very generally misunderstood. The testicles are situated in the

loins, surrounded by several tongue-like masses of fat presenting a

peculiar granulated appearance. Each testis is invested by a delicate

capsule ; and on removing this very carefuUy, the entire viscus is seen

to be made up of short caeca, the blind extremities of which alone

appearing at the periphery of the organ caused Cavier to describe it as

being " an agglomeration of little whitish grains interwoven with blood-

vessels." The semen elaborated by these caeca is taken up by several

small excretory ducts, that pierce the kidney (in the immediate vicinity

of which the testis lies) and open into the ureter, that here forms the

common excretory duct whereby the urine and the seminal fluid are dis-

charged, both escaping into the cloaca at a little distance from the

orifice of the allantoid bladder, to be ultimately ejected through the

vent.

(2022.) Neither is the generative system of the female Frog less

worthy of notice. The ovaria resemble in their essential structure those

of the Lamprey (§ 1851) ;
only they are much less extensive, consisting

of a few festoons of the highly vascular membrane wherein the ova are

secreted, fixed at the pelvic extremity of the abdominal cavity. On

each side of the body is a long and very tortuous oviduct, which when

unravelled is found to be many times the length of the animal. The

fimbriated commencement of this oviduct is firmly bound down by folds

of peritoneum in the immediate vicinity of the pericardium, and, of

course, as remote as possible from the ovary ; it therefore becomes a

question of no inconsiderable interest to determine the manner in which

the ova are conveyed from the ovarian nidus to the orifice of the oviduct.

It is obvious that they must first break loose into the abdominal cavity,

as we found them to do in the Lamprey and the Eel, and that at length,

having made their way into the neighbourhood of the pericardium, they

are seized by the patulous extremity of the Fallopian tube, and thus

conveyed out of the body. As the ova make their transit through the

oviduct th€y become imbedded in a tenacious albuminous secretion, and

at length lodged in a dilated portion of the tube, to which the name of

uterus has been very improperly given, preparatory to their expulsion
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through the cloaca. After the eggs have been discharged into the sur-

rounding water, the albuminous mass in which they are imbedded

swells considerably; and when the young tadpoles are hatched, this

material no doubt serves to nourish them during the earlier period

of their existence.

Fig. 500.(2023.) In the Newt (Triton)

impregnation takes place inter-

nally—although the male is still

without any rudiment of an in-

tromittent apparatus, so that we

are compelled to believe that in

the case of these Amphibia the

simple ejection of the male fluid

into the water in the vicinity of

the female is sufficient to ensure

its admission to the ova while

stiU in the oviduct. An improve-

ment is likewise visible in the

construction of the internal vis-

cera subservient to generation;

and a vas deferens, quite distinct

from the ureter, makes its appear-

ance. In the male Salamander

(Triton cristatus) the testis during

the breeding-season consists of

two pyriform masses, from which

the seminal ducts (fig. 500, c, c)

are derived. These soon unite to

form a single convoluted tube (d)

through which the semen is con-

veyed into the cloaca. The kid-

neys (n) and their excretory ducts

(i) are here placed considerably

further back ; but the ureters ter-

minate in the cloaca at the same

point (?n) as the vasa deferentia.

Two other large glands (o) are

apparently connected with the generative functions ; and their excretory

ducts likewise open into the cloaca! outlet.

(2024.) In the female Triton, as also in the Proteus and Siren, the
ovaria and oviducts offer precisely the same arrangement as that met
with in the Frog, already described*.

(2025.) In the Ophidian, Chelonian, and Saurian orders, the testes

* Vide RiiHconi, Observations anatomiques sur la Sirene, mise en parallele uvec
Ic Protcc et le Tetard de la Salamandre aquatique. Pavio, 1837.

Generative organs of the male Salamander

:

a, lung; b, cBsophagns; c c, testis; d, vas
deferens ; m, termination of the vas deferens
in the cloaca; n, allantoid bladder; o, kid-

neys; ey, intestine; g A, liver; i i, abdominal
cavity.
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of the male sex are situated in the loins ; and in fact they occupy the

same position throughout the oviparous Vertehrata: they offer no

peculiarity of structure, only differing from those of the Frog in the

increased length of the now contorted seminal caeca of which they are

essentially composed. From each testis a long and flexuous vas deferens

conducts the semen into the cloaca. Here, however, in these more

elevated forms of the EeptiHa, we have another important addition to

the male sexual apparatus—instruments being given to facilitate the

impregnation of the female during that union of the sexes which now

becomes essential to fecundity. The earliest appearance of the copula-

tory organ is seen in Serpents and in the Lizard tribes ;
and in such

reptiles it will be observed that the penis is rather a provision for

securing the juxtaposition of the sexual apertures of the male and female

than an instrument of intromission. The two lateral halves of the penis

(or corpora cavernosa, as we shall have to call them hereafter, when they

become conjointed in the mesial line) are as yet quite separate, and placed

at each side of the cloacal fissure, from which they protrude when in a

state of erection, so that there appear to be two distinct organs of

excitement, or, more properly speaking, of prehension; for each division,

being of course imperforate, is covered with sharp spines, and is ob-

viously rather adapted to take firm hold of the cloaca of the female

than to form a channel for the introduction of the seminal fiuid.

(2026.) In the Chelonian Reptiles the penis is much more perfectly

developed, and really constitutes a very efBicient intromittent instrument.

The two corpora cavernosa, after commencing separately, approach each

other, and become united along the mesial Kne so as to form a single

organ of considerable size, terminated at its extremity by a glans-

Hke dilatation. There is, however, no corpus spongiosum, nor urethral

canal properly so caUed ; the latter is represented by a deep groove,

which runs along the upper surface of the penis from the cloaca to the

extremity of the organ; and it is along this groove that the spermatic

fluid is conveyed during coitus.

(2027.) On making a section of this strange apparatus, two canals

are discovered, running one on each side of the central furrow, along

the whole length of the organ as far as the glans, where they terminate

without at aU communicating with the exterior ; but on tracing them

in the opposite direction, they are found to be derived from the perito-

neal cavity, into which they open by distinct orifices *

(2028 ) Two retractor muscles, derived from the pelvis, and extend-

ing along the under surface of the penis quite to its extremity, fold the

whole organ back into the cloaca, where it lies concealed when not

(-2029 ) In the Crocodiles and higher Saurians the penis in its struc-

ture resembles that of the Tortoise ; and instead of a urethra, there is

* Cuvier, Anat. Oomp. torn. v. p. 115.



OVIDUCT OF TOETOISE. 759

Fig, 501.

merely a deep groove traversing the upper surface of tlie organ, along

whicli the semen trickles out of the cloaca.

(2030.) Throughout all the Keptile families the organization of the

female generative system is so extremely similar, that one example will

be abundantly sufficient for our

purpose, the same description,

in fact, being equally applicable

to the Saurian, the Chelonian,

and the Ophidian orders. The

ovaries occupy their ordinary

position in the lumbar region

of the abdomen, vt^here they

are attached on each side of the

vertebral column by a broad

fold of peritoneum : their struc-

tui-e is in all essential points

precisely similar to those of the

Amphibia; but, owing to the

increased proportional size of

the individual ova formed by

their vascular membrane, they

resemble a string of beads, or

assume somewhat of a racemose

appearance. The oviducts are

long and flexuous
;
they com-

mence by a wide orifice (fig,

501, 6), by which the germs

are taken up from the ruptured

ovisacs of the ovaria in the

same way as those of Mammalia

are seized by the fimbriated

extremities of the Fallopian

tubes. The first portion of the

oviduct is thin and intestini-

form ; but lower down, where

the investments of the egg are

formed, its walls become thicker, and assume a glandular character

(nop)', they finally open into the cloaca ; and the mode of their ter-

mination in the Tortoise is exhibited in the accompanying figure, where

m e indicates the terminal portion of the right oviduct laid open, the

left (a b) being shown through its entire length.

(2031.) The formation of the egg and the development of the embryo

are similar in all the oviparous Vertebrata ; it will therefore be liiore

convenient, and prevent unnecessary repetition, if we defer the consi-

deration of this important subject to the next chapter,—the reader

Oviduct and ovum of female Tortoise. (After

Bojanus.) b. Infundibular commencement of

the oviduct; n o p, interior of the oviduct;

q r s t, egg; a, terminal portion; «, aper-

ture whereby the canal of the oviduct opens

into the cloaca ; m, termination of the right

oviduct, showing at e its communication with

the cloacal cavity; A, bladder; 0, kidney;

V, ureter.
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bearing in mind that in all essential particulars the details which will

be given there, when we come to consider the growth of the Bird in ovo,

are equally applioable to the Chelonian, Ophidian, and Saurian lleptiles.

CHAPTER XXVII.

AVES (BIRDS).

(2032.) The class of Vertebrate animals which now offers itself to

our notice contrasts remarkably with the cold-blooded and apathetic

inhabitants of the water, and even with the slow-moving Reptile, that

languidly crawls upon the surface of the ground, or drags on an amphi-

bious existence in the marsh or on the shore. The Bird, ordained to

soar into the regions of the air, and not only to sustain itself in that

thin medium, but to skim from place to place with astonishing rapidity,

needs a strength of muscle and activity of limb even greater than that

conferred upon the mammiferous quadruped. Senses of the utmost

aeuteness are now requisite, combined with instinct and intelligence

of a high order ; and accordingly, both as regards their faculties and

enjoyments, the feathered tribes far surpass the other oviparous Verte-

brata.

(2033.) Next to that improvement in the condition of the nervous

system, which we have all along been able to trace advancing pari passu

with the increase of sagacity and the expansion of the bodily faculties,

the most remarkable circumstance observable in the economy of Birds

is the elevated temperature of their bodies and the heat of their circu-

lating iiuids. In the reptile an impure and semioxygenized blood was

slowly propelled through the system from the undivided ventricle of

their trilocular heart; and we found their energies, their instincts, and

their affections proportionately feeble and obtuse ; but now, not only

does the heart become divided into foux cavities (one ventricle being

appropriated to transmit venous blood to the lungs, while the other

drives a pure and highly arteriaKzed fluid in copious gushes to the

remotest regions of the body), but as though even this was not suffi-

cient to meet the necessities of the case, the whole interior of the Bird

is permeated by the atmospheric air, which penetrates even into the

bones ; and the respiratory function being thus rendered as complete as

possible, all parts of the muscular system are abundantly suppHed with

blood arterialized to the utmost, and every fibre, quivering with life

intense, is ready to exert that vigorous activity which brings down the

falcon upon his quarry like a thunderbolt from the clouds, or sustains

the migratory bird through long and perilous journeyings.
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(2034.) But increase of muscular energy is by no means the only

consequence resulting from more perfect respiration and a consequently

increased temperature of the blood : the clothing of the body must now

be changed for a warmer covering than scales or horny plates ;
feathers

are therefore at once provided, as the lightest, warmest blanket that

could be given: maternal care, which to the cold-blooded Ovipara

Avould have been a useless boon, can now be beneficially exercised ;
the

eggs, no longer left to chance, are cherished by the vital heat of the

parent ; and the eaUow brood, during the first period of their lives, are

dependent for support upon the watchful attentions of the beings from

whom they derived their existence.

(2035.) The skeleton of a vertebrate animal formed for flight must

obviously be constructed upon mechanical principles widely different

from any that have yet come under our notice. The utmost lightness

is indispensable ; but still, in a framework which has to sustain the

action of muscles so vigorous, strength and firmness are equally essen-

tial: it is in combining these two opposite qualities that the human

mechanician displays the highest efforts of ingenuity, and by the scientific

disposition of his materials exhibits the extent of his resources and the

accuracy of his knowledge ; but let the best-informed and most inge-

nious mechanic carefuUy and rigidly investigate the skeleton of a bird,

and we doubt not that in it he will find all his art surpassed, and derive

not a little instruction from the survey,

(2036.) In the spinal column of a bird we find three principal

regions, each of which will merit distinct notice.

(2037.) The anterior or cer\ical region is exceedingly variable in its

proportional length, and forms the only flexible portion of the spine

:

it performs, indeed, the offi^ce of an arm, at the extremity of which the

beak, the chief instrument of prehension, is situated. The number of

vertebraB entering into the composition of this part of the spinal column

is very variable : in the Swan there are as many as twenty-three ; in

the Crane nineteen ; while in the little Sparrow nine only are met

with : their bodies are joined together by articulating facets enclosed

in synovial capsules, and not by the interposition of intervertebral sub-

stance ; an interarticular cartilage, however, is generally met with, by

which the movements of the chain are facilitated. The spinous and

transverse processes are short ; while the oblique processes, united by
articulating surfaces, limit the mobility of the neck.

(2038.) Although this portion of the spine is very properly designated

the " cervical region," we are not on that account to imagine that the

vertebrtE composing it are unprovided with ribs : on the contrary, rudi-

mentary costal appendages are generally found connected with their

transverse processes, which in the young bird are obviously separate

elements, although they afterwards become united by anchylosis.

(2039.) But if flexibility is thus abundantly provided for in the
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cer^'ical portion of the vertebral column, it is quite evident that in the

thoracic portion of the skeleton, which has to support the framework of

the wings, and sustain the efforts of the muscles connected with flighty

firmness and rigidity become essential requisites ; and accordingly every

thing has been done to prevent those movements which in the neck were

so advantageously permitted. The bodies and spinous processes of the

contiguous vertebrae are therefore here firmly consoHdated together by

anchylosis
;
and, moreover, splints of bone, derived from the transverse

processes, overlap each other and still further add to the stability and

strength of the back.

(2040.) The ribs appended to the dorsal vertebrae may be called the

true ribs ; these enter into the composition of the thorax, and materially

assist in strengthening that region. Each rib, as in the Crocodile, pre-

sents a dorsal and a sternal portion, connected together by a joint : the

former are attached to the vertebrte by a double articulation, their

spinal extremity being furcate ; while the latter are articulated to the

sides of the sternum. A thorax is thus formed possessing sufficient

mobility to perform the movements connected with respiration, but still

affording a strong base to support muscular action ; and in. order to

give the greatest possible strength, from the posterior margin of each

dorsal rib a broad flat process is prolonged backwards and upwards to

overlap the rib next behind, so as in this manner to bind the whole

together into one strong framework.

(2041.) The sternum itself is developed in proportion to the enormous

size of the three pectoral muscles which constitute the great agents in

flight : it is principally composed of the central azygos element before

noticed in the Tortoise, which is here remarkably dilated, and in birds

of flight prolonged inferiorly into a deep keel-like process, so as to

increase materially the extent of surface from which the muscles of the

breast take their origin ; but in the cursorial genera, such as the Ostrich,

the Emu, &c., where the wings are not available for flying, the keel is

entirely wanting, and the sternum forms merely a kind of osseous shield,

covering comparatively a very small portion of the breast.

(2042.) Whoever considers the position of the hip-joint in the fea-

thered tribes, and reflects how far it is necessarily removed behind the

centre of gravity when the bird walks, carrying its body in a horizontal

position, will at once perceive that the pelvic portion of the spine,

having to sustain the whole weight of the trunk under the most un-

favourable circumstances, and at the same time to give origin to the

strong and massive muscles wielding the thigh, must be consolidated

and strengthened in every possible manner, and that even the slight

degree of movement permitted in the dorsal region would here be inad-

missible. The lumbar and the sacral vertebrae, and the entire pelvis,

are therefore at an early period solidly united together by anchjdosis

into one bone, and the number of vertebrae composing this part of the
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skeleton is only distinguishable from the situation of the intervertebral

foramina through which the spinal nerves are given off. In very

young birds the pelvis is
-p^^ gQ2_

evidently formed by

the three elements that

usually enter into its

composition ; and the

ilium, the ischium, and

the pubis, as vs^ell as the

ischiadic notch and obtu-

rator foramen, will all

be at once recognized by

the anatomist, occupying

their usual relative posi-

tions, although he will

not fail to notice one re-

markable circumstance,

namely that, except in

one instance (the Ostrich),

the ossa pubis do not

meet in front, so that

there is no pubic arch or symphysis.

(2043.) The anterior extremity of a bird, although an instrument

of flight, is found, when stripped of those feathers and long quills that

Skeleton of Eagle.

Fig. 503.

Wing of Bird ; 6, the scapiila
; d, furculum formed by the conjoined clavieles; f, humerus

;

(/, ulna ; h, radius ; p, oleci-anon ; t, carpus ; k I, metacarpus
;
m, o, phalanges of the largest

finger ; n, single phalanjc forming the second linger.

form the extensive surface presented by this member during life, still

closely to adhere to the general typo in accordance with which this

part of the skeleton is invariably constructed. The framework of the



764 AVES.

shoulder exhibits the scapula (fig. 503, b), the clavicle (d), and the coi-a-

coid element (c), notwithstanding that these bones, forming, as they

do, the basis of a limb so vigorous, and wielded by such powerful

muscles, are necessarily modified in their form and general arrange-

ment, so as to constitute strong buttresses adapted to keep the shoulder-

joint firm and steady during flight. The scapula (6) is a long and

slender bone placed upon the ribs, and lying parallel to the spine along

the dorsal region of the thorax, imbedded in the muscles to which it

gives attachment, whUo at its fixed extremity it assists in fonning the

cavity of the shoulder-joint. The coracoid bone (c) is the great support

of the shoulder ; for while at one extremity it sustains the wing, at

the opposite it is firmly and securely united to the sternum by a broad

articulation. But the most peculiar element of this apparatus is the

furculum, or forked bone (d), composed of the conjoined clavicles,

which, being anchylosed together in the mesial line, and also strongly

connected with the shoulder-joint, materially add to the stability of

the whole.

(2044.) In the wing itself, ihe humerus (/) is at once recognized, as

also the ulna (g) and the radius (7t). But in some birds, as in the

Penguiu, the student might be at a loss to identify one or two small

bones (p), forming a kind of patella to the elbow-joint ; these appear

to be the representatives of the olecranon process, detached from the

ulna. The carpus (i) consists of only two small bones. The metacarpus

is formed of two pieces (Jc, I), anchylosed together at their two extremi-

ties ; and these, with two, or in some cases three rudimental fingers,

complete the wing. The largest finger consists of two, or sometimes

three phalanges (m, o) ; a second (n) offers but a single joint ; and the

third, which is a mere rudiment when present, is an appendage to the

radial side of the carpus.

(2045.) In the pelvic extremity (fig. 502) the femur is a short and

strong bone ; to this succeeds the tibia, upon the outer side of which is

fixed a nidimental fibula. The tarsus can scarcely be said to exist,

being at a very early age confused with the metatarsm—the whole

forming a single tarso-metatarsal bone, which, in the Wading Birds

especially, is of great length. At its distal extremity are three articular

surfaces that support the three anterior toes, while a fourth toe, the

Mllucc, directed backwards, is attached to it posteriorly by the interven-

tion of a small accessory piece ; and in Gallinaceous Birds an osseous

spur, consolidated with the posterior face of the tarso-metatarsal bone,

is generally regarded as a fifth toe.

(2046.) The number of toes varies in difi'erent tribes of birds. Thus

in the Ostrich there are only two : in many genera there are three ;
in

by far the greater number, four ; and in the Oallinaceo}, five. But wliat-

ever the number of toes may be, the number of phalanges peculiar to

each is remarkably constant : thus the outermost toe always consists of
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five phalanges, the fourth toe invariably of four, the third as con-

stantly of three ; the second, when it exists, has only two ;
and, lastly,

in the sjmr or innermost toe there is but a single piece.

(2047.) So rapidly is the process of ossification accomplished in the

skeleton of a bird, that it is only in very young animals that the indi-

vidual bones or elements composing the cranium can be identified, as the

sutures speedily become obliterated : when, however, they are examined

under very favourable circumstances, as for example in the skull of a

young Ostrich, it is by no means difficult to distinguish them, and, by

comparing them with those of other Vertebrata, to observe the modifi-

cations they have undergone both in form and position. In the annexed

figure the principal pieces, both of the cranium and face, have been in-

dicated by the same figures as were used to point out the correspondent

bones in the skulls of the Crocodile (fig. 480) and the Serpent (fig. 483) ;

so that it would be needless again to enumerate them in this place.

Fig. 504.

Stull of a young Ostrich.

(2048.) The muscular system of the feathered tribes, as far as ac-

tivity and energy of motion is concerned, contrasts strikingly with that

of the Vertebrata we have as yet considered
;
for, with the exception of

Insects, no animals in creation are comparable to Birds, either in the

vigour or velocity of their movements.

(2049.) This perfection of muscular power, which is obviously essen-

tial to enable the bird to sustain itself in the air and there perform the

varied evolutions connected with flight, is no doubt mainly connected

with the highly arterialized condition of the blood and the complete-
ness of the respiratory apparatus. Neither is it uninteresting to observe

that, while respiration was effected in the Insect by the admission of air

to every part of the system by means of tracheal tubes, in Birds like-

wise the air freely penetrates to the interior of the body, and, as we
shall afterwards find, is there most extensively diffused.
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(2050.) In the construction of the alimentary system, there are

many interesting peculiarities to invito our notice. Their mouth con-

stitutes the apparatus Avhereby the prehension of food is accomplished :

it is in no instance provided with teeth, or adapted to masticate food,

but forms a beak encased in a dense, horny sheath, which, from the

varieties of form that it assumes in different genera, becomes adapted

to very various purposes.

(2051.) In the Rapacious tribes, for instance, the bill is a strong and

formidable hook, calculated to tear in pieces the animals devoured. In

Granivorous birds, it is a simj^le forceps for picking up the seeds of

vegetables. In the Snipe and the Curlew it forms a probe, whereby

insects are extracted from the soft and marshy ground. In the Parrot

it is partially an assistant in climbing, as well as an organ for sei^iing

food; and, not to mention innumerable other modifications, in the

Flamingo and Duck tribes it constitutes a shovel, by the aid of which

alimentary matters are obtained.

(2052.) The sense of taste, even in these highly gifted animals, is as

yet but very imperfectly developed ; and their tongue, instead of being

soft and flexible, as in the Mammalia, is supported by one or two bony

pieces, derived from the os hyoides (fig. 505), and covered with a horny

Fig. 505.

Hyoid apparatus of a bird.

sheath, obviously ill adapted to gustation, but simply assisting in the

deglutition of food. We must not be at all surprised, therefore, if even

in birds the tongue is convertible into various instruments assisting in

the apprehension or preparation of nourishment :
thus in the Parrot

it is a thumb, opposable to the upper mandible, and eminently serviceable

in holding and turning nuts or morsels of fruit ; in the honey-eating

tribes the tongue is armed at its extremity with a tuft of horny filaments

resembling a camel-hair pencH, which, being plunged into the beU of a

flower, sucks up the nectar from the bottom ; and in the Woodpecker

it is absolutely converted into a harpoon, whereby the insect is speared

in its lurking-place and dragged into the mouth.

(2053.) In most birds, in consequence of the very small size of the
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Fig. 506.

cavity of the stomach, or gizzard, as it is generally called, some other

receptacle for the aliment becomes indispensable; and accordingly

various provisions have been made for lodging food in sufficient quan-

tities in situations where it may bo retained until the gizzard is ready

to receive it. In birds that catch insects on the wing, this is most con-

veniently effected by dilating the fauces and upper part of the throat

into a capacious chamber, wherein the insects as they are seized accu-

mulate : this is remarkably the case in the Swifts. In the Pelican a

very peculiar plan is adopted : the beak is amazingly prolonged, and be-

neath the lower jaw is suspended a wide pouch, formed by the skin of

the throat, wherein large quantities of fish may be contained and carried

about. In other fishing-birds the whole oesophagus is extraordinarily

capacious, and will hold a considerable supply ; but the most usual ar-

rangement in birds requiring such a reservoir is the existence of a crop,

or dilatation of some part, of

the gullet into a wide bag (in-

gluvies), wherein grain or other

substances hastily picked up

may be stored preparatory to

digestion. After expanding

into the crop in those birds

that possess this cavity, the

oesophagus again contracts to

its former dimensions (fig. 506,

a) ; but just before terminating

in the gizzard, it again dilates

to form a second but smaller

cavity (6), called the proven-

triculus, or hulbus glanclulosus,

in which the food undergoes

further preparation. The waUs
ofthe proventriculus are thickly

studded with large glandular

follicles, variously disposed,

from which a copious secre-

tion of " gastric juice,'^ as it is

called, is poured out and mixed

with the aliment. Having,

therefore, undergone maceration in the juices of the crop, and become
subsequently saturated with the gastric which that constitutes so import-
ant an agent in digestion, alimentary substances are at length received
into the gizzard (c), where further preparation is neeessaiy.

(2054.) The gizzard in such birds as feed upon vegetable substances
is an organ possessing immense strength, and constitutes, in fact, a
crushing-mill, wherein nutritive materials are bruised and triturated.

Gizzard of a bird : a, cesophagus ; 6, proven-
triculus ; c d, muscular walls of the gizzard

;

e, intestine.
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Its cavity is very small, and lined -with a dense coriaceous cuticular

stratum ; and its substance is almost entirely made up of two dense and

enormously powerful masses of muscle, the fibres of which radiate from

two central tendons (fig. 506, c), situated upon the opposite sides of the

viscus. The action of these lateral muscles will obviously grind and

crush with great force whatever is placed in the central cavity,—a pro-

cess that is materially expedited by the presence of hard and angular

pebbles, swallowed for the purpose, by the assistance of Avhich the con-

tained food is speedUy comminuted.

(2055.) Another and much feebler set of muscles (d) bound the

cavity of the gizzard in the intervals between the great lateral masses,

and, receiving the food from the proventriculus, perpetually feed this

living mill, and retain the material to be ground within the influence of

the crushers until it is properly prepared, when other fibres, acting the

part of a pylorus, allow it to pass on into the duodenum (e).

(2056.) The intestinal canal of Birds is, as in other classes, very

variable in its length as compared with that of the body ; its calibre

is pretty equal throughout, and the division into large and small

intestines can scarcely be said to exist. Commencing from the pylorus,

the duodenum (fig. 507, d h) is always found to make a long and very

characteristic loop, embracing the lobes of the pancreas (e e) ;
and then,

after sundry convolutions, the intestine is continued to its termination

in the cloaca. The division between the large and small intestines is

indicated by the presence of one, or more generally two, csecal append-

ages, which communicate with the cavity of the gut at no great distance

from its cloacal extremity.

(2057.) In Birds, the auxiliary secretions subservient to the digestive

process are the salivary, the gastric, the hepatic, and the pancreatic.

(2058.) The salivary apparatus varies much in structure and dispo-

sition in different tribes. In its simplest form it consists of distinct

secerning foUicles, placed immediately beneath the mucous membrane

of the mouth, into which the secretion is poured by numerous orifices.

In the Gallinaceous birds the glands assume a conglomerate character.

In the Turkey there are two pairs*: the first pair forms a cone, having

its apex directed towards the extremity of the beak; and the two glands

of the opposite sides touch each other along the mesial Une through

almost their entire length, filling up anteriorly the angle of the lower

iaw These glands are situated immediately beneath the skm, but m

front they touch the mucous membrane of the mouth ;
and their secre-

tion is poured into the buccal cavity by several orifices. The second

pair of glands is smaUer, of an elongated form, and is placed above the

posterior third of the former ; this is immediately in contact with the

mucous lining of the mouth.
v

(2059.) In the Woodpeckers the glands that secrete the fluid whereby

* Ouvier, Le9on8 d'Anat. Comp. torn. iii. p. 221

.
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the tongue is lubricated arc of very considerable size. They pass

further back than the angle of the lower jaw, extending even to be-

neath the occiput ; and their secretion, which is viscid and tenacious,

enters the mouth by a single orifice situated under the point of the

tongue.

(2060.) In the generality of birds, however, there is only one pair of

salivaiy glands; and these, in many cases, seem to be united into a

single mass, separated posteriorly into two lobes, and situated beneath

the palatine membrane, behind the angle of the rami of the lower jaw.

From these glands a thick, white and viscid fluid is poured into the

mouth through numerous orifices, principally disposed along the mesial

line which separates the two glands.

(2061.) "We have abeady spoken of the gastric glands which densely

stud the coats of the proventriculus and furnish the " gastric juice,"

and therefore pass on to notice the other subsidiary chylopoietic viscera,

namely the liver, the pancreas, and the spleen.

(2062.) The liver is a viscus of considerable magnitude, consisting of

two principal lobes, and firmly suspended in situ by broad ligaments and

membranous processes. The vena portce, supplying that venous blood

from which the bile is elaborated, is formed by vessels derived from

numerous sources, receiving not only the veins of the stomach, spleen,

and intestiues, as in Mammalia, but likewise the renal and sacral veins,

—

another proof, if any were wanting, that no arrangement by which the

decarbonization of the blood can be facihtated has been omitted in the

organization of the class before us. The hepatic arteries and the hepatic

veins present nothing remarkable in their disposition ; but the course of

the bile from the liver into the intestine merits our notice. Two sets

of ducts are provided for this purpose : the first (fig. 507, i) carries

the bile from the liver into the gall-bladder {g), from which another

duct conveys the bilious fluid into the duodenum ; but the second set of

bile-vessels conduct the secretion .of the liver at once into the intestine,

by a wide canal (o) that has no communication whatever with the

gall-bladder. There is, therefore, no arrangement like that of the

" ductus communis choledochus " of Mammals : if the bile is wanted im-

mediately, it passes at once into the intestine through the duct o ; but

if digestion is not going on, it is conveyed into the gall-bladder through

the duct i, to be there retained untO. needed.

(2063.) The pancreas (fig. 507, e e) ia a conglomerate gland of con-

siderable size, situated in the elongated loop formed by the duodenum :

it generally consists of two portions more or less intimately connected

;

and from each portion an excretory duct (n) is given off ; these two
ducts terminate separately in the intestine, in the immediate vicinity of

the openings of the bihary canals. In some birds even three pancreatic

ducts are met with, as is the case in the common Fowl ; but under such

circumstances the third duct, instead of opening into the intestine at

3 D
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the same point as the other two, issues from the opposite extremity of

tho pancreas, and enters the middle of the duodenum, at the place where

the gut turns upon itself.

Fig. 507.

Dieestive apparatus of a Fowl: a, oesophagus; 6, proventrioulus ; c, gizzard; ^,
duodenum ;

e e pancreas; /, spleen; <?, gall-bladder; i, bile-duct opening into the gall-bladder; o, second

bile-duct opening directly into the intestine ; n, pancreatic duct; h, intestine.

•

(2064.) The spleen (fig. 507, /) is of' very small size in all birds
;

it

is situated near the anterior extremity of the pancreas, and is loosely

connected to the side of the proventrioulus (6). The distribution of its

vessels and its general structure are the same as in Mammalia.

(2065.) The lymphatic system is well developed ; and the course of

the lymphatic vessels has been investigated with great care by various

anatomists. The vessels themselves are thin, and have but few valves

;

they principally accompany the larger blood-vessels from all parts of

the body to the aorta, around which they form a plexus, and ultimately

join to give rise to two principal trunks, or tJioracic ducts ;
these termi-

nate severally in the right and left jugular veins; and into these vessels

the greater proportion of the lymph and chyle absorbed is of course

poured, to be mixed with the circulating blood.
_

(2066.) Before describing the circulatory apparatus of Birds, it will



EESPIRATOEY SYSTEM. 771

be advisable in the next place to consider tbo nature and disposition of

tbeir organs of respiration, wMch, from what has been already stated

concerning the heat and purity of the blood in these creatures, we are

prepared to find presenting the highest possible condition of develop-

ment. Birds, in fact, breathe not only with their lungs, but the vital

element penetrates every part of the interior of their bodies, bathing

the surfaces of their viscera and entering the very cavities of their

bones ; so that the blood is most extensively subjected to its influence.

The lungs, in fact, are no longer closed bags as those of Eeptiles are,

but rather resemble spongy masses, of extreme vascularity, firmly bound

down in contact with the dorsal aspect of the thorax—their posterior

surface being fixed to the ribs on each side of the vertebral column, and

entering deeply into the intercostal spaces. Such lungs are obviously

incapable of alternate dilatation and contraction ; so that inspiration and

Fig. 508.

Inferior larynx and lungs cif a bird.

expiration must be provided for by a mechanism specially adapted to

the emergency. Prom an examination of fig. 508, the arrangement
adopted will easily be understood. The bronchi derived from the bifur-

3 D 2
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cated inferior extremity of the trachea plunge into the anterior face of

the lungs (c, c), and by innumerable canals distribute air throughout

their spongoid substance ; but the main trunks of the bronchial tubes,

passing right through the pulmonary organs, open by wide mouths,

represented in the figure, into the cavity of the thorax, into which the

air likewise freely penetrates. The whole thoracico-abdominal cavity

is moreover divided by septa of serous membrane into numerous inter-

communicating cells, all of which are freely permeated by the atmo-

spheric fluid, which in most instances is admitted into the very bones

themselves, and even penetrates to the interspaces between the muscles

of the neck and limbs, thus, in some birds of powerful flight, gaining

free access to almost every part of the system.

(2067.) The mechanism by which the air is drawn into, and then

expelled from, this extended series of respiratory cells is sufficiently

simple, the whole being accomplished by the movements of the ex-

panded sternum, assisted slightly by the abdominal muscles. The

descent of the sternum from the vertebral column necessarily enlarges

the capacity of the chest, and, acting like a great beUows, sucks in air

through the trachea, which not only fiUs all the spongy substance of

the lungs, but penetrates to all parts whereunto air is admitted; while

the ascent of the sternum, and consequent contraction of the thoracico-

abdominal space, alternately eff'ects its expulsion.

(2068.) The results obtained by this unusual arrangement are of

great importance in the economy of the feathered races. In the first

place, the perfect oxygenization of the blood is abundantly secured.

Secondly, from the high temperature of the blood, the air drawn in

becomes greatly rarefied, and thus materiaHy diminishes the specific

oravity of the bird. Thirdly, from the inflation of the whole body, the

muscles, more especiaUy those of flight, act with better leverage and

firmer purchase ; so that their efforts are materiaUy favoured. And,

lastly, it is owing to the capacity of the air-ceUs that the Singing Birds

are enabled to prolong their notes to that extent which renders them

preeminent among the vocalists of creation.

(2069.) In connexion, therefore, with the respiratory system of the

feathered races, it will be advisable, in the next place, to consider the

construction of the air-passages whereby the atmospheric fluid passes

into and out of the body, and more especiaUy of the organs of voice

connected with them.
,

(2070.) The trachea is of very great proportional length, m corre-

spondence with the elongated neck—commencing at the root of the

tongue, and extending into the thoracic cavity, where it divides into two

bronchial tubes, one appropriated to each lung (fig. 508, Z, I), ine

trachea of Birds is composed of cartilaginous rings, which are very

generally ossified-each ring, with the exception of two or toe mimc-

diately beneath the upper larynx, forming a complete circle (fag. oU J, a;
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surrounding tlio tracheal tubo : these rings are enclosed between the soft

membranes of the trachea, and thus keep the air-passages constantly

permeable to the atmosphere.

(2071.) In many birds, especially among the web-footed tribes, the

trachea suddenly dUates into wide chambers or cavities of different

forms and dimensions—a circumstance the object of which has not as

yet been satisfactorily explained ;
and, what is still more inexpHcable,

in some genera, and those, too, with the longest necks, as, for example,

the Wild Swan and many of the Wading birds, the lower part of the

trachea is lengthened out and variously contorted before it terminates

in the chest. This long trachea is provided with muscles whereby the

rings may be approximated ; and thus the length of the tube is con-

siderably modified: these muscles (fig. 508, a, b, Ji) arise from the

sternum, and sometimes also from the furcula, and are continued along

the sides of the windpipe throughout its whole length.

(2072.) The upper larynx, or rima glottidis, is in Birds but of

secondary importance in the production of vocal sounds : it is a simple

fissure bounded by two osseous pieces (fig. 509, a, b, /), correspond-

ing to the arytenoid cartilages of

Mammalia; these, however, in the Fig. 509.

Bird are not connected with chordce

vocales, but simply, as they are se-

parated or approximated, open or

close the fissure of the glottis. When,

therefore, we compare the frame-

work of this organ with the car-

tilaginous pieces found in the larynx

ofMammalia, considerable difference

is perceptible, insomuch that it is

not easy positively to recognize the

analogous portions, more especially

as in the Bird the cartilages are Cartilages of the superior raryns ofa bird

:

a, cartilaginous rings of the trachea ; 6, thy-

roid cartilage
;
c, c, e, pieces corresponding to

the cricoid cartilage ; /, f, arytenoid bones,

with which are connected the long processes

f. 3-

more or less completely ossified. If

the broad anterior plate (fig. 509, h)

be regarded as the thyroid carti-

lage, we must suppose the cricoid

to be represented by three distinct ossicles, two of which (c, c) are

lateral, while the third or central portion (e) supports the arytenoid

bones (/, /), which are moveably articulated with its anterior margin.

The arytenoid bones themselves are of an elongated form ; and each

presents a long process ((/., g) for the insertion of the muscles that act

upon them. These arytenoid bones are moved by two pairs of muscles

—the superficial pair {thyro-arytenoidei (fig. 510, b) serving to pull

assunder, while the more deeply-seated (constrictores glotticUsy fig. 510, a)

bring together the lips of the glottis.
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Fig. 510.

1

(2073.) It is in tho lower larynx, situated at the opposite extremity of

the trachea, at tho point where that tube gives oil' the bronchi, that the

real vocal apparatus of birds is situated ; and iu tho more perfect Singing

Birds a very important set of muscles is appropriated to perform those

delicate movements that regulate the

condition of tho air-passages at this

part, and thus give rise to aU the va-

rieties of tone of which the voice is

capable.

(2074.) In the Insessorial Birds, by

far the most accomplished songsters,

five pairs of muscles are connected with

the inferior larynx, and so disposed as

to influence both the diameter and

length of the bronchial tubes (fig. 508)

A, B, n, 0, z, s, h). In the Parrots,

three pairs only are met with*; some

of the Natatores have two ; other Na-

tatorial birds, as well as the Easores

and Grallatores, only one ; and in a

few, as the King of the Yultures and

the Condor, the vocal muscles are quite

deficient.

(2075.) Not only is the respiration

of these Idghly gifted Yertebrata thus abundantly provided for, but,

an immediate consequence of the necessity for supplying the system

with pure and highly oxygenized blood, the heart, hitherto but imper-

fectly divided, becomes now separated into two distinct sets of cavities,

each composed of an auricle and of a strong ventricular chamber. The

right side of the heart receives the vitiated blood from all parts of the

system, which is poured into the corresponding auricle by three large

veins, viz. one inferior and two superior vence cavce. The contraction of

this auricle drives the blood into the right ventricle,—the auriculo-

ventricular opening being guarded by a broad fleshy valve, formed by

the muscular substance of the heart itself; and hence the venous blood

is forced through all the ramifications of the pulmonary arteries.

(2076.) The aerated blood is then retui-ned from the lungs by two

veins, which pour it into the left auricle ; and the left ventricle, now

entirely appropriated to the systemic circulation, diff'uses it through the

body : thus, all mixture of the venous and arterial fluids being prevented,

the system is suppHedby the left side of the heart with pure and highly

vitalized blood.

(2077.) In the nervous system of Birds there is a very perceptible

improvement when compared with that of Reptiles, more especially iu

* Vide Yan-oU on tho Organs of Voice, in Birds (Linn. Trans, vol. xvi.).

Muscles of the superior laryux

of a bird.

as
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the increased proportional development of the cerebral hemispheres

:

still, however, there are no convolutions seen upon the surface of the

cerebrum, neither are those extensive communications between the

lateral halves as yet developed which in the higher Mammalia assume

such size and importance ; the corpus caUosum and fornix are both

wanting, a simple commissure being still sufficient. Neither has the

cerebellum in these animals assumed its comiilete development, pre-

senting only the central portion ; so that the pons Varolii, or the great

commissure which in Man unites the lateral cerebeUic lobes, is of course

deficient. The olfactory and optic lobes are even here recognizable as

distinct elements of the cerebral mass ; and the origins of the nerves

strictly conform to the arrangement already described in the brain of

Eeptiles. The rest of the cerebro-spinal axis presents no pecnliarity

worthy of special notice ; and the general distribution of the cerebral

and spinal nerves is so similar in aU. the Yertebrata, that it would be

useless again to describe them in this place.

(2078.) The sympathetic system in Birds is well developed, and its

arrangement diifers in no essential particular from what is seen in the

humctn body : the situation of the cervical ganglia, however, is peculiar,

inasmuch as they are lodged in the bony canal formed by the transverse

processes of the vertebrae of the neck for the reception of the vertebral

artery, and are thus securely protected, in spite of the unusual length

and slenderness which the neck not unfrequently exhibits.

(2079.) But if in the general arrangement of the nervous system of

the feathered races there is little to arrest our notice, we shall find in

the construction of the organs of their senses many circumstances of con-

siderable interest to the physiological reader ; and consequently these

will require a more extended description.

(2080.) The sense of touch must obviously be extremely imperfect in

these animals : their body, enveloped in feathers, can be little sensible

to impressions produced by the contact of external objects ; and their

limbs, covered as they are with plumes, or cased in horny scales, are but

little adapted to exercise the sense in question. The beak alone offers

itself as calculated to be a tactile instrument ; but even this, enclosed as

it is in the generality of birds by a dense corneous case, must be very

inefficient in evestigating the outward surfaces of substances ; never-

theless in some tribes the beak is undoubtedly extremely sensitive, and

is used to search for food in marshy soils, or to find it in the mud at the

bottom of shallow waters. This is the case, for instance, in many of the

long-billed Wading Birds, and also in the flat-billed aquatic families,

such as the Goose and Swan ; in these, in fact, the covering of the beak

is comparatively soft, and the nerves that supply it, derived from the

fifth pair, are of very considerable size.

(2081.) As we advance from the lower to the more highly gifted

races of the animal creation, taste is evidently one of the last indulgences
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granted ; and oven in Birds it is only necessary to inspect the Btructure

of tho tongue in order to bo convinced that they can derive but small

enjoyment from this source. The sldn of the tongue in these creatures

is totally devoid of gustatory papilla), and frequently, indeed, enveloped

in a horny sheath ; so that, if the sense of taste exists at all, it must be

to the last degree limited and obtuse.

(2082.) In return, however, for the imperfection of the above senses,

the olfactory apparatus in this class of animals begins to assume far

greater importance than in the cold-blooded Vertebrata ; and the nasal

Fig. 511.

Ol&ctory apparatus in a Goose : a, turbinated bone ; b, olfactory nerve ; c, paBsage
leading from the nose to the throat (posterior nares).

cavity indicates, by its extent, that it is now well adapted to investigate

the odorous properties of the air taken in for respiration. The septum

narium completely divides the nose into two lateral chambers of consi-

derable extent, which individually communicate with the pharynx (fig.

511, c) ;
and, upon the outer wall of each compartment, three convo-

luted laminse, covered with a most delicate Schneiderian membrane, re-

present the turbinated bones of Mammalia, and increase the oKactory

surface. Of these, the middle turbinated bone (fig. 511, a) is the largest;

but the superior appears to be the most important, as it is upon this that

the olfactory nerve is principally distributed, insomuch that Scarpa con-

sidered that the comparative powers of smell possessed by different birds

might be estimated by the development of this portion of the olfactory

organ. The olfactory nerves (fig. 511, b), as in Reptiles, stUl enter the

nose without dividing ; so that there is no cribriform plate to the ethmoid

bone. The nostrils are simple apertures, perforating some part of the

horny beak covering the upper mandible, and are never provided with

moveable cartilages or muscles, as those of Mammalia will be found to be.

(2083.) The eye of a Bird is an optical instrument of such admii-able

construction that, did not the nature of this work compel us to adopt

the strictest brevity in our descriptions, it might well tempt us to in-

dulge in lengthened details relative to the adaptation and uses of its

various parts. If we contrast the Bird with tho lleptile, or more espe-
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cially with the Fish, and consider the totally different circumstances

under which these animals exercise the sense of vision, we may well

expect extraordinary modifications in the structure of their organs of

sight. The Fish, immersed in a dense medium, can see but to a very

limited distance around it ; and the sphericity of the crystalline lens,

with the consequent contracted antero-posterior diameter of the eye-

ball, at once testifies how small is the sphere of vision commanded by

the finny tribes. The Bird, on the contrary, dwelling in the thin air,

and not uufrequently soaring into regions where that air is still further

rarefied, must survey an horizon even more extensive than that enjoyed

by the terrestrial Mammal ;
while, from the rapid movements of the

feathered races, it becomes absolutely requisite that the focus of the

eye shall continually vary between the extremes of long- and short-

sighted vision. The birds of prey, as they fan the air at an altitude

which places them almost beyond the reach of human sight, or sail in

broad gyrations through the sky, are scanning from that height the

surface of the ground, and looking out for mice or other little animals

on which to feed : but when the prey is seen, and the bird, shooting

down with the rapidity of a thunderbolt, stoops upon the quarry, it

must obviously be indispensable that it should see with as much clearness

and distinctness when close to its victim as it did when far remote
;

and to enable it to do this, special provisions have been made in the

structure of the eyeball.

(2084.) A glance at fig. 513, exhibiting a section of the eye of an

Owl, will show the anatomist that, in its general composition, the organ

is similar to that of Man. The

sclerotic and the choroid tu-

nics present the same ar-

rangement, the transparent

humours of the eye occupy

the same relative positions,

and the iris and ciliary folds

exist, as in the human sub-

ject. Descending from ge-

neralities, however, he will

find many points in the or-

ganization of a bird's eye emi-

nently deserving separate ex-

amination ; and it is to these

we would specially invite his

notice. First, the shape of the eyeball is peculiar : it is not spherical,

as in Man, nor flattened anteriorly, as in Fishes and aquatic Eeptiles

;

but, on the contrary, the cornea is rendered extremely prominent,
and the antero-posterior axis of the eye considerably lengthened.
This is remarkably exemplified in the Owl, iu which bird, as Dr. Mac-

Fig. 512.

Eye of the Owl.
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artnoy * pointed out, such is tlio disproportion between the anterior

and posterior spheres of the eye, that the axis of the anterior portion is

twice as great as that of the other. The obvious consequence of this

figure of the globe of the eye is to allow room for a greater proportion

of aqueous fluid, and for the removal of the crystalline lens from the

seat of sensation, and thus produce a greater convergence of the rays of

light, by which the animal is enabled to discern the objects placed near

it, and to see with a weaker light ; and hence Owls, which require this

sort of vision so much, possess the structure fitted to effect it in so re-

markable a degree.

(2085.) But it is evident that, in order to retain this conical shape

of the eyeball, some further mechanical arrangements are necessary,

which in the spherical form of the human eye are not requisite. In

Fishes, where the eyeball is constructed upon entirely opposite prin-

ciples, being compressed anteriorly, cartilaginous supports are found im-

bedded in the sclerotic tunic, which in some cases is absolutely ossified

into a bony cup. In many Eeptiles the same end is obtained by placing

a circle of bony plates around the cornea ; and this latter plan is again

adopted in Birds, to maintain their eyes in a shape precisely the con-

verse of the former. In the Owls these ossicles are most largely deve-

loped ; in such birds they form a broad zone (fig. 512), extending from

the margin of the cornea, embracing the anterior conical portion of the

eye, and imbedded between two fibrous layers of the sclerotic.
^

The

figure which is thus given to the eye, from the increased space obtained,

is" evidently calculated to allow the humours, forming the refracting

media whereby the rays of light are brought to a focus upon the retina,

to become materially changed in shape ; and both the convexity of the

cornea and the position of the lens may thus be altered so as to adjust

them in correspondence with the distance at which an object is viewed.

The cornea is rendered more convex, and the shape of the aqueous

humour consequently adapted to examine objects close at hand, by the

simple action of the muscles that move the eyeball :
for these, seeing

that the edges of the pieces composing the bony circle overlap each

other so as to be shghtly moveable, as they compress the globe of the

eye, cause the protrusion of the aqueous humour, and the cornea becomes

prominent ; or if the bird surveys things that are remote, the cornea

recedes and becomes flattened—an effect caused by the recession of the

aqueous humour, and, as some authors assert f, by muscular fibres dis-

posed around the circumference of the cornea, and attached to its inner

layer, which draw back the cornea in a manner analogous to the action

of the muscles of the diaphragm upon its tendinous centre.

(2086 ) But the most beautiful piece of mechanism, if we may be

pardoned the expression, met with in the eye of a Bird is destined to

* Eees's Cyclopa;dia, art. Birds.

t Vide Cyclop, of Anat. and Phys. p. 304.
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Fig. 513.

Section of the eye of an Owl : a, the
maraupium or pecten.

regulate the focal distance between the crj^stalline lens and the sentient

surface of the retina, in order to ensure the clearest possible delineation

either of near or distant objects. The provision for this purpose is

peculiar to the class under our notice, and consists of a vascular organ,

called tlie marsupium or pecten, which is lodged in the posterior part

of the vitreous humour (fig. 513, a). This organ is composed of folds

of a membrane resembling the cho-

roid coat of the eye, and, being in

Hke manner covered with pigment,

might easily be mistaken for a pro-

cess derived from that tunic, with

which, in fact, it has no connexion,

being attached to the optic nerve

just at the point where it expands

into the retina. Its substance seems

to be made up of erectile tissue, and

it is most copiously supplied with

blood derived from an arterial plexus

formed by the artena centralis re-

tince * ; so that there is little doubt

that, being like the iris endowed with an involuntary power of dilata-

tion and contraction, as it enlarges from the injection of blood, it dis-

tends the chamber of the vitreous humour, and pushes forward the lens,

while, as it again collapses, the crystalline is allowed to approach nearer

to the retina ; and thus the focus of the eye is adjusted upon the same
principle as that of a telescope. Four recti and two obliqui muscles
preside over the movements of the eyeball

; but, as in the EeptiKa, the
superior oblique arises from the anterior part of the orbit, as well as the
obliquus inferior, and its tendon is not reflected over a trochlea.

(2087.) Birds have three eyelids : an upper and a lower, resembling
those of Mammalia

; and a third, which, when unemployed, is concealed
in the inner canthus of the eye, but can be drawn down vertically by
muscles especially appropriated to its motions, so as to sweep over the
entire cornea, which it then covers like a curtain.

(2088.) The upper and the lower eyelids differ but little in their

structure from those of Man; nevertheless a few trivial particulars

are worthy of the notice of the student. In the first place, there arc
seldom any eyelashes attached to the palpebral margins ; and secondly,

the lower eyelid is the most moveable of the two, and not only contains
a distinct arsal cartilage, but is pro-sided with a special depressor muscle,
which arises from the bottom of the orbit, like the levator palpebroi
superioris of the human subject : the elevator of the upper eyelid and
orbicularis palpebrarum are likewise well developed.

(2089.) The third eyelid, or nictitating membrane, is represented
* Vide Barkow, in Meckel's Archiv, Band xii.

in
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fig. 514, A, e (tho upper and lower eyelids have been divided through

the middle, and turned back to display it) ; it is necessarily, to a cer-

tain extent, transparent ; for birds somotinius look through it, as for

instance when the Eaglo looks at the sun *
: it is therefore of a mem-

branous texture ; and a most admirable and peculiar muscular appa-

ratus is given, by which its movements are effected. This is placed at

the back of the eyeball, and may easily be displayed by turning aside

the recti and olUqui muscles, as in fig. 514, u. Two muscles are then

perceived arising from the globe of the eye, taking their origin from the

outside of the sclerotic coat : one of these (c), named the quadratus

memhrance nictitantis, arising from near the upper aspect of the eye, de-

scends towards the optic

nerve ; but instead of being

inserted into any thing, as

muscles usually are, it ter-

minates in a most remark-

able manner, ending in a

tendinous sheath or pulley,

through which the tendon

of the next muscle passes

as it winds round the op-

tic nerve. The second mus-

cle {d), called the pyra-

midalis memb. nictitantis,

arises from the inner aspect

of the eyeball ; and its fi.bres

are collected into a long

slender tendon, which, as

it turns round the optic

nerve, passes through the

tendinous sheath formed by

the quadratus, as a rope

through a pulley, and then

is continued in a cellular

sheath formed by the sclero-

tic, underneath the eye, to

the lower angle of the third

eyelid, into which it is in-

serted. The reader will at

Muscles of the nictitating membrane. A. a, the

upper eyelid slit vertically ; 6, the under eyelid simi-

larly divided; e, the membrana nictitans; c, puncta

lacrymalio..

B. c, quadratus muscle of the nictitating membrane,

exhibiting the beautiful tendinous pulley through

which runs the tendon of the pyramidalis, d.

once perceive how beautifuUy these two muscles, acting simultaneously,

cause the nictitating membrane to sweep over the cornea, which returns

again into the inner canthus of the eye by its own elasticity.

(2090.) Being thus provided with moveable eyelids, a lacrymal appa-

ratus is, of course, indispensable ;
and, accordingly, birds arc supplied

* Cuvier, Lo90n8 d'Anat. Comp. torn. ii. p. 431.
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Fig. 516.

with two distinct glauds, one being appropriated to the secretion of

tears, wliile the other furnishes a lubricating fluid, apparently destined

to facilitate the movements of the membrana nictiians.

(2091.) The lacrymal gland is situated, as in Man, at the outer angle

of the eye, and its duct pours tlie lacrymal secretion upon the eyeball

near the external canthus. The lacrymal canal, whereby the tears,

after moistening the cornea, are discharged into the nose, commences

by two orifices (fig. 514, a, c) situated just behind the internal commis-

sui-e of the eyelids, and is continued into the nasal cavity, where it

terminates in front of the representative of the middle turbinated bone.

(2092.) The second gland, the glandula Harderi, seems to supply

the place of the Meibomian glands of the human eyelids : it forms a

considerable glandular mass, situated behind the conjunctiva, at the

nasal angle of the eyelids ; and through its excretory duct, which opens

behind the nictitating membrane, the lubricating secretion that it fur-

nishes is poured out.

(2093.) Besides the secreting organs above described, a third, very

large gland is found, generally lodged in a depression beneath the vault

of the orbit, although in

some genera it is situated

external to that cavity : the

secretion of this gland, how-

ever, is poured into the

nose by one or more ducts,

and thus serves copiously to

moisten the Schneiderian

membrane,

(2094.) The auditory ap-

paratus of a Bird is almost

precisely similar in its

structure to that of one of

the more perfect reptiles,

such as the Crocodile. There

is still no external ear, or

osseous canal worthy of being called an external meatus : yet in a few

rare instances, such as the Bustard, the feathers around the ear are so

disposed as to coUect faint impressions of sound; and in the Owls,

besides possessing a broad opercular flap, that forms a kind of external

ear, there are sinuosities, external to the membrana tympani, which re-

semble, not very distantly, those found in the ear of Man.

(2095.) Entering into the composition of the organ of hearing in the

class before us, we have the membrana tympani (fig. 515, a), and tym-
panic cavity, from which a wide Eustachian tube (d) leads to the poste-

rior nares. The labyrinth presents the vestibule (c), the semicircular

canals (6), and the rudimentary cochlea (e) ; aU of which so exactly

Organ of hearing in the Owl: a, membrana tympani

:

b, semicircular canals ; c, vestibule
; d, Eustachian tube

;

e, rudimentary cochlea.
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correspond in structure with what has already been described when

speaking of the ear of lleptiles (§ 2002 et seqq,), as to render repetition

needless. A single trumpet-shaped bone, the representative of the

stapes, communicates immediately between the membrana tympani and

\hQ fenestra ovalis ; but two or three minute cartilaginous appendages,

connected with the membranous drum of the ear, are regarded as being

the rudiments of the malleus, incus, and os orbiculare met with in the

next class.

(2096.) The Mdneys in the Bird (fig. 516, e, e) are very large
;
they

are lodged in deep depressions, situated on each side of the spine, in the

lumbar and pelvic regions, their posterior aspects being moulded into

aU the cavities formed by the bones in that situation. In their essential

structure each kidney is made up of innumerable microscopic flexuous

tubes, which, joining again and again into larger and still larger trunks,

ultimately terminate in the ureter, without the interposition of any

infundibular cavity analogous to the pelvis of the human kidney.

(2097.) From the manner in which the kidneys are imbedded, the

ureters are necessarily derived from their anterior aspect. After re-

ceiving all the terminations of the urinary tubules, they pass behind the

rectum to the cloaca, into which they discharge the urinary secretion.

The cloaca, therefore, receives the terminations of the rectum, of the

ureters, and also, as we shall immediately see, of the sexual passages :

no urinary bladder is as yet developed, nevertheless vestiges of its

appearance begin to become visible. The cloaca is, in fact, in some

birds divided into two compartments, distinct both in their appearance

and in their office ;
these, moreover, are separated by a constriction,

more or less well-defined in different species. It is into one of these

compartments that the rectum opens, while the other (fig. 516, m m)

contains the orifices of the ureters and generative canals ; the latter is

therefore generally distinguished by the name of the urethro-sexual

portion of the cloaca—and is in truth a remnant of the allantois, and a

rudiment of a bladder for the accumulation of the urine.

(2098.) An unctuous secretion, peculiar to the class under considera-

tion, has been provided for the purpose of oiling the feathers ;
and in

water-birds the fluid alluded to becomes of very great importance to

their welfare, as it causes their plumy covering to repel moisture so

efficiently that it is never wet. The gland given for this purpose is

called the " uropygium," and is situated upon the back of the os coc-

cygis; from this source the bird distributes the oily material thus

afforded to all parts of its plumage.

(2099.) The male generative organs in Birds are fuUy as simple m

their structure as those of the Reptilia. The testes are two oval bodies

(fig. 516, g), invariably situated in the lumbar region, lying upon the

anterior portion of the kidneys. In their intimate structure they con-

sist of contorted and extremely slender tubes, wherein tlie somen is
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elaborated, contained in a strong capsnlc. The sperm-secreting tubules

of each testis terminate in a slightly flexuous vas deferens (h, i), that

opens into the cloaca by a simple orifice (m, m). In most birds it can

scarcely be said that a penis exists at all, two simple rudimentary vas-

cular papilla; at the termination of the vasa defcrentia constituting the

Fig. 516.

Generative organs of the Cook: a be, abdominal parietes; e,e, kidneys;/,/, ureters;

g, testicle of the left side
; h, i, vasa deferentia ; k, cloacal cavity ; m, m, terminal orifices of

the vasa deferentia; I, terminations of the ureters; n, termination of the rectum; d, poste-

rior margin of the anus.

entire intromittent apparatus ; so that copulation between the male and

female must, in the generality of species, be effected by a simple juxta-

position of the sexual orifices : nevertheless in the web-footed tribes,

which copulate in the water, and in the Ostrich, the penis of the male is
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much more perfectly organized, as will be seen by the following de-

scriiJtion extracted from Cuvior *.

(2100.) The structure of the penis is far from being the same iu all

birds provided with such an organ ; it offers, in fact, two types extremely

different from each other, whereof the Ostrich and Drake may be taken

as examples. The penis of the Ostrich is of a size proportioned to that

of the bird. Its form is conical ; and a deep, narrow groove runs along

its upper surface from the base to the point. The vasa deferentia open

into the cloaca opposite to the commencement of the groove ; so that the

semen flows directly into this furrow. This penis consists, first, of two

solid conical bodies, entirely composed of fibrous substance, supported at

their base within the sphincter of the cloaca upon its inferior wall (the

fibrous cones are placed side by side, but not confounded together ;
and

the right is smaller than the left—no doubt to allow this organ, which

never becomes soft as that of quadrupeds, to be more easily folded back

into the cloaca) ;
secondly, of a fibro-vascular body, which constitutes

the bulk of the inferior aspect of the penis, and is continued to its

extremity ;
thirdly, of a cellular portion, capable of erection, placed

beneath the skin lining the urethral groos^e. This last is doubtless the

first appearance of the corpus spongiosum, which in Mammifers com-

pletely encloses the canal of the urethra, while the two others represent

the corpus cavernosum. The whole apparatus, when not in use, is drawn

into the cloaca by two pairs of retractor muscles.

(2101.) In Geese, Ducks, and many wading birds, such as the Stork,

the structure of the male intromittent organ is totaUy different. When

in a state of repose, it is lodged in a pouch under the extremity of the

rectum, and curved so as to describe three parts of a circle. When the

penis is opened in this condition, it is found to be made up of two por-

tions, each composing half of its substance. The parietes of one half are

thick, elastic, and shghtly glandular. The other presents internally a

great number of transverse grooves and folds. This latter portion dui-mg

erection unrolls itseK outward hke a glove ; and at the same time, the

half first mentioned, introducing itself into the hollow cylinder formed

by the second, fills it up, and constitutes the firmest part of the organ.

Most of the grooves and folds visible during non-erection become much

less apparent when the penis is protruded ; and their direction being

obUque, they prevent it from stretching out in a straight Une, but

oblige it to assume a corkscrew appearance. A deep groove runs along

the whole length of this singular organ ; and it is into the commencement

of this groove that the vasa deferentia pour the seminal secretion.
^

(2102.) The females of species whose male possess a large penis are

provided with a rudimentary clitoris of simHar construction.

(2103 ) The female generative system in the feathered tribes oftersa

remarkable exception to what we have as yet seen in the vertebrate

* Le9ons d'Anat. Comp. torn. v. p. 108.
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Fig. 517.

Ov-ipara. Instead of being symmetrically developed upon tlic two sides

of the body, the right oviduct and most frequently the corresponding

ovarium remain permanently atrophied, and, although they do exist in

a rudimentary condition, they never arrive at such dimensions as to

allow them to assist in the reproductive process.

(2103.) The fertile ovarium presents in all essential circumstances

the same organization as those of the lleptilia, and is in the same way

attached by folds of peritoneum in the vicinity of the spine (fig. 517, /).

The contained ova are found

in all stages of maturity

;

and being connected together

by narrow pedicles, the viscus

assumes a distinctly racemose

appearance.

(2104.) The oviduct (fig.

517, cl e) commences by a

wide funnel-shaped aperture,

and soon assumes the appear-

ance of a convoluted intestine.

Its lining membrane varies in

texture in diflPerent parts

:

near the infundibular orifice

it is thin and smooth ; further

down it becomes thicker and

corrugated; and at last, near

the termination of the canal,

where the egg is completed

by the calcification of its out-

ward covering (g), it presents

a villous texture. The oviduct

ultimately opens into the cor-

responding side of the urethro-

sexual compartment of the

cloaca.

(2105.) We must in the

next place proceed to de-

scribe, with as much brevity

as is consistent with the im-

portance of the subject:—first, the nidus, or ovisac, in which the rudi-

ment of the future being is i^roduced
; secondly, the structure of the

germ (ovulum) when it escapes from the ovary
;
thirdly, the additions

made to the ovulum as it passes through the oviduct
;
and, lastly, the

phenomena that take place during the development of the embryo by
incubation.

(2106.) If the ovarium of a bird be examined whilst in functional

3 E

Generative apparatus of the Hen : a, ingluvies or
crop

; b, liver ; e, intestinal convolutions ; d e, ovi-

duct ; ff, a portion of the wall of the dilated oviduct
raised to show the shell of an egg contained in its

interior.
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activity, such of the pedunculated ovisacs (calyces, fig. 517,/) as have

within them ovula ripe for exclusion will be found to consist of two

membranes *. Of these, the exterior is very vascular, and is surrounded

by a pale zone (stigma), occupying the centre of the calyx. The

lining membrane of the ovisac, on the contrary, is thin and pellucid, but

studded with minute corpuscles, which are probably glandular, or per-

haps little plexuses of vessels. Within this ovisac the basis of the

future egg (ovulum) is formed.

(2107.) The ovulum produced in the ovisac, when mature, is made

up of the following parts. The bulk of it consists of an orange-coloured

oleaginous material, enclosed in a most delicate and pellucid membrane

(memhrana vitelli) : this is the yelk of the future egg. Upon the sur-

face of the yelk there is visible a slightly elevated opaque spot (dca~

tricula), wherein is lodged the reproductive gem : this last, which is

apparently the most important part of the ovulum, is a minute pellucid

globule, and has been named, after its discoverer, the " vesicle of Pur-

Jcinje," or the germinal vesicle.

(2108.) The phenomena attending conception are therefore simply

these :—The membranes of the ovisac are gradually thinned by absorp-

tion ; and being embraced and squeezed by the infundibular commence-

ment of the oviduct, the transparent zone or stigma gives way, allowing

the ovulum, covered only by its memhrana vitelli, to escape into the ovi-

ductus. The rent ovisac is soon removed by absorption ;
and the ovulum,

with its eicatricula, is left to be clothed with other investments :
but

the germinal vesicle is now no longer to be seen ; its delicate covering

having been, as Purkinje supposes, ruptured by the violence to which it

has been subjected.

(2109.) It is during the passage of the ovulum through the canal of

the oviduct that it becomes enclosed in the other parts entering into

the composition of the egg : these are, the albumen, the chalazce, the

memhrana putaminis, and the calcareous shell.

(2110.) The albumen, or glairy fluid forming the white of the egg,

is secreted by the mucous membrane that lines the commencement of

the oviduct; and being laid on, layer upon layer, gradually coats the

memhrana vitelli. Some of the albumen meanwhHe becomes mspissated,

so as to form an almost invisible membrane, the chalazct, which, bemg

twisted by the revolutions of the yelk, as it is pushed forward in the

oviduct, is gathered into two delicate and spiral cords (fig. 519, c c),

whereby the yelk is retained in situ after the egg is completed.

(2111 ) The ovulum, now covered with a thick coating of albumen,

and furnished with the chalazte, at length approaches the terminal ex-

tremity of the oviduct, where a more tenacious material is poured out

:

it is here that the whole becomes encased in a dense membrane resem-

* Vide Purkinjo, Symbolce ad ori Avium historiam ante incubationcn,. 4to.

Lipsiaj, 1830.
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bling very thin parchment, called " membrana putaminisf and ulti-

mately, on arriving in the last, dilated portion of the canal (fig. 517, g),

the lining membrane of -which secretes cretaceous matter, the shell is

formed by the gradual accumulation of extremely minute polygonal

cdcareous particles, so disposed upon the surface of the egg that im-

perceptible interstices are left between them for the purpose of trans-

piration.

(2112.) Thus, as the oviduct is traced from its infundibular com-

mencement, the different portions of it are seen successively to discharge

the following functions : the orifice of the infundibulum receives the

ovulum from the ovisac ; the succeeding portion, extending nearly three-

fourths of its entire length, secretes the albumen and the chalazae ; in

the next tract it furnishes the membrana putaminis ; and in the last

place, the shell ; after which, the complete egg is expelled through the

cloaca,

(2113.) The anatomy of the egg prior to the commencement of incu-

bation is therefore sufficiently simple. Immediately beneath the shell

is the membrana putaminis
;
which, however, we must here remark,

consists of two layers ; and at the larger end of the egg these layers

separate, leaving a space (fig. 518, a h), called the vesicula aeris ; we

Fig. 518.

Anatomy of the ej^^ : a b, air-vesicle; b, arrow indicatiiif? the position of the central axis of

the egg ; c, the yelk; /, Purkinjean vesicle ; ff,
cieatricula ; h, thickening of the vitelline mem-

brane ; e, canal leading to d, the central chamber of the yelk.

may further notice that the chamber so formed is filled with air con-

taining an unusual proportion of oxygen, destined to serve for the respi-

ration of the future embryo. Enclosed in the membrana putaminis the

student next finds the albumen and chalazas (fig. 519, c), and, lastly,

the yeUc, enclosed in its proper membrane (fig. 518, c), the membrana

vitelli.

(2114.) We must dwell a little more at length, however, upon the

composition of the yelk. The cieatricula (fig. 518, g) is made up of a

thin membrane, which originally enclosed the vesicle of Purkinje (/)

;

3 E 2
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but this latter, although introduced into the diagram for the purpose of

illustration, is in reality, as wc have already seen, no longer visible ; and

we must now change the word cicatricula for that of blastoderm, which

may be presumed to consist of the original cicatricula and the ruptured

vesicle of Purkinje : it is from this blastoderm, or germinal membrane,

as it is sometimes called, that the future being is developed.

(2115.) Immediately over the blastoderm the membrana vitelli is

slightly thickened (fig. 518, 7t) ; and beneath it is a canal (e), which

leads to a chamber (d) placed in the centre of the yelk ; this cavity is

filled with a whitish granular substance.

(2116.) Such is the composition of the complete egg of a Fowl, and,

with the exception of trifling circumstances hereafter to be noticed, of

that of vertebrate animals in general. The development of the embryo

is accomplished in the following manner.

(2117.) No sooner has incubation * commenced, than the blastoderm

becomes distinctly separate from the yelk and the membrana vitelli,

and, as it begins to spread, assumes the form of a central pellucid spot,

surrounded by a broad dark ring (fig. 519, g h) ; it at the same time

Fig. 519.

Egg at commencement of incnbation: a, egg-sheU; 6, air-vesicle between the layers of the

membrana putaminU ; c, c, chaUzm ; /, yeli ; g h, blastoderm.

becomes thickened and prominent, and is soon separable into three

layers • of these, the exterior (fig. 520, c) is a serous layer
;
the mternal,

or that next the yelk (a), a mucous layer; and between the two is

situated a vascular layer (b), in which vessels soon become apparent.

These three layers are of the utmost importance, as from the first-

mentioned all the serous structures, from the second aU the mucous

structure, and from the third the entire vascular system of the embryo

originate

^^^^^^^ ^^^^^ ^^^^ incubation the blasto-

derm has already begun to change its appearance, and two white fila-

* Dr. Karl Ernst v.Baer.iiberEntwickelungsgeschichteder
Thieve. Beobachtung

unci Reflexion. 4to. 1837.
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ments are apparent in the middle of the central pellucid circle. Sup-

posing a longitudinal section of it at this period, the membrana vttelh

will be found to have become more prominent where it passes over the

germinal space (fig. 520, i, d). The outer layer of the blastoderm (c)

has become thickened at e into the first rudiment of the dorsal portion

of the embryo ; but the mucous layer (a) and the vascular layer (u)

have as yet undergone little alteration.

(2119.) At the commencement of the second day (fig. 520, 2), the

Pig. 520.

Earliest appearance of embryo, a, mucous layer ; B, vascular layer; c, serous layer; D, mem-
brana viteUi : e, rudimentary embryo ; h, punctum saiiens.

anterior portion of the embryo is dilated, and bent down so as to inflect

the three membranes of the blastoderm at this point.

(2120.) At the conclusion of the second day this inflection is carried

still further, and from the vascular layer a single pulsating cavity

(fig. 520, 3, h), the punctum saiiens (the first appearance of a heart), has

become developed ; so that considerable advance is already made towards

that disposition of the foetus and its membranous investments repre-

sented in the next figure, to which we now beg the reader's attention.

Pig. .521.

Embryo in a more adyanced stage. A, B, C, n, as in the preceding figure : a, b, auricle and

ventricle of the heart; c, branchial arteries, vphioh by their junction fom\ the aorta (m);

p, the allantois.
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(2121.) The serous membrane (520, c) has at the third day become

reflected to a considerable distance over the back of the foetus ; at one

extremity investing the head with a serous covering, while at the oppo-

site it in like manner covers the tail : it is this reflection of the serous

layer which forms the amnion, as will be observed in fig. 521, where

the amniotic sac (c) is completed.

(2122.) The mucous layer (a) is now seen to line the as yet open

space which is to form the abdominal cavity, and by its inflections

gives birth to the rudiments of the abdominal viscera,

(2123.) From the vascular layer (b) has been developed the heart,

now composed of two chambers {a, I), and the branchial arteries (c),

which join to form the aorta (m), exactly as in the Menopoma (fig. 491).

The allantois (p), the uses of which will be described hereafter, like-

wise begins to make its appearance *.

(2124.) At the fifth day (fig. 522) the lineaments of the viscera

Fig. 522.

Embryo about the fifth day of incubation. A, B, C, D, as in the preceding flfjures; a, heart;

6, bulbus arteriosus; c, branchial arches; m, dorsal vessel, representing the aorta of ilshes

;

umbilicus ; p, allantois.

become tolerably distinct. The sac of the amnion (c) is completed ; the

liver (i) and the lungs (e) begin to show themselves ; and the bag of

the allantois (p) is largely developed s still, however, the heart (a b) is

that of a fish, and the aorta (m) formed by the union of the branchial

arches (c) ; so we have yet to trace how, as the lungs increase in size,

the circulatory apparatus becomes changed and the branchial organs

obliterated.

(2125.) On the third day of incubation there exist four vascular

arches (fig. 521, c) on each side, having a common origin from the bulb

(h), which obviously represents the bulhus arteriosus of Fishes and

Beptiles, before described ; these encircle the neck, and join on arriving

in the dorsal region to form the aorta, which commences by two roots,

each made up of the union of the four branchial vessels of the corre-

* Des Branchies et des Vaisseaux brancliiaux dans les Embryons des Animaux

vert6br69, par Prof. Ch. Ernst v. Baer (Ann. des Sci. Nat. torn. xv.).
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spending side. The vascular arches are developed one after the other

the most anterior being visible even on the second day
;

shortl} a

second appears behind the first, the former in the meantime becoming

considerably larger ; and at length the third and the fourth are formed,

the fourth being stiU very small at the commencement of the third day.

(2126 ) At this period three fissures are perceptible between tnc

branchial arches, and in front of the first pair is the first appearance ot

the oral orifice—which, however, is not, properly speaking, the aperture

of the mouth, since at this epoch the jaws and buccal cavity are not as

yet formed, but, physiologieaUy considered, it rather represents the

^'72127
) At the close of the third day this branchial apparatus is

already slightly changed: the branchial fissures are wider, and the fourth

vascular arch is become nearly as large as the others. On the fourth

day the first vascular arch is almost imperceptible, and that for two

reasons : in the first place, it becomes covered up with cellular tissue
;

and secondly, it is so much diminished in size towards the second half ot

the fourth day, that it merely gives passage to a most slender stream of

nearly colourless blood. By the close of the fourth day it is no longer

recognizable, but, before its disappearance, it is seen to have given off

from its most convex point a vessel, which becomes the carotid artery

;

so that, when the arch itself is atrophied, that portion of it which was

connected with the bulb of the aorta becomes the trunk of i\xQ carotid.

(2128.) The second arch then becomes diminished in size, insomuch

that the third and fourth receive the greater part of the blood, while

in the meantime a fifth arch makes its appearance behind the fourth; so

that in this way there are still four permeable arches.

(2129.) While these changes are going on in the vascular canals, the

first branchial fissure gradually closes ; and to make up for this, a new

one is formed between the arch which originally was the fourth and

that last developed.

(2130.) At the commencement of the fifth day there are consequently

again four vascular arches and three branchial fissures on each side—but

not the same as those of the third day, since one arch and one fissure

-have disappeared, and have been replaced by similar parts. During the

fifth day, the vascular arch which at first was the second is obliterated,

and the two succeeding ones become increased in size ; but at the end of

the fifth day all the branchial fissures are effaced, being filled up with

cellular tissue, and no trace of them is left. The remainder of the

metamorphosis seems to depend principally upon changes that occur in

the hulhus arteriosus (fig. 522, h), which is by degrees converted into the

bulb of the aorta. This part of the arterial system, from being a single

cavity, about the fifth day divides into two canals, which become gradu-

ally more and more separated and bent upon themselves. The separa-

tion of the hidhus arteriosus into two vessels is, in the opinion of Pro-
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feasor Baer, owing to the circumstance that the ventricles gradually

become separated by a septum, which, as it grows more complete,

causes two distinct currents of blood to be propelled from the heart. The

current coming from the right ventricle arrives sooner than the other at

the vascular arches, and rushes through the two posterior and through

the middle arch of the left side, while the gush of blood from the left

ventricle fiUs the two anterior arches and the middle arch of the right

side,—a circumstance depending on the course impressed upon the cur-

rents derived from the two ventricles. Each current becomes more and

more distinct ; and at last each is provided with a proper channel, form-

ing the trunks of the future pulmonary artery and of the future aorta.

(2131.) It will be seen that as yet the real aorta does not exist; for

at tlois period of the metamorphosis all the blood passes through the

vascular arches that remain into the dorsal vessel (fig. 522, m), which is

formed in the same manner as the aorta of Fishes, by the union of the

branchial vessels.

(2132.) "While the branchial fissures penetrated into the pharyngeal

cavity, the branchial vessels were contained in the corresponding bran-

chial arches ; but as soon as these fissures disappear, the vascular ti'unks

abandon the neighbourhood of the pharynx and beg-in to assume the

character they afterwards present.

(2133.) The most posterior arch of the left side gradually disappears,

and on the seventh day of incubation is no longer recognizable ;
whilst

in the meantime the current of blood from the right ventricle is directed

in such a manner as to pass in front of this arch, and enters the posterior

arch of the right side, and the last but one on the left.

(2134.) As, moreover, the two arches that were formerly the most

anterior have become obliterated, whilst the third and fourth, on the

contrary, are increased in size, the blood, passing backwards through

these arches into the roots of the aorta, enters also the carotid artery,

which now resembles a prolongation of the commencement of the aorta

towards the head. Thus, one part of the primitive root of the aorta

becomes the trunk of the carotid artery.

(2135.) There exist consequently, on the eighth day, three vascular

arches on the right side, and only two on the left ; and these five arches

are derived from the heart, as are also two small vascular trunks, now

quite distinct, which have been formed from the bulb.

(2136.) The anterior arch of both sides and the middle arch of the

right side proceed from the left ventricle ; the posterior arches issue

from the right ; but all of them as yet unite to form the two roots of the

aorta, which are still of pretty equal size ; and each root gives oif a

carotid artery. At the point where the anterior arches join the roots of the

aorta, they are now seen to give off newly formed trunks, which go to

the anterior extremity of their respective sides ; and as these Kmbs and

the head increase in size and reqiiire more blood, the anterior arch
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propels a greater proportiou of blood in that direction, and insensibly

less and less into the aorta. The consequence is that the anterior arch

becomes more and more decidedly the brachio-cephalic trunk ;
and, in

short, on the thirteenth day it only communicates with the dorsal aorta

by a small vessel, and ultimately becomes quite detached, forming the

artcria innorainata of the corresponding side.

(2137.) Meanwhile the posterior arches on both sides send out

branches destined to the contiguous lungs. On the eighth day these

vessels are still very small, and difficult to find ; but they soon grow

larger ; and during the last half of the period of incubation, they show

themselves as the immediate continuations of the arches from which

they are derived—their junctions with the aorta becoming more and

more imperfect, and constituting the two ductus arteriosi. These canals

are of very unequal size : that of the right side is much shorter than

that of the left, which is now the only remnant of the original root of

the aorta on that side, and considerably narrower than the root of the

aorta on the right side. On the right side, in fact, the middle arch now

becomes of great importance, and really constitutes the commencement

of the descending aorta, receiving the other communications as sub-

ordinate parts.

(2138.) The bird having escaped from the egg, and having breathed

for some time, all the blood from the right ventricle passes into the

lungs, the ductus arteriosi become totally imperforate, and two distinct

circulations are thus established—one proceeding from the right side of

Fig. 523.

Membranes of the ovum : a, embryo ; b, yelk ; c, allantois ; d d, msmbrana putaminis.

the heart through the lungs into the left side of the heart, the other

from the left side of the heart through the system into the right side of

the heart.
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(2139.) Wo sec, therefore, that of the five pairs of vascular branchial

arches which at first by tlicir union formed the aorta as in Fishes, those

of the first pair on both sides and of the fifth on the left side speedily

disappear. The third on each side becomes the brachio-cephalic trunk,

the fourth of the right side becomes the descending aorta, while the

fifth of the right side and the fourth of the left side are converted into

the pulmonary arteries. The very short trunk common to the two pul-

monary arteries, as weU. as the equally short trunk of the aorta, pro-

perly so called, are produced by the transformation of the single cavity

of the original " hulbus arteriosus " into two distinct canals ; and thus this

wonderful metamorphosis is accomplished.

(2140.) About the one hundred-and-twentienth hour from the com-

mencement of incubation, the vascular layer of the blastoderm has

spread extensively over the

yelk (fig. 523, h) ; and as the ^ig- 524.

vessels formed by it become

perfected, they are found to

converge to the navel of the

embryo, and to constitute a

distinct system of arteries

and veins {omplialo-mesente-

ric), communicating with the

aorta and with the heart of the

fcBtus, and forming a vascular

circle surrounding the yelk.

The omphalo-mesenteric arte-

ries (fig. 523, h, c), which thus

ramify over the vitelline sac,

are derived from the mesen-

teric arteries ; and the blood

distributed through them is

returned, by the omphalo-

mesenteric veins, to the supe-

rior vena cava of the young

chick.

(2141.) As soon as the in-

testinal system of the embryo bird is distinctly formed, the membrane

enclosing the yelk (viteUicle) is seen to communicate with the intestine

by a wide duct (ductus vitello-intesiinalis), whereby the nutritive sub-

stance of the yelk enters the alimentary canal to serve as food, and the

mucous membrane lining the vitellicle becomes thrown into close wavy

folds, so as to present a very extensive surface. Gradually, as growth

advances, the yelk diminishes in size ; and at length, before the young

bird is hatched, the remains of it are entii-ely withdrawn into the abdo-

minal cavity (figs. 526, 527), where its absorption is completed
;
but

Membranes of the ovum in siiu : a, b, omphalo-

mesenteric arterial and venous trunks; c, meni-

brana pu/aminis.
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even ill the adult bird, a little ccecal ai)poudago, or cliverticnhm, still

indioatos the place formerly occiipiod by the ductus vitello-intesiinalis.

(2142.) While the above phenomena are in progress, another im-

portant system of vessels, provided for the respiration of the bird in ovo,

is developed, and obliterated before the egg is hatched.

(2143.) At about the period represented in fig. 522, the sides of the

abdominal cavity, which is still open anteriorly, are occupied by transi-

tory secreting organs, named

coi-pora Wolfiana : these, ap- Fig- 525.

parently, are the rudiments

of the genito-urinary system

;

and, to receive their secretion,

a bladder is developed, called

the allantoid sac—a viscus

which is moreover destined to

play an important part in the

economy of the embryo, and

soon becomes its principal

respiratory organ. The cd-

lantois first makes its appear-

ance as a delicate bag (fig.

522, p), derived from the an-

terior surface of the rectum ;

but it expands rapidly, and

soon occupies a very consider-

able portion of the interior

of the egg (fig. 523, c), until

at last it lines nearly the

whole extent of the memhrana

putaminis ; and becoming thus

extensively exposed to the

influence of the air that pejie-

trates the egg-shell, it ulti-

mately takes upon itself the

respiratory function. When
fully developed (fig. 524), it

is covered with a rich net-

work of arteries and veins

(a, h) spread upon its surface. The arteries (fig. 525, a) are derived

from the common iliac trunks of the embryo, and of course represent

the umbilical arteries of the human foetus ; the vein enters the umbi-

licus, and, passing through the fissure of the liver, pours the blood,

which it returns from the aUantois in an arterialized condition, into the

inferior cava, as does the umbilical vein of Mammalia.

(2144.) About the nineteenth day of incubation, the air-vessel at the

Vessels of the allantois : a, allantoic sac ; 6, membrane
of the yelk; c, omijhalo-mesenfceric vessels.
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large extremity of the egg (fig. 524, c) is ruptured, and the lungs begin

to assume their function, by breathing the air that this vesicle contains.

The circulation through the aUantois then graduaUy diminishes, and

it is slowly obliterated until merely a ligamentous remnant, caUed the

uraclms, is left. In Reptiles, however, as we have already seen, a por-

tion of the allautoid bag remains even in the adult creature (fig. 488, q) ;

and in Birds, in that compartment of the cloaca in which the genital

and urinary passages terminate, are vestiges of the same organ.

(2145.) Although the above description is intended to give a general

view of the process of oviparous generation in its most perfect and con-

sequently most complex form, the reader, in applying it to the develop-

ment of the ovum in the inferior Ovipaea, must bear in mind the fol-

loAving important differences :—1st, That in the air-breathing Eepxilta

the ivMte of the egg is almost, if not entirely, wanting ;
but the other

phenomena are similar to those witnessed in the Bird. 2ndly, That in

FisHUS not only is there no white formed, but, for obvious reasons, the

allantoid apparatus is not developed. The egg in these lower tribes

contains only the yelk and the cicatricula ; it swells from absorbing the

surrounding water ; and the foetus is developed npon the surface of the

yelk—the latter, which, as in Birds, communicates with the intestine,

being slowly received into the abdominal cavity.

(2146.) The subsequent changes that occur in the circulatory system

of a bird, namely the obliteration of the foramen ovale and of the ductus

arteriosi, whereby the pulmonary and systemic circulations become quite

distinct, are similar to those which take place in the Mammiferous foetus,

and will be described in the next chapter.

CHAPTER XXVIII.

MAMMALIA.

(2147.) The highest boon conferred upon the lowest animals, " Hea-

ven's last, best gift," is parental affection. The cold-blooded Ovipara,

unable in any manner to assist in the maturation of their offspring,

were necessarily compelled to leave their eggs to be hatched by the

agency of external circumstances ; and their progeny, even from the

moment of their birth, were abandoned to chance and to their own

resources for a supply of nourishment. In Birds, the duties and the

pleasures inseparable from the necessity of incubating theii' ova, and of

providing nutriment for their callow brood, are indeed manifested to an

extent unparalleled in the preceding orders of Vertebrata ; but it is to

the Mammalia alone, the most sagacious and intelligent of all the inha-
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bitaiita of this world, that tho Creator haa permitted the full enjoyment

of paternal and maternal love, has thrown the oflspring absolutely help-

less aud dependent upon a mother's care and solicitude, and thus confers

upon the parent the joys and comforts that a mother only knows—the

dearest, purest, sweetest bestowed upon tho animal creation.

(2148.) The grand circumstance whereby the entire class of beings

generally designated under the name of Qtjadbtjpeds may be distin-

guished from all other members of the animal kingdom is, that the

females of every species are fm-nished with mammary glands—secern-

ing organs appointed to supply a secretion called millc, whereby the

young are nourished from the moment of their birth until they have

reached a sufficient age to enable them to live upon such animal or

vegetable substances as are adapted to their maturer condition. The

possession of these lactiferous glands would indeed be in itself a suffi-

ciently decisive characteristic of the whole group ; and if to this we

add that their visceral cavity is separated into a thorax and abdomen

by a muscular diaphragm, and that they breathe by means of lungs pre-

cisely similar to our own, we need not in this place dwell upon any

more minute definition of the Mammiferous Vertebrata.

(2149.) The Mammalia, as we might be prepared to anticipate from

their importance, are extensively distributed. The generality of them

are terrestrial in their habits, either browsing the herbage from the

ground, or, if of carnivourous propensities, leading a life of rapine by

carrying on a bloodthirsty warfare against animals inferior to them-

selves in strength or ferocity. Many inhabit the trees ;
some burrow

beneath the surface of the soil ; a few can raise themselves into the air

and flit about in search of insect prey ; the Otter and the Seal persecute

the fishes even in their own element ; and the gigantic Whales, AvaUow-

ing upon the surface of the sea, " tempest the ocean" in their fury.^

°(2150.) With habits so diverse, we may well expect corresponding

diversity in their forms, or in the structure of their limbs
;
and, in fact,

did we not compress our description of these particulars into reasonable

limits, we might easily test the perseverance of the most patient reader

in fou'owing us through the mass of details connected with this part of

our subject. We shall therefore, commencing as we have hitherto

done, with the osteology of the class, first describe, in general terms,

the characters of a Mammiferous skeleton, and then, as we arrange the

Mammalia under the various orders into which they have been distn-

buted, speak of the most important aberrations from the given type.

(2151.) The vertebral column of all Mammals, with the remarkable

exception of the Cetacea, is divisible into the same regions as in the

human skeleton, viz. the cervical, dorsal, lumbar, sacral, and coccygeal

or caudal portions.

(2152.) The cervical vertebrte are invariably seven in number, llio

Sloth {Brachjpus tridactijlus) was, until recently, regarded as formmg
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a solitary exception, it having been supposed to possess nino cervical

vertebrte ; the researches of Professor BeU, however, show that even

this animal conforms to the general law. The distinguished naturalist

referred to has demonstrated*, " that the posterior two of these verte-

brae have attached to them the rudiments of two pairs of ribs, m the

form of small elongated bones articulated to their transverse processes

;

they must therefore be regarded as truly dorsal vertebrte, modified

into a cervical form and function suited to the peculiar wants of the

animal." Professor Bell further observes that " the object of the in-

creased number of vertebrae in the neck of the Sloth is evidently to allow

of a more extensive rotation of the head ;
for, as each of the bones turns

to a small extent upon the succeeding one, it is clear that the degree of

rotation of the extreme point wiU be in proportion to the number of

pieces in the whole series. When the habits of this extraordinary

animal are considered, hanging as it does from the under surface of

boughs, with the back downwards, it is obvious that the only means by

which it could look towards the ground must be by rotation of the

neck; and it was necessary, to effect this without diminishing the

firmness of the cervical portion of the vertebral column, to add certain

moveable points to the number possessed by the rest of the class
;
the

additional motion was acquired by modifying the two superior dorsal

vertebrfe, and giving them the office of cervical, rather than by infrin-

ging on a rule which is thus preserved entire without a single known

exception."

(2153.) The occipital bone articulates with the atlas by two lateral

condyles, instead of by a single central articulating surface—a circum-

stance which depends upon the greatly increased development of the

encephalon, and the consequent expansion of the cranium.

(2154.) The number of dorsal vertebrte depends upon that of the

ribs :• thus in the Bat tribe tbere are only eleven ;
while in some of the

Pachydermata (as, for example, in the Elephant and Tapir) as many as

twenty dorsal vertebrae may be counted. The lumbar and sacral verte-

brae wiU likewise be more or less numerous in diff'erent genera ; and in

the number of pieces composing the coccyx, or tail, there is every

variety, from four to five-and-forty.

(2155.) The thorax is enclosed by ribs, which in structure, and in

their mode of connexion with the dorsal vertebrce, resemble those of Man.

At its dorsal extremity each rib is articulated by its head to the bodies

of the vertebrge, and to the intervertebral substance ; while its tubercle,

or the representative of the second head of the rib of a Bird, is move-

ably connected with the corresponding vertebral transverse process.

There are no sternal ribs ; but these are represented by cartilaginous

pieces, whereby, towards the anterior part of the thorax, each rib is

attached to the side of the sternum : posteriorly, however, this con-

* Cyclop, of Anat. and Pliys. art Edentata.
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noxion does not exist. The anterior ribs are therefore called true ribs,

and the posterior, false, or Jlouting ribs, precisely as in the human

skeleton.

(2156.) The sternum is composed of several narrow pieces, placed in

a line behind each other along the middle of the breast. These pieces

are generally consolidated : by their lateral margins they give attach-

ment anteriorly to the clavicles, if these bones be present, and behind

these to the costal cartilages of the true ribs.

(2157.) From the whole arrangement of the thorax, it is evident that

the ribs are capable of extensive movements of elevation and depression,

whereby the capacity of the whole thoracic cavity may be increased or

diminished—movements which, aided by those of the diaphragm, draw

in and expel the air used for respiration.

(2158.) To the anterior extremity is appended a broad scapula, gene-

rally unconnected with the rest of the skeleton, except by muscular

attachments. In quadrupeds that use this extremity as an instrument

of prehension or of flight, a clavicle is interposed between the scapula

and the sternum ; but most frequently this element of the shoulder is

deficient ; and even the coracoid bone, if a vestige of it remains at all, is

reduced to a mere appendage to the scapula, known to the human ana-

tomist as the coracoid process. The rest of the limb presents the arm,

the forearm, the carpus, metacarpus, and phalanges ; but these are so

altered in appearance in different orders, that no general description

will suffice, and we must therefore defer this part of our inquiry for

the present.

(2159.) In the posterior extremity there is equal dissimilarity in the

construction of the distal portions of the limb ; but the pelvis, although

much modified in form, consists of the same pieces as in the human

subject, and in like manner has the pubic arch and foramina fuUy

completed.

(2160.) The cranium and face are made up of numerous bones, easily

recognizable, as they correspond in their general arrangement with those

composing this part of the skeleton in the lower Vertebrata. Their de-

velopment in the facial region is large, in proportion to the strength of

the muscles moving the lower jaw; and they are so disposed as to form

buttresses to resist the powerful pressure of the teeth, as well as to

enclose cavities wherein are lodged the organs connected with the senses

of smell and of vision. One example will answer our present purpose

;

and we have selected the skull of the Pig as one calculated to show a

medium development of the whole series.

(2161.) In the face we find on each side two bones entering into the

composition of the upper jaw, into which teeth arc implanted
;
these are

the superior maxillary (fig. 528, is), and the intermaxillary (17). These

bones, moreover, bound extensively the cavity of the nose, and, together

with the palatine process of the j9«?r«6 hone (fig. 529, 22), constitute the
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bony palate or roof of the mouth. The nasal bones (fig. 528, 20, 20) com-

plete the upper part of the face ;
and, being in contact along the mesial

line, arch over the nasal chamber.

Fig. 528.

SkuU of the Pig.

(2162.) The orbit is bounded anteriorly by the lacrymal hone (c), and

the jugal or malar bone (6). Its posterior boundary is generally want-

ing, as the external angular processes of the jugal and frontal bones do

not meet.

(2163,) The orbital cavit)'- is principally formed by processes derived

from the os frontis, the sphenoid, the lacrymal, and the malar bone

—

the ethmoid and the palatine rarely entering into its composition.

(2164.) The os ethmoides, the vomer, and the turbinated bones will

be described minutely when we speak of the olfactory apparatus, which

they contribute to form.

(2165.) The inferior maxilla in Mammals is characterized by two

circumstances, which distinguish it from that of other Vertebrata. It

consists, in the first place, of only two lateral pieces, exactly similar to

each other, joined together at the chin by a symphysis in many orders ;

but in others even this symphysis is obliterated at an early age, and

in the adult the two lateral halves would seem to form but one piece.

(2166.) Another character peculiar to the lower jaw of a Mammal is,

that it is moveably articulated to the temporal bone by means of a

convex and undivded condyle.

(2167.) These marks, identifying the mammiferous lower jaw, ought

to be well remembered by the palaeontologist.

(2168.) We shall hereafter have occasion to desciibe the teeth that

arm the jaws of the diff'erent tribes of quadrupeds ; and therefore we
3f
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now proceed to examine their cranial cavity, and the bones that enter

into its formation.

(21 GO.) The frontal hones (i, figs. 528, 529) are generally two in

number ; and even when, as in Man, they seem to form but one bone,

the two lateral halves are produced from separate points of ossificotion,

and only coalesce as age advances : sometimes, indeed, even in the adult,

they remain permanently separated by suture.

Fig. 529.

Section of the skull of the Pig.

(2170.) The parietal hones (7, figs. 528, 529) occupy their usual

position ; and although generaUy double, as in the human skeleton,

they are not unfrequently consolidated together, even at an early age,

so as to represent but a single bone.

(2171.) The occipital hone consists primarily of the same pieces as

in the Eeptile ; but in the Mammifer these are at an early period con-

solidated into one mass, situated at the back of the cranium. Its basilar

portion (5) articulates with the atlas by two condyles ;
while the lateral

wings (10) and the superior arch (s) surround the foramen magnum,

and^protect the cerebeUic regions of the encephalon.

(2172 ) The sphenoid (e), although composed of fewer separate pieces

than in the EeptHia, and even regarded by the human anatomist as a

single bone, is still distinctly divisible, especiaUy in young animals, into

two veiT important portions-one anterior, and the other posterior-

each, as we shall soon see, forming the body of a distinct cranial vertebra.

The posterior half (e) consists of the body, including the posterior

clinoid processes, and of the greater al^e and pterygoid processes

ffie 529 2.5). The anterior haK is formed by the anterior clinoid pro-

cesses and al^ minores (fig. 529, 11). These two halves may therefore

be called, respectively, the anterior ^nd postenor sphenouls

(2173 ) Lastly, we have the temporal hone, exhibiting but one piece,

altlough made up of all the parts which in the J^^P^ile were so ob

viously distinct elements. The petrous portion, wedged into the base
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of the cranium, still encloses the internal ear. The tympanic element

(fig. 528, a) supports the membrana tympani. The mastoid process

(fig. 529, 12) is the homologuo of the mastoid bone of the Crocodile ;

and, lastly, the squamous element, with which the lower jaw is articu-

lated (fig 528, 23), in the Reptilia was visibly a distinct bone. Even to

these may be added the zygomatic process, which Professor Owen regards

as an independant elemental part.

(2174.) Reviewing, therefore, all that has been said relative to the

composition of the skull in the different classes of Vertebrata, the fol-

lowing deductions may be arrived at* :

—

1. That as we advance from lower to higher forms, the proportional

size of the cranium relative to that of the face becomes greater.

2. That the number of bones met with upon the inferior and lateral

aspects of the head gradually diminishes ; for in Mammalia the jptery-

goid and tympanic bones, which even in Birds are separate pieces,

become very generally confounded with the sphenoid and the temporal

;

and also the petrous and squamous portions of the temporal become

blended together.

3. The number of bones normally entering into the composition of the

cranium of adult Mammalia varies considerably. When most numerous,

there are twenty-eight—eleven in the cranium, and seventeen in the

face. In this case the cranial bones are the following :—one occipital,

one sphenoid, the two squamous portions of the temporal, the two

tympano-petrous portions of the temporal, the two parietal, the two

frontal, and the ethmoid.

(2175.) The bones of the face are :—two superior maxillary, two inter-

maxillary, two nasal, two lacrymal, the vomer, two inferior turbinated

bones, two palate bones, two jugal bones, and, lastly, the two halves of

the lower jaw.

(2176.) It is true that some slight exceptions occur : thus, for example,

in the Cetacea the pterygoid bones remain detached ; in the Rodeutia

the occipital is divided into a superior and inferior portion ; but in the

latter the two frontal and the two parietal become consolidated into

one bone.

(2177.) In Man the bones of the cranium become much less nume-

rous, inasmuch as all the elements of the occipital, of the temporal, of

the frontal, the intermaxillary and the maxillary, composing the upper

jaw, and the two halves of the lower jaw, respectively coalesce ; and the

skull consists of but one-and-twenty bones—seven in the cranium, and

fourteen in the face.

(2178.) Even this number is not the smallest; for in some Monkeys

the nasal bones unite and become consolidated into one piece.

(2179.) Having thus enumerated the different osseous pieces forming

the crania of all classes of vertebrate animals, we must next consider

* Meckel, Traits G6n6ral cl'Anatoinie Compar6e, torn. iii. 2'''= partie, p. 195.

3f 2
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Fig. 630.

them in another point of view, namely, us being a continuation of the

spinal chain of bones, or real vertebrae modified in form and proportions

in conformity with the increased volume of the nervous masses they are

destined to enclose. We must premise, however, that it is by no means

our intention to adopt unreservedly the theoretical opinions of those

Continental writers who find vertebral elements in the bones of the face,

and even in the nasal cartilages
;

still, without overstraining the facts,

it is easy to demonstrate very satisfactorily that the cranial pieces that

immediately enclose the cerebral masses are strictly vertebrae, and pre-

sent the same essential structure as those of the spinal region.

(2180.) That this is the case in the skull of a Ecptile, no one, indeed,

who examines the subject can hesitate

to admit ; but even in the Mammiferous

cranium, where, from the enormous pro-

portionate size of the encephalon, the

cranium is most distorted, it is not dif-

ficult to perceive the relationship.

(2181.) The cranial vertebrae are three

in number—the occipital, the parietal,

and the frontal ; these are exhibited in

the subjoined diagram, after Carus, re-

presenting those of the Sheep.

(2182.) The occipital vertebra (fig.

530, a) has for its body the basilar por-

tion ; the arches bound the foramen

magnum laterally; and above, the spinous

process, flattened out and expanded in

proportion to the size of those lobes of

the brain and cerebellum which it de-

fends, forms the posterior portion of the

skull.

(2183.) The body of the second or

parietal vertebra (b) is the body of the

sphenoid—that is, more properly speak-

ing, the posterior sphenoid bone, whose

large alee, curving upwards, meet the

parietal, and thus an arch is formed of

sufficient span to cover the middle lobes

of the cerebrum.

(2184.) The anterior or frontal ver-

tebra (c) has for its body the anterior

sphenoid {alee minores)—its arch being
_

completed by the cavity of the os frontis, which encloses anteriorly the

cribriform plate of the ethmoid bone.

(2185.) From this analysis of the composition of the cranium, it is

Cranial vertebrte.



MONOTREMATA. 805

apparent that the temporal bones, although in Man they assist so

materially in completing the cranial cavity, are only intercalated between

the real vertebral elements—as indeed might almost have been antici-

pated, seeing how differently the pieces belongnng to this bone are

arranged in different classes of Vertebrata.

(2186.) Such is the general organization of the Mammiferous skeleton.

Let us now proceed to consider the osteology of the different orders

into which the Mammalia have been distributed, and observe in what

respects they individually differ from each other.

(2187.) The transition from Birds to Quadrupeds, remotely separated

as they might appear to be, is effected by gentle gradations of structure ;

and the Monoteemata, notwithstanding their quadrupedal form and

hairy covering, are so nearly allied to the feathered Ovipara in many

points of their organization, that they evidently form a connecting link

between these two great classes of animals.

(2188.) It is true that they have mammary glands, and must there-

fore be supposed to give suck to their offspring; but it is not even yet

satisfactorHy determined whether they lay eggs, or produce living young.

The structure of their generative apparatus would seem, in fact, to be

rather allied to the Oviparous than the Mammiferous type ;
and, as in

Birds, the rectum, the urinary passages, and the sexual organs, all

discharge themselves into a common cloacal chamber ; so that there is

still but a single vent—a circumstance from which the name of the

order is derived.

(2189.) Even their skeleton, in many points, presents a very close

affinity to that of a Bird, as will be evident on examining the osseous

system of the OrnithorJiynchus paradoxus (fig. 531).

Fig. 531.

Skeleton of Ornithorhyiichus paradoxus.

(2190.) The mouth of the quadruped, indeed, resembles that of a

Duck, whence the name of " Duck-biU," whereby it is usually distin-

guished. It has, moreover, a distinct furcular hone in addition to what

would seem to be the ordinary clavicles ; but in reality these are the

coracoid bones still largely developed. Moreover the anterior or sternal

ribs are ossified ; and a spur is attached to the hind foot of the male, not
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remotely resembling that of a Cock : this last appendage is perforated

by a duct, and has a gland connected with it, situated on the inner side

of the thigh, by which a poisonous secretion was formerly supposed to

be elaborated.

(2191 .) The Marsupialia, it wiU be afterwards explained, as regards

the conformation of their generative system, are organized in accordance

with a type intermediate between that common to Birds and that which

characterizes Mammalia properly so caUed.

(2192.) The Marsupial quadrupeds bring forth their young alive, but

in such an imperfect condition that at the period of their birth scarcely

the rudiments of their Hmbs have become apparent ; and in this state

they are conveyed into a pouch formed by the skin of the female's

abdomen, where they fix themselves by their mouths to the nipples of

their mother, and, sucking milk, derive from this source the materials

for their growth. These animals are peculiar to the Australian and

American continents ; nay, in Australia, so anomalous in all its pro-

ductions, with one or two exceptions, and those perhaps brought there

by accidental importation, all the quadrupeds are constructed after the

Marsupial type. The great characteristic whereby to distinguish the

skeleton of a Marsupial Mammifer is, the existence of two peculiar

bones attached to the anterior margin of the pubis, which in the living-

animal are imbedded in the muscular walls of the abdomen, and thus

support the pouch of the female. The marsupial bones, however, exist

in the male likewise ; and even in the Monoteemata, that are evidently

nearly allied to the proper Maesitpialia, although no pouch is met with

even in the female sex, the bones alluded to are found connected with

the pubis.

(2193.) This great section of the Vertebrate creation, which perhaps

ought rather to be regarded as a class by itseK, is composed of numerous

families, of diverse forms and very opposite habits. The Opossums

(Didelpliys) of the American continent live in trees, and devour birds,

insects, or even fruits: in these, the thumb of the hind foot is opposable

to the other fingers, and adapted for grasping the boughs, whence they

are called Peclimanes; their tail is likewise prehensile. Others are

terrestrial in their habits, wanting the prehensile thumb.

(2194.) The Kangaroo Eat, or Potoroo {Hypsiprijmnus), of whose

skeleton we have given a drawing (fig. 532), is remarkable for the dis-

proportionate size of its hind legs : these, moreover, have no thumb,

and the two innermost toes are joiiied together as far as the nails ; so

that there appear to be but three toes, the inner one being furnished

with two claAVS. Such legs arc well adapted to make strong and

vigorous leaps over a level plain ; and in the Kangaroos {Macropus) tlic

extraordinary development of the posterior extremities is even yet more

wonderful. In other respects, the skeletons of the MarsupiaHa confoiin

to the general description already given.
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C2195 ) AU other Mammiferous Vertebrata produce their young ahve,

and not until they have attained a considerably advanced stage of deve-

lopment during their intra-uterine existence. The connexion between

the maternal and foetal systems in these orders is maintained during

Fig. 532,

Skeleton of the Kangaroo Eat.

the latter periods of gestation by the development of a peculiar viscus,

caUed the placenta ;
nevertheless, after birth, the young animals are

still dependent upon the mother for support, and live upon the milk

supplied by her mammary organs.

(2196.) The lowest order of Placental Mammalia comprises those

forms which, although they breathe air by means of lungs, and have hot

blood like ourselves, are appointed to inhabit the waters of the ocean,

wherein they pass their lives, and even bring forth and suckle then-

young. In order to live under such circumstances as these, the Cetaoea

must necessarily, in many points of their structure, be organized after

the model of fishes ; and we cannot be surprised if, in their outward

form, and even in the disposition of their limbs, they strikingly resemble

the finny tribes. Their head is large—frequently, indeed, of enormous

proportions ; there is no neck apparent externally—the head and trunk,

as in fishes, appearing continuous. The anterior extremities are con-

verted into broad fins, or paddles ; whilst the pelvic extremities are

absolutely wanting : posteriorly, the body tapers off towards the tail,

and terminates in a broad, horizontal fin, which latter, however, is not

supported by bony rays as in the fish, but is entirely of a cartilaginous

and fleshy structure. Frequently there is even a vertical dorsal fin

;
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but this, too, is entirely soft and cartila-

ginous, 80 that in the skeleton no vestiges

of it are apparent*.

(2197.) In the Whalebone-Whale {Ba-

hena mysticetus) the peculiarities of the

Cetaceous skeleton are well exhibited. In

this gigantic animal (fig. 533), which some-

times measures upwards of a hundred feet

from the snout to the tail, the head forms

nearly a fourth part of the entire length of

its stupendous carcass ; so enormously de-

veloped are the bones of the face that form

the upper and the lower jaws. The cranial

cavity, wherein the brain is lodged, of

course does not participate in this excessive

dilatation, but corresponds to the size of the

brain lodged within it. It, however, pre-

sents one point of physiological interest,

serving to prove still more demonstratively

that the temporal bone is merely an ad-

junct to, and not essentially a constituent

part of, the cranium ; for here the petrous

portion of the temporal bone, wherein is

lodged the organ of hearing, is entu'ely de-

tached from the skull, to which it is only

fastened by a ligamentous connexion. This

remarkable arrangement is, no doubt, in-

tended to prevent the stunning noises that

would else be conveyed from every side to

the ear, by cutting off all immediate com-

munication between the auditory apparatus

and the osseous framework of the head.

(2198.) The cervical vertebrae, in con-

formity with the shortness of the neck, are

exceedingly thin ; and some of them are

not unfrequently anchylosed into one piece.

(2199.) The thorax is composed in the

ordinary manner ; but the posterior ribs are

only fixed to the transverse processes of

the corresponding vertebrae. Behind the

thorax the whole spine is flexible, its move-

* It is interesting to see these fins still formed by
the skin {exoskeleton), where the osseous system

could not enter into their composition without de-

viating altogether from the Mammiferous type.

Fig. 03y.

Skrh ton of (lie Whalebone
Wlinlc.
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ments being untrammelled by any pelvic framework oi- posterior

extremity ; so that, as in fishes, the broadly expanded tail is the peat

a-cnt in locomotion; and from the horizontal position of this mighty

oai- it is better adapted to enable the animal to plunge headlong into

the depth, and to rise again to the surface, with all expedition, than i±

it had been placed vertically, as it is in fishes.

(2200.) The only vestiges of a pelvis met with in the Whale are, the

rudimentary ossa pubis represented in the figure. These are imbedded

in the abdominal muscles, and serve to support the external organs of

generation : the caudal yertebrso, however, are distinguishable by the

inferior spinous processes developed from their under surfaces. As to

the construction of the anterior extremity, the shoulder is composed of

the scapula alone. The arm and forearm are much stunted, and are

not moveable at the elbow ; therefore the muscles for pronating and

supinating the arm do not exist, but are represented by aponeurotic

expansions spread over the surfaces of the bones. The bones of the

carpus are flattened, and more or less consolidated together. The fingers,

likewise, are flat ; and the whole limb so covered with tendinous bands,

and enveloped in skin, as to form merely a fin whereby the creature

guides its course through the water.

(2201.) In the Herbivorous Cetacea, as the Manatus and Dugong,

the head is smaller in proportion to the size of the body, and the

hands better developed, so as to be useful in creeping on land, or in

carrying their young. These genera inhabit the mouths of tropical

livers.

(2202.) The relationship between the Cetacea and the next order

that offers itself to our notice is too evident not to be immediately

appreciated. The thick and naked skin, the gigantic body, the massive

bones, the bulky head, and even the variable and irregular teeth that

arm the ponderous jaws are aU again conspicuous in the Pachydekmata ;

and the river and the marsh, the localities frequented by the latter, as

obviously indicate the intermediate position which these animals occupy

between the aquatic and the terrestrial Mammalia.

(2203.) The skeleton of the Hippopotamus (fig. 534) offers a good

example of the general disposition of the osseous system in the Pachy-

dermata. The spinous processes of the last cervical and anterior dorsal

vertebrffi are necessarily of prodigious strength, giving origin as they do

to the muscles that support the weighty skull. The ribs are numerous,

broad, and fiat; they extend nearly along the entire length of the

trunk, and thus assist in sustaining the bulky viscera of the abdomen.

The pelvis is massive, in proportion to the weight of the body ; and both

the thoracic and pelvic extremities, short, thick and strong, form, as it

wer6, pillars upon which the trunk is raised.

(2204.) The most important differences observable between the

vai-ious genera of Pachydermatous Mammalia are found in the structure
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of their feot, and in the number and disposition of their toes. In the

Elephant there are five to each foot ; but in the living state they are so

encased in the callous skin which forms a sort of hoof to the foot of this

monstrous animal, that they are scarcely perceptible externally. In

Fig. 534.

Skeleton of Hippopotamus.

the Hippopotamus, above delineated, there are four, and also in the Hog

tribes; but in the latter the two middle toes are disproportionately

large. The Rhinoceros has only three toes to each foot; and other

varieties in this respect might easily be pointed out.

(2205.) In the SoLiDUNGtrLA, or Solipeds, regarded by Cuvier as a

family belonging to the order last mentioned, we have a tribe of ani-

mals quite peculiar as relates to the construction of their locomotive

extremities.

(2206.) In the Horse, for example (a creature obviously formed to

be an assistant to the human race), so completely has every other con-

sideration been sacrificed in order to ensure the utmost possible strength

and solidity in the structure of the foot, that aU the toes appear exter-

nally to have been solidified into one bony mass, which, being encased

in a single dense and homy hoof, is not only strong enough to support

the weight of the quadruped, and to sustain the shock produced by its

most active and vigorous leaps, but becomes abundantly efficient to

carry additional burdens, or to draw heavy loads in the service of

mankind.

(2207.) In the anterior extremity of a Soliped (fig. 535) the shoulder

consists only of the scapula, there being no clavicle to connect it with

the sternum. The humerus is short and very strong : the radius and

ulna are partially consolidated together, so that all movements of pro-

nation and supination are impossible. The carpus is composed of seven
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Fig. 535.

short bones disposed in two rows. The metacarpus is a single bone

(the cannon bone), which, from its length and size, is commonly called

the " fore leg " of the horse, the carpo-metacarpal articulation being

looked upon as the " knee." Lastly, the

foot consists of three great phalanges

;

whereof the proximal is named the "pas-

tei'n," the second the " coronary, and the

distal phalanx the " co-ffin hone^ In the

macerated skeleton, however, the vestiges

of two other toes are visible ; but they are

merely rudiments resembling osseous splints

attached to each side of the metacarpus or

cannon bone.

(2208.) In the posterior limbs of the

Horse the same peculiarities are obser-

vable, in the construction both of the leg

and foot.

(2209.) The RtrMiisrANTiA constitute an-

other order of quadrupeds of very great

importance to mankind, distinguished by

their remarkable habit of chewing the cud

—

that is, of bringing up the food again from

the stomach into the mouth, for the purpose

of undergoing a second process of mastica-

tion. They all have well-developed incisor

teeth in the lower jaw, but none in the

upper. The patient and thirst-enduring

Camel, the stately GiratFe, the Ox, the Sheep,

the Goat, the nimble Antelope, and the

fleet and elegant Stag are all examples of

this extensive order ; but it is the skeleton of

the last-mentioned alone that we shall select

for delineation (fig. 536).

(2210.) The most remarkable feature

observable in the Ruminant order of

quadrupeds is, that, with the exception of

the Camel tribe and the Musk-deer, the

males, and sometimes the females, are pro-

vided with two horns attached to the os frontis, appendages not met
with in any other Yertebrata. In some, as the Giraffe, these horns
consist merely of a bony protuberance developed from each frontal
bone, which is coated with a hairy skin derived from the common in-
tegument of the head. In others, as in the Ox, Goat, Antelope, &c.,
the bony nucleus of the horn is covered over with a sheath of corneous
matter, giving it a hard and smooth sui-facc.

Fore leg of the Horse.
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(2211.) Both the above kinds of horns are persistent ; but in the

Deer tribe the defences of the head, which are large and branched, are

deciduous, being formed every year from a vascular skin that covers

them externally during ^
the period of their

growth, but shrivels up

and dries when they

are completed. These

horns fall off after a

certain time, to be re-

newed again the follow-

ing season. The mode

oftheir formation, how-

ever, will be examined

in another place.

(2212.) In conse-

quence of the weight

of the horns in such

species as possess wea-

pons of this description,

the head is necessarily

extremely heavy ; and

in genera where the

horns are wanting or

feebly developed, as in

the Camel or Giraffe,

such is the length of the

neck, that even with a

disproportionatelysmall

head attached to the

extremity of so long a
, J Skeleton of the Stag.

lever, incessant and

violent muscular exertion would be needed to sustain or to raise it from

the ground. This difficulty is obviated by a very simple and elegant

contrivance : a broad band of ligament, composed of the same elastic

tissue as that composing the Ugamenta suhjlava of the human spine, is

extended from the tips of the elongated spinous processes of the back,

and sometimes even as far backwards as the lumbar and sacral regions.

This ligament, strengthened by additions derived from most of the

vertebral processes over which it passes, runs forward to be fixed

anteriorly to the crest of the occipital bone, and to the most anterior of

the cervical vertebra. The whole weight of the cranium and neck

being therefore fully counterbalanced by the elasticity of this suspensory

ligament, the muscles of the neck act with every possible advantage,

and ^11 the movements of the head are effected with the utmost grace

-and facility.
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(2213.) The Rxtminantia are generally distinguished as having

" cloven feet ;" and in fact, both the hind and fore feet present a very

characteristic formation. The hones of the forearm, as well as the

tibia and Jibula, are more or less completely consolidated, especially to-

wards their distal extremities. The carpal and tarsal bones resemble

those of the Horse, and are similarly situated. The metacarpal and

metatarsal or cannon bones are respectively composed of two lateral

halves xmited along the mesial line ; and to each of these halves is at-

tached a toe composed of three phalanges, the last phalanx of each

being encased in a strong hoof. In some genera two rudimentary lateral

toes are also distinctly recognizable ; but these are too small to be used

in locomotion.

(2214.) The Edentata, forming the next order of quadrupeds, are so

called from the deficiency of teeth observable in the fore part of their

Fig. 537.

Skeleton of Armadillo.

mouth. In the most perfect tribes, as, for example, in the Armadillo

(fig. 537), the skeleton is well developed in all its parts, and presents

nothing to attract our special notice, except, perhaps, the large propor-

tional size of the distal joints and claws that arm the toes ; but in the

Sloths (Bradypus) so unusual is the conformation of the limbs, that it

had at one time become qxiite the fashion for naturalists to bestow a

passing expression of sympathy in alluding to these so-called miserable

and imperfect members of the animal creation.

(2215.) " The Sloths," says Cuvier *, " derive their name from their

excessive slowness, the result of a structure truly heteroclite, where

Nature seems to have wished to amuse herself by producing something

imperfect and grotesque. These animals have their fingers joined to-

gether by the skin, and only indicated externally by enormous com-

pressed and hooked claws, which are bent when in repose towards the

palms of the hands or the soles of the feet. The hind feet are articu-

lated obliquely to the leg, and only rest upon their external edge;

the phalanges of the fingers are articulated by tight hinge-joints, and

* Eegno Animal, vol. i. p. 223 ei seq.
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the proximal ones become cousolidated at a certain age with the bones
of the metacarpus or metatarsus ; even these last become anchylosed
with each other for want of use. To this inconvenience in the organi-

zation of the extremities may be added one equally great, consequent
upon their proportions : the arms and the forearms are much longer

than the thighs and the logs ; so that, when these creatures walk, they

are obliged to drag themselves upon their elbows ; their pelvis, too, is

so wide, so much inclined laterally, that they cannot approximate their

knees. Their deportment is the natural consetiuence of such dispropor-

tionate structure. They remain upon trees, and never quit one till they

have stripped it of its leaves, so difficult is it for them to get to another

;

nay, it is even assorted that they let themselves fall from their branch,

to avoid the trouble of crawling down,"

(2216.) Well may humanity pause before it ventures to accuse

Nature of having " wished to amuse herself by producing something

imperfect and grotesque and we should not have inflicted upon our-

selves the task of quoting so painful a passage, did it not emanate from

such a source, and had not ample opportunities of observation shovm that

the very structure so accurately described by Cuvier is better adapted

than any other to the arboreal life for which the Sloth is destined. Tt

is not upon the ground, but in the tree, that this animal must be criti-

cised ; and there, as we learn, among its native branches, hanging se-

curely by means of its hooked toes and peculiarly organized hind legs,

it feeds in situations which otherwise would be left unoccupied
;

or,

using its long arms, it swings from bough to bough, with a facility

little to be expected from its appearance.

(2217.) The herbage that covers the plain, or the foliage of the trees,

are not, however, the only vegetable materials that have been made

available for the support of Mammiferous quadrupeds. The Rodentia

are furnished vnth teeth adapted to gnaw even the wood and the bark,

or to crack nuts and other hard fruits, from which they derive nourish-

ment.

Fig. 538.

Incisor teeth of the Hare.
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(2218.) This order of Mammals, therefore, is disting-uished by the

possession of two incisor teeth in each jaw, so constructed as to erode

hard substances, and which, moreover, by a peculiar mechanism, to be

described in another j)lace, are always kept sharp and trenchant :
such

are the incisor teeth of the Beaver or of the Hare (fig. 538).

(2219). The skeletons of the Eodentia are slight and feeble, adapted

to the bird-lilce activity of their habits. Their fingers and toes are well

developed, and the bones of the leg and forearm free throughout their

whole length, although the movements of pronation and supination are

as yet much limited. In many genera, more especially in such as cKmb

trees like the Squirrels, the clavicles are very perfectly formed, so that

the fore legs can be employed to a certain extent as hands, for convey-

ing food to the mouth.

(2220.) Yery generally the hind legs of the Rodentia are consider-

ably longer than their anterior extremities : hence such genera run by

Fig. 539.

Skeleton of the .Torboa.
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bounds or leaija, and their course is extremely rapid. In the Jerboa

(
Dijnts) (fig. 539) this disproportionate size of the hind legs is excessive,

insomuch that the creature moves by leaps, like a Kangaroo ; and the

metatarsal bones of the three middle toes being consolidated into one

bone, the whole limb resembles more that of a bird than of a quadruped.

(2221.) Among all the countless races of the animal kingdom, Man
alone is permitted, in a state of nature, to arrive at old age—that is to

say, at such an age as to allow feebleness and decrepitude to usurp the

place of strength and activity. Man only is capable of such a privilege,

because he alone possesses that foresight which enables him to prepare

in youth against the decline of his faculties, and is endowed with sym-

pathies and affections directing the strong and the vigorous to maintain

the aged and the infirm.

(2222.) Among the lower animals, sickness and decay are not per-

mitted to exist. Activity and health alone are conspicuous throughout

the broad creation : disease and decline are banished from the world.

Does any creature lack but for a brief period its accustomed powers of

escape, the destroyer is at hand instantly to remove it from its appointed

sphere of action. Butchers are placed on all sides, ready to perform

their oflBce ; and nothing is permitted to live but what possesses its

faculties and its strength unimpaired and unenfeebled.

(2223.) The great character that distinguishes the Carnivorous qua-

drupeds is the high degree of intelligence and activity for which they are

so remarkable. The perfection of their limbs and the acuteness of their

senses at once indicate their superiority over the Herbivorous races

;

and their jaws, armed with powerful fangs, usually distinguished by the

name of canine teeth, show at a glance the nature of their appointed

food and their murderous propensities.

(2224.) The distribution of these tyrants of the animal creation we

shall find to be coextensive with that of the victims they are appointed

to destroy.

(2225.) The aquatic tribes of the Caenivora (Amphibia, Cuv.) are

obviously constructed for swimming. Their bodies, covered over with

short, close, and polished hair, taper off towards each extremity, re-

sembling in form those of the Cetaceans. The cervical, thoracic, and

lumbar regions of the spine are light and flexible ; and the pelvis is con-

tracted, and placed as far back as possible. Both the anterior and pos-

terior extremities, although completely formed, are short, and in the

living animal are only free externally as far as the carpal and tarsal

joints. The feet, moreover, are broadly webbed, and thus become con-

verted into most efl&cient paddles, by the aid of which these creatures

swim with astonishing ease and elegance, the hinder pair performing at

once the functions of oars and rudder. Upon laud, however, their

movements are, as might be supposed, extremely clumsy : it is true that

they not unfrequently scramble on to the beach, there to bask in the
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sun, or to suckle their little ones ; but if danger threatens, they imme-

diately take to the water, and fall easy victims if their retreat towards

the sea be intercepted.

(2226.) Such being the helplessness of the Seals when they quit the

water for the shore, it is not surprising that, in some of the larger and

more unwieldy forms, assistant locomotive organs have been given,

derived from unlooked-for sources. Thus in the Wabus (Trichechus

rosmarus), which apparently obtains nourishment from the /wci of the

shore, as well as by destrojdng living prey, even the canine teeth of the

upper jaw are converted into instruments of progression, and serve as

crutches to drag the animal along. In these creatures the upper jaw

is extremely dilated and massive, and the canine teeth implanted in it

Fig. .540.

Skeleton of the Seal.

not unfrequently project downwards to a distance of from one to two
feet from the mouth. The strength of the tusks so formed is propor-
tionate to the bulk of this gigantic Seal ; and by their aid the Walrus is

enabled to climb on to the rock in order to repose after its labours in the
ocean.

(2227). The Terrestkial Carnivora, that live upon flesh, are natu-
rally divisible into two great sections. Of these, the most cruel and

Fig. 541.

Skoleton of the Weasel.
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bloodthirsty, that walk only upon their toes, and are called from this

circumstance " Digitiqrada," bound along with an elasticity and swiftness

that are abundantly provided for in the construction of every part of

their osseous system. In this section are classed the extensive tribes

of Weasels (fig. 541), Civets, Hyenas, and the race of Cats, the most

formidable and ravenous of quadrupeds.

(2228.) In the Peline Cabnivoe^, indeed, to which belong the Lion

and the Tiger, so justly celebrated for their strength and ferocity, a

peculiar and beautiful provision is visible in the construction of the

foot, whereby the claws that arm the last phalanges of the toes are kept

constantly sharp, their points never being allowed to become worn by

touching the ground ; hence they are in these creatures terrific instru-

ments of attack. The mechanism provided for effecting this is as fol-

lows :—Three elastic ligaments, derived from the penultimate joint of

the toe, are inserted into the last phalanx iu such a manner that, by

their elasticity, under ordinary circumstances, they keep the claw laid

back upon the upper aspect of the foot ; so that, the soft cushions be-

neath the toes being the only parts brought into contact with the ground,

these creatures always walk with a stealthy and noiseless tread. But

when the Tiger springs upon his prey, the tendons of the flexor muscle

of the toes, implanted into the opposite surface of the phalanx, over-

coming the elasticity of the retractile ligaments, pluck forward the

curved claws, and burying them deeply in the flesh of the victim, the

strongest animals struggle vainly to shake off a gripe so tenacious.

(2229.) But, among the Digitigrade Catifivoea, none are of so much

importance as the Dog—an animal specially provided for the use of

man, to be his companion in the field and his assistant at the chase.

Nor has Nature, in the case of the Dog, merely given to man a servant

endowed with sagacity and zeal : man has need of help in various ways,

and under very different circumstances. In bodily strength he is un-

able to cope with ferocious enemies that surround him on all sides ; his

senses are imperfect, when compared with those of some of the lower

animals ; in speed he is outstripped by the very creatures appointed to

be his food: how then are aU these deficiencies to be compensated?

The Dog has been placed at man's disposal : its instincts, its size, its

form, its senses, and its corporeal attributes are aU subjugated to his

control ; and thus whatever aid he may require is to be obtained by

the cultivation of its faculties.

(2230.) The Plantigrade Carnivora, as their name indicates, in

walking apply the entire sole of foot to the ground, as far back as

the end of the o« calcis : such are the Bear (
Ursus), the Glutton (Oulo),

the Badger (Meles), and others of similar organization. These tribes

are less exclusively carnivorous in their habits than the preceding ;
and

their nails are not retractile, so that their points are blunted by drag-

ging upon the ground.
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(2231.) The Insectivora form another section of these destructive

quadrupeds, distinguished by their molar teeth being studded with

sharp points, and thus calculated to devour insect prey : the Hedgehog

(Erinaceus), the Shrew (Sore.v), and the Mole {Talpa) are well-known

examples of this division ; and their habits are known to all. We need

scarcely mention the peculiar circumstances under which the Mole passes

its subterranean existence, or the extraordinary conformation of its

anterior extremities, whereby they are converted into most efficient

instruments for digging beneath the soil. The extended scapula, the

strong and well-developed clavicle, the square and massive humerus,

and, moreover, the broad and rake-like hand, all proclaim the office of

this strange limb ; while the long and carinated sternum indicates with

equal plainness the size and power of those muscles by which the appa-

ratus is wielded*.

(2232.) The Cheieopteea, or family of Bats, present a striking con-

trast to the Mole both in form and habits : neither would it be easy to

conceive that a skeleton, consisting almost of precisely the same ele-

ments, could be converted to uses so diametrically opposite.

Fig. .542.

Skeleton of the Bat.

(2233.) In these Mammalia the anterior extremities are converted
into wings, enabling them to imitate the very birds in their powers of

flight and in the velocity of their movements when upon the wing
pursuing insect prey. In creatures destined to such a life, the whole
skeleton must of course be lightened, and the bones attenuated to the
utmost. The skuU, the spine, the thorax, the pelvis, and the hind ex-
tremities, all testify, by the delicacy of their structure, that no un-
necessary weight is here permitted. It is, however, in the construction

of the anterior limbs that the Cheiroptera present the most remarkable
peculiarities. The scapulae are broad and expanded, covering a con-

* For an admirable history of the habits of the Mole, the reader is referred to
Bell's British Quadrupeds, page 85.

3 G 2
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siderable portion of the back of the thorax, thus giving a firm basis to

the wing. The clavicles are large and perfectly formed, in order to

resist the powerful action of the pectoral muscles used in depressing the

wings during flight ; and in order to give those muscles a sufficient

extent of origin, the sternum, although exhibiting the general charac-

ters of that of a quadruped, is deeply carinated along the mesial line.

The humerus is of moderate length, but the forearm prolonged and

slender ; it consists, in fact, of but one bone, so that all movements of

pronation and supination are necessarily impracticable. The carpal

bones present their usual structure and arrangement at the base of the

hand ; but those of the metacarpus, excepting that of the thumb, are

so extraordinarily lengthened that they themselves form a considerable

portion of the framework of the wing, which is eompleted by the pha-

langes of the fingers appended to their extremities. All these wire-

like fingers are connected together by a broad duplicature of skin,

derived from the sides of the body, which is continued along the whole

length of the hind legs, and even fills up the interspace between these

last and the tail : this membrane forms an expansion sufficiently ex-

tensive to become converted into an organ of flight. The fingers com-

posing this strange hand are obviously incapable of closing towards the

palm, as ours do when grasping an object : their only movements are

such as fold up the wing against the side of the body, by laying the

fingers close along the side of the forearm, as in closing a fan. The

thumb alone is left free ; and this being short, and armed with a strong

nail, is employed in enabling the creature to cling to some elevated

object in those gloomy lurking-places wherein it hides during the day.

(2234.) The Qitadiitjmana, next to mankind the most elevated mem-

bers of the animal creation, are, as is evident from every point of their

organization, the destined inhabitants af the trees ;
neither will it

appear astonishing, when we consider the extensive provision that has

been made for the support of animal life amid the dense and pathless

forests of tropical climates, that animals so intelligent, and capable of

enjoyment, should have been widely disseminated through extensive

regions of our globe.

(2235.) The great distinction characteristic of the Quadrumana is

found in the organization of their feet, aU of which are converted into

prehensile instruments, whereby they can seize the boughs of the trees

wherein they reside, and thus securely swing themselves from branch

to branch, or even leap from one tree to another, with wonderful acti-

vity and precision. Their hands are constructed upon the same principle

as those of Man,—their thumbs, although less perfectly formed than our

own, being opposable to the other fingers, and thus securing a firm and

steady grasp. The bones of the forearm are free, and accurately arti-

culated with each other ; the pronation and supination of the hand are

therefore accompUshed with facility. In the construction of the teet
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the same provisions have been made to enable them to take a firm

grasp : the toes, like the fingers of the hand, are long and flexible, and

the representative of the great toe is converted into a very perfect

thumb, easily opposable to the rest ; the foot, or posterior hand, there-

fore equals, or even surpasses, in its powers of prehension, the hand

which terminates the anterior limb. For many of the American mon-

keys a fifth hand has been provided, formed by their long and muscular

tail, which, from its extreme flexibility, can be forcibly twisted around

any foreign object, and holds it with a tenacious grasp. Thus abun-

dantly furnished with prehensile instruments, the Quadrumana are

obviously most excellent and accomplished climbers, springing fear-

lessly through the forest by long and vigorous leaps, or chasing their

prey even to the topmost branches of the trees wherein they live.

(2236.) But however some of the more anthropoid Quadrumana

oTotesquely resemble the human race, the approximation, even in their

outward form, is at best exceedingly remote. The lower tribes, such as

the Lemurs of Madagascar, walk on all-fours like cats, and are re-

markable for their long and fox-like muzzle. The brutal and ferocious

Baboons are scarcely more human in their appearance ;
and even in the

most elevated species, caUed by the vulgar " Wild men of the woods,"

the interval that separates them from humanity is wide indeed !

(2337.) Taking the skeleton of the Orang-Outang {Simia satyrus) as

one of the most perfect examples met with in the class under consider-

ation, it is at once evident that such an animal is by no means adapted

to walk in an erect position, although well fitted to maintain a semi-

upright attitude, such as is best calculated for climbing. The skull,

whose very outline indicates brutal ferocity, is armed with canine teeth

scarcely less formidable than those of the Tiger; and the massive jaws of

this creature are moved by muscles almost equally powerful. It is true

that the protuberance of the face is considerably diminished, and the facial

angle thus materially enlarged ; but to make up for the feebleness of the

upperjaw, eonsequent upon this reduced size of the bones composing it,

additional strength is needed to resist the strong pressure of the enormous

temporal muscles. This is given by adding strong buttresses to the

outer angle of the orbit, formed by the union of the frontal and the

jugal bones ; and thus the whole outline of the face becomes more hu-

manized.

(2238.) Another advance towards the condition of the human skull

is apparent in the position of the foramen magnum, and of the condyles

of the occipital bone, which are considerably advanced forwards beneath

the base of the cranium, thus allowing the head to be articulated to the

atlas at a very considerable angle with a line di-awn through the axis of

the spine,—a condition evidently favourable to the erect posture.

(2239.) The thorax is well formed and capacious, giving great free-

dom of respiration : but the spinal column is short and clumsy ; neither
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does it present those graceful sigmoid curves that convert the human
spine into a perfect spring, upon the top of which the head is carried.

(2240.) The arms are of in-

ordinate length and extremely

powerful, the joints perfect,

and the clavicle well formed.

But in the construction of the

pelvic extremities the differ-

ences hetween this and the hu-

man skeleton become strikingly

apparent. The pelvis is long,

and the ossa ilii narrow ; the

thighs and legs so short that,

when the creature stands erect,

the tips of the fingers almost

touch the ground. The pro-

tuberance of the OS calcis is very

slight; and thus the posterior

hands, although well adapted

for taking hold of any object,

are but ill calculated to sustain

the weight of the body in an

upright posture. Upon the

ground, indeed, the living ani-

mal puts the spectator in mind

of a human being crippled in

the lower extremities ; but in

its native trees, these members,

like those of the Sloth, are ad-

mirably suited to the circum-

stances under which the Orang

is ordained to live.

(2241.) Having thus intro-

duced the reader to the different

Fig. 543.

Skeleton of Orang-Outang.

orders of Mammalia, as well as to the principal differences observable

in the arrangement of their osseous system, we must briefly glance at

some few points connected with their myology, selecting those that

seem most worthy of being specially pointed out to the notice of the

anatomical student.

(2242.) To enumerate all the varieties that occur in the disposition

of the muscular system in vertebrate animals would, of course, be in-

compatible with the extent of this work ; and perhaps, even were it

practicable, the details would scarcely possess much interest to the

beginner in comparative anatomy. Considered generally, indeed, the

muscular system of quadrupeds conforms very accurately in its arrange-
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ment to that of the human subject; and for the most part the same

names are applicable to the individual muscles, allowance being made

lor such modifications in the manner of their origins and insertions as

are rendered necessary by the disposition of the skeleton, or in order to

accommodate them to the performance of special functions. To enume-

rate,, therefore, the muscles of the jaws, of the neck, of the spine, of the

chest, of the abdomen, or even of the extremities, in such genera as

have the members last mentioned completely developed, would only be

to repeat circumstances with which the human anatomist is already

familial- ; nevertheless there are some points of practical importance

connected with this part of our subject that must not be altogether

passed over in silence.

(2243.) The diaphragm is a muscle only met with in the class before

us, and in all Mammalia it forms the great agent in respiration, dividing

the thoracic from the abdominal cavity by a broad musculo-tendinous

septum, and presenting a disposition in all essential particulars similar

to that of Man.

(2244.) Another muscle of considerable anatomical interest is the

cutaneous muscle provided for the movements of the integument. In

many tribes, more especially those which, like the Hedgehog, the Echidua,

and the Porcupine, have the skin covered with spines, this muscle is

extremely developed, investing the greater part of the body with a thick

layer of muscular fibres, called not improperly the panniculus carnosus.

In Man, too, this muscle exists, but under a very different aspect, being

only found in certain regions of the body, where it forms numerous

cutaneous muscles adapted to dififerent offices. In the neck, where it is

principally developed, it is called the platysma myaides : in the facial

region it is likewise of great importance,—the occipito-frontalis, the

coi-rugator supercilii, and other muscles connected with the expression

of the countenance, being indubitably but portions of the fleshy pannicle.

In the palm of the hand it is slightly visible, forming the palmaris

brevis ; and even the little muscles connected with the external ear may

be referred to the same series.

(2245.) In Whales, no pelvis or posterior extremities exist ; it is

needless, therefore, to remark that the whole of the muscular system

appropriated to those parts in higher animals must be totally wanting

;

but, in return, the muscles connected with the caudal portion of the

spine are amazingly powerful, so as to render the horizontally expanded

tail an instrument of propulsion adequate to the necessities of these

unwieldy animals. A large triangular muscle is found in the Cexacea

(apparently replacing the quadrutus lumborum, thej9so«s, and the iliacus),

which arises from the lower surface of the last rib, from the last dorsal

vertebra, and also from those of the loins and sacrum : from this power-

ful assemblage of muscular fasciculi, tendons are given ofi" to bo inserted

into the lower surface of the bones that support the tail, converting this
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organ into a mighty oar, adapted by its position to bring the creature
with all speed to the top of the ocean in search of air. It is, as might be
supposed, in the muscles of the limbs that the most important differences
exist. In the anterior extremities, for example, the presence or absence
of a clavicle will materially affect the disposition of the muscles of the
shoulder, as will also the existence of a coracoid process to the scapula

;

nevertheless in their general arrangement they conform to those of Man.
The rliomhoid muscles, which to creatures walking on all-fours must be
important agents, are generally found in quadrupeds to take their origin

as far forward as the head : the serrati magni, likewise, whereby in the

prone position the weight of the body is as it were suspended from the
scapula, must be immensely strong.

(2246.) The muscles acting upon the arm are similar in all the Mam-
malia

; but in the forearm, as might be expected from the very variable

condition of this part of the skeleton, the disposition of the muscular
system varies too, and even the existence of many muscles could not be

expected : thus as the movements of pronation and supination are, from
the immoveable condition of the bones of the forearm, impracticable in

the Cetaceans, the Euminants, the Solipeds, and others, the pronators

and supinators are denied; or, if their representatives exist, they become
simply assistants in flexion and extension. The flexors and extensors

of the wrist are pretty constant ; but the mascles devoted to the hand
and fingers vary in almost every order. The palmaris Jongus, although

generally present where the hand is flexible, is wanting where its action

upon the palmar fascia would be useless, as for example in the Ungulate

tribes.

(2247.) In quadrupeds there are two extensor tendons appropriated

to each of the fingers that correspond to the four outer fingers of the

human hand, whilst in Man the index and little fingers only have

auxiliary extensors.

(2248.) The abductor and extensor muscles of the thumb are not so

perfectly developed in any animals as they are in the human hand. The

short extensor, in fact, is wanting even in Monkeys ; and in the lower

orders of quadrupeds even the extensor longus and abductor are blended

together, or totally wanting.

(2249.) The deep and superficialflexors of the fingers are very gene-

rally met with, the number of tendons furnished by each corresponding

of course to that of the fingers themselves ; but in the Solipeds the two

muscles are almost blended together. Even in the Ruminants, although

these muscles remain separate, their tendons become confounded toge-

ther, and divide again, to be inserted into the phalanges to which they are

appropriated. In these Ungulata, too, as we need scarcely say, the lum-

bricales and interossei are quite deficient ; and the short muscles of the

thumb are completely developed only in Man and in the Quadrumana.

(2250.) It is in the human species only that the lower extremities are
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organized so as to maintain the body iu the erect position ;
and in con-

sequence the glutei muscles in the human body are enormously deve-

loped when compared with those of the lower animals ;
but the other

muscles derived from the pelvis and thigh present but sUght differences

throughout the whole class under consideration. In the leg and foot

likewise it is not difficult to identify the muscles that correspond to

those found in the human subject, but, as in the anterior extremity,

modified in their disposition and mode of insertion in accordance with

the construction of the skeleton.

(2251.) The articulations whereby the different pieces composing the

Mammiferous skeleton are connected to each other are constructed upon

the same principles as in the human body, insomuch that to describe

them even in general terms would be useless.

(2252.) The bones of the cranium and face, as in Man, are joined

together by harmony or by suture. The articulations of the lower jaw

are double, each presenting an interarticular cartilage, except in the

Cetacea, where, instead of such a structure, a very thick, matted, liga-

mentous substance, having its interstices filled with oil, passes directly

from the condyles of the jaw to the temporal bones.

(2253.) The joints of the spine, thorax, and pelvis are all constructed

upon the same principles as the corresponding articulations in the human

subject ; and the same may, with slight exceptions, be said of those of

the extremities. The chief differences will be found in the connexion

between the radius and ulna, the movements of rotation becoming gra-

dually less manifest as we descend from Man : the tibia andjthulsi, too,

ultimately become completely anchylosed to each other. The hip-joint

contains an internal ligamentum teres ; but in a few instances, e. g. the

Ornithorhynchus, the Echidna, the Sloths, the Elephant, the Seals, and

the Orang-Outang, this round ligament is deficient. The arrangement

of the other articulations will be at once apparent on reference to the

figures of the different skeletons already given.

(2254.) Turning to the digestive system of Mammiferous animals,

their teeth first invite our attention. We have already, when describing

the osseous framework of these elevated beings, exposed their general

arrangement in the jaws of the different orders ; but it still remains for

us to explain the varieties of their structure and the mode of their

formation.

(2255.) The most remarkable form of teeth, one indeed that is

unique, is met with in the Whalebone-Whale (Balcena mysticetus). The

teeth in this Cetacean, indeed, are not instruments of mastication, but

form a very curious apparatus, adapted to strain the waves of the sea as

through a sieve, and thus obtain from the ocean a sufficiency of food for

the sustenance of its monstrous body.

(2256.) The whalebone (as it is improperly called) is attached to the

gums of the upper jaw, being arranged in thin flat plates of some
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breadth, and varying in length according to the size of the Whale *.

These plates are placed in several rows, similar to teeth in other animals
;

they stand pa"rallel to each other, having one edge directed towards the

circumference of the mouth. The outer row is composed of the longest

Fig. 544.

Mouth of the Whalehone Whale.

plates ; and these are in proportion to the varying distances between the

two jaws, some being fourteen or fifteen feet long, and twelve or fifteen

inches broad ; but towards the anterior and posterior part of the mouth

they are very short.

(2257.) Inferiorly each plate of whalebone is terminated by a broad

fringe of horny fibres resembling hair ;
and, seeing that in some whales

there are about three hundred plates composing the outer row on each

side of the mouth, the reader may form some idea of the extent of this

enormous strainer, whereby the little Clio borealis, and other small

Mollusca that swarm so abundantly in the Northern ocean, are caught

by shoals preparatory to their being swallowed.

(2258.) For what is known concerning the growth of whalebone, Ave

are indebted to John Hunter ; and as it would be difficult to curtail

his clear and concise description of the process, it is here given in his

own words f :

—

(2259.) " The formation of whalebone is extremely curious, being in

* J. Hunter, on the Structure and CEconomy of Whales (Phil. Trans. 1787).

t Vide supra.
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one respect similar to that of hair, horns, spurs, &c. ; but it has besides

another mode of growth and decay, equally singular.

(2260.) " These plates form upon a thin vascular substance, not

immediately adhering to the jaw-bone, but having a more dense sub-

stance between, which is also vascular. This substance, which may be

called the nidus of the whalebone, sends out thin, broad processes

answering to each plate, on which the plate is formed, as the cock's

spiir or the bull's horn on the bony core, or a tooth on its pulp ; so that

each plate is necessarily hollow at its growing end, the first part of the

growth taking place on the inside of this hoUow.

(2261.) " Besides this mode of growth, which is common to all such

substances, it receives additional layers on the outside, formed from the

above-mentioned vascular substance, extended along the surface of the

jaw. This part also forms upon it a semi-horny substance between

each plate, which is very white, rises with the whalebone, and becomes

even with the outer edge of the jaw. This intermediate substance fills

up the spaces between the plates as high as the jaw, acts as abutments

to the whalebone, or is similar to the alveolar processes of the teeth,

keeping them firm in their places.

(2262.) "As both the whalebone and intermediate substance are

constantly growing, and as we must suppose a determined length neces-

sary, a regular mode of decay must be established, not depending

entirely on chance, or the use it is put to. In its growth, three parts

appear to be formed :—one from the rising cone, which is the centre ; a

second on the outside ; and a third, being the intermediate substance.

These appear to have three stages of duration ; for that which forms on

the cone, I believe, makes the hair, and that on the outside makes

principally the plate of whalebone : this, when got a certain length,

breaks off, leaving the hair projecting, becoming at the termination

very brittle : and the third, or intermediate * substance, by the time it

rises as high as the edge of the skin of the jaw, decays and softens away

like the old cuticle of the sole of the foot when steeped in water."

(2263.) Other kinds of teeth

met with among Mammals are

composed of calcareous earths de-

posited in a nidus of animal mat-

ter, and consequently resemble

bones in the hardness of their

texture. In their simplest form

these teeth consist of but one

kind of material, called ivory
;

and in such cases there is no

distinction into classes as in the
Fovvoise.

* Mr. Hunter means, by " intermediate," interposed between the contiguous plates,

not between the "hair" and the laminated whalebone.
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human subject, every tootli being conical, and formed upon a simple

pulp. Such are the teeth of the Porpoises (Z>eZp7i'm-icZoe) and of theCachulot

Whales (Physeter). The example selected to illustrate their structure and
mode of growth is a preparation of a portion of the jaw of the Bottle-nose

Whale {DelpJiinus tursio), contained in the Hunterian collection*. From
this it is seen (fig. 545) that each tooth of the Cetaceans in question is a

hollow cone of ivory (a, h, c, d), which, on being split longitudinally, is

found to contain a vascular pulp exactly filling up its internal cavity.

It is upon the surface of this pulp that the ivory matter is produced and

deposited, stratum intra stratum, within the tooth, thus gradually adding

to its substance as growth proceeds. In animals possessing a dental

apparatus of this description, Mr. Hunter observed that the teeth are

not at first developed in the jaw, but appear to form in the gum upon

the edge of the maxillary bones, and that they either sink into the;

jaw as they lengthen, or, as is more probably the case, the alveoli rise

to enclose their roots as growth advances. It would moreover appear

that these creatures do not shed their teeth, but that, as the jaw

enlarges, new teeth are constantly produced from behind, while those

towards the symphysis faU off, and their sockets become absorbed

:

thus the size of the teeth is made to keep pace with the increasing

dimensions of the jaw f. The exact number of teeth met vsath in any

species of these Whales will evidently be uncertain.

(2264.) In the Male Narwal (Monodon) there are no teeth implanted

along the margins of the jaws ; but from the intermaxillary bone of the

left side of the face there projects a single tusk of great strength, which

sometimes attains the length of eight or ten feet. This formidable

weapon is fully developed only upon one side of the body; nevertheless

the corresponding tooth exists in a rudimentary condition, enclosed in

the opposite intermaxillary bone.

(2265.) In the Elephant (a creature which so obviously forms a

connecting link between the gigantic Cetacea and terrestrial quadrupeds)

tusks, more ponderous even than that of the Narwal, project from

both intermaxillary bones : but these, as well as the tusks of other

Pachtdermata, grow upon a simple pulp such as that which forms the

teeth of the Bottle-nose Whale, are composed of ivory, Avithout any

enamel, and their growth is only limited by the abrasion to which they

are subject.

(2266.) In by far the greater number of quadrupeds the teeth present

a more complex structure, and consist of two distinct substances of

very different texture—the one analogous to the ivory of the simple

teeth described in the last paragraph, the other, called enamel, of ciys-

talline texture and such extreme density as to A\ithstand being worn

* Preps. Nos. 327 & 328.

t ' The Animal OUconomy,' by John Hunter, with Notes by Riolmrd Owen, E.sq.

F.R.S., p. 353. London, 1837.'
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away by acting upon the hardest materials used as food. Teeth of this

description may bo advantageously divided into two principal groups :

first, those whose growth is continuous during the whole lifetime of the

animal
;
and, second, those which are completed at an early period, and

then cease to grow.

(2267.) The first division includes the incisor teeth of the Rodentia,

or denies scaljprarii, as they have been termed. Such teeth are, in fact,

chisels of most admirable construction, destined to gnaw the hardest

kinds of food, and yet, to all appearance, never wearing away or becoming

blunted by use.

(2268.) The annexed figure (fig. 546) represents a section of the incisor

Fig. 546.

Growth of incisor tooth in the Porcupine : a a, posterior portion of the incisor tooth, composed of

ivory; 6, its anterior layer, formed of enamel; c, ivory-forming pulp; e, enamel-forming

membrane.

tooth and of the left ramus of the lower jaw of a Porcupine {Hystrix

cristata) ; and from this example the structure of such teeth will be

readily understood. The bulk of the tooth consists of solid ivory (a),

which in its texture and mode of growth resembles that of a simple

tusk, being continually grovdng from behind by the addition of new

matter produced from the vascular pulp (c) ; so that, were such a tooth

not worn away constantly at the point, it would curl up over the face

like the tusk of the Babiroussa : and if by accident the opposing tooth

in the upper jaw should be broken off, this circumstance in fact really

takes place.

(2269.) But, besides the ivory-forming pulp (c), there is a vascu-

lar membrane which exists only upon the anterior surface of the

socket, its limits on each side being distinctly marked by a defined line.

This membrane secretes enamel, and coats the convex surface of the

tooth with a thin layer (6) of that dense substance. From this beautiful

arrangement it results that, while the anterior end of the tooth is

perpetually worn away by attrition against hard substances, the ivory

is abraded more rapidly than the enamel that coats it in front : thus,

therefore, the tooth constantly preserves its chisel-like shape, and pre-

sents the sharp cutting-edge formed by the enamel.

(2270.) The second kind of teeth, composed of bone and enamel, are
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limited in their growth ; and the entire crown or projecting portion is

invested with enamel covering its surface. The teeth of all the Carni-
voRA, of the QuADRTJjtfANA, and also of Man, are of this description.

From marked differences in their form in different regions of the mouth,

such teeth are conveniently divisible into different groups, called re-

spectively incisores, laniares or canine teeth, pseudo-molares or false

grinders, and molares or grinding-teeth.

(2271.) "Whatever may be the shape of teeth of this class, their mode
of grovHh is similar to that observed in those of our own species. We

Fig. 547.

G-rowing teeth of a young Lion: a, ivory-forming pulp ; b, ivory ; c, enamel-forming capsule

;

d, d, milk-teeth about to be shed.

have chosen, in order to illustrate this, the growing permanent teeth of

a young Lion, wherein the different organs employed in their formation

are easily distinguishable. The ivory that forms the bulk of the tooth

(fig. 547, 6) is formed by the surface of an internal pulp (a) ; and as it

slowly accumulates, encroaching upon the central cavity, and penetra-

ting more deeply into the socket, the fang is gradually formed, and the

central pulp shrinks until, in the fully formed tooth, it becomes reduced

to a thin membrane richly supplied with vessels and nerves, which lines

the small central cavity that remains.

(2272.) Before the progressively advancing tooth issues from the

nidus wherein it is produced, the enamel is deposited upon the surface

of the ivory by the lining membrane of the capside (c), and becomes

arranged in crystalline fibres placed perpendicularly to the surface of the

ivory, until the whole crown of the tooth is adequately coated with this

important additional substance. Meanwhile the growth of the tooth

still proceeds by the lengthening of its root, until at last the crown

issues from the jaw, and the enamel-secreting membrane (c) becomes

obliterated.

(2273.) The most complex condition of the dental organs is that

found in the molar teeth of herbivorous quadrupeds, which, being de-

stined to act the part of miUstones in grinding down and comminuting

vegetable substances, must necessarily, like the millstones of human



TEETH OF THE ELEPHANT. 831

contrivance, have a grindiug surface, presenting prominent edges and deep

sulci, not liable to become worn even by the continual abrasion to which

they are subjected. In order to attain this end, the ivory and enamel

interdigitato, as it were, in the substance of the tooth, and are, moreover,

imbedded in a third material, not met with in the simpler forms, called

the cemeniiim or cnista petrosa. In consequence of this arrangement,

seeing that the plates of ivory, of enamel, and of cement are all of diffe-

rent degrees of hardness, the softer substances are most easilyworn away,

and thus these compound teeth always offer an efficient grinding surface.

(2274.) By inspecting the accompanying figure (fig. 548) represent-

Fig. 548.

structure of the molar teeth of the Elephant.

ing a section of the tooth of an Elephant, the disposition referred to

will be better understood : the layers of enamel are seen to alternate

with plates of ivory, while all the interstices are filled up by the cir-

cumfused cementum.

(2275.) During the growth of a compound tooth of this description,

the enamel-secreting membranes derived from the capsule of the tooth,

of course, interdigitate with the ivory-forming pulps that arise from the

bottom of the sockets, and thus the hard materials formed by them take

the same arrangement. After these structures have been completed, one

or other of the sets of pulps, most probably the enamel-pulps, changing

their action, fill up all the intervening spaces with the crusta petrosa.

(2276.) As during the growth of a quadruped the size of the jaws is

continually increasing, a necessity exists for changing the teeth once or

oftener during the life of the animal, in order to adapt these organs to

the altered conditions required : hence the necessity for shedding the

teeth of young animals, and replacing them with others of larger dimen-
sions or more numerous than the fiLrst set.

(2277.) This is efi'ected in two different ways, each of which demands
our separate notice.

(2278.) In most quadrupeds, as, for example, in the Carnivora, the
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Quadrumana, and the greater number of herbivorous genera, the succes-

sion of the teeth is provided for precisely in the same way as in our own
species—namely, by the formation of a new tooth below each of the

deciduous ones (fig. 547, d d) ; so that when the latter falls out in con-

sequence of the absorption of its fangs, the former is ready to take its

place. The germ of the second tooth is at first found imbedded in the

jaw-bone, in the immediate vicinity of the roots of the one which it is

destined to replace ; and as its growth advances, the old and used tootli

is gradually removed to make way for the new comer. The steps of this

process are exactly similar to those by which the milk-teeth of a child

are changed ; and the details connected with it are familiar to every

anatomist.

(2279.) But in the Elephant, and some other genera of Paghtdeemata
,

the succession of the teeth is eff'ected in a difierent manner, the place of

the first-formed being supplied by others that advance from behind as

the former become used. Animals exhibiting this mode of dentition

have the grinding-surfaces of their molar teeth placed obliquely* ; so

that if they were to issue altogether from the gum, the anterior portion

would be much more prominent than the posterior, notwithstanding that

the opposed teeth act upon each other in a horizontal plane. The con-

sequence of this arrangement is, that the anterior portion of these teeth

is ground down to the roots, and worn away sooner than the posterior

portion. Moreover the posterior part of the tooth is considerably wider

than the anterior ; so that, as the succeeding tooth advances from behind,

there is always sufiicient room to receive it ; and in this way, by the

time that the first tooth is quite destroyed and falls out, a new one from

behind has already taken its office. There is therefore no absorption

of the roots of these teeth, but they are ground down from the crown

to the stump.

(2280.) The new tooth that thus advances from behind is always of

larger dimensions than that to which it succeeds, because the animal

itself has grown in the interval, and the jaws have become proportion-

ately developed.

(2281.) The Elephant in this way may have a succession of seven or

eight teeth on each side in both jaws, or from twenty-eight to thirty-

two in all ; and nevertheless, seeing that the anterior ones successively

faU out, there are never more than two visible at once above the gums

on each side, or eight in all ;
generally, indeed, there is only one visible

at a time. Every successive tooth is composed of more laminae than that

which immediately preceded it, and a longer time is required to perfect

its growth.

(2282.) Nearly the same account of this process was found in the

manuscripts of John Hunterf, who lucidly accounts for such an aberra-

* Cuvier, Le9on8 d'Anat. Comp. iii. p. 122.

t Descriptive and Illustrated Catiilogup of the Pliysiological Series of Comparative

Anatomy in the Museum of the Royal College of Surgeons of London, Part i.p. 100.
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tion from the ordinary course. " These creatures," says that distin-

guished observer of Nature, " do not shed their teeth as other animals

do that have more than one ; for those that have more than one tooth

can aiford to be for some time without some of their teeth : there-

fore the young tooth comes up in many nearly in the same place vpith

its predecessor, and some exactly underneath ; so that the shedding tooth

falls sometimes before the succeeding tooth can supply its uses. But

this -would not have answered in the Elephant ; for if the succeeding

tooth had formed in the same situation with respect to the first, the

animal would have been for some time entirely deprived of a tooth on

one side ; or at least, if it had one on the same side in the opposite

jaw, that one could have been of no use ; and if this process took place

in both sides of the same jaw, and in either jaw, the animal would have

been entirely deprived of any use of the two remaining."

(2283.) The teeth of Mammalia being thus adapted to so many
various oflS.ces, and serving, under different circumstances, to hold, to

bruise, to cut, to tear, or to grind alimentary substances, we must natu-

rally expect the movements of which the lower jaw is capable to be in

correspondence with the nature of the dental apparatus.

(2284.) In Man-, as the student well knows, in consequence of the

laxity of the ligaments that connect the inferior maxilla with the tem-

poral bone, and the thickness of the articular cartilage that is interposed

between the convex surface of the condyle and the shallow glenoid

cavity, every kind of motion is permitted, in conformity with the omni-

vorous habits of the human race ; and the temporo-maxillary articula-

tion is no longer a mere hinge, but the teeth can be made to act upon

each other by rubbing their grinding-surfaces in all needful directions.

In the Herbivorous quadrupeds these triturating motions are likewise

extensive. In the Eodentia the movements of the lower jaw are prin-

cipally backwards and forwards, thus giving fi-ee play to their chisel-like

teeth whilst employed in eroding hard substances ; and in the Caenivoka,

where there is no necessity for any grinding motion, the condyle is so

locked into a deep and transverse glenoid cavity, that the movements of

a hinge only are permitted.

(2285.) But whatever the degree of motion conferred upon the lower

jaw, the muscles that act upon it are exactly comparable to those of the

human subject. The masseter is strengthened in proportion to the hard-

ness of the substances used for food ; the temporal covers a greater or

less extent of the cranium as the jaws are stronger or more feeble ; and
even the pterygoid muscles differ only , in relative size and form from
those of Man.

(2286.) The digastric muscle, however, which is an important agent
in depressing the lower maxilla, does not preserve the same arrange-
ment in the lower quadrupeds that it presents in the human species.

In Monkeys, indeed, it still exhibits two fleshy bellies, and a central

3 H
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tendon that traverses the stylo-hyoideus ; but in general it is a single

fleshy muscle, arising from the neighbourhood of the mastoid process,

and inserted near the angle of the jaw.

(2287.) The tongue, in nearly all the Maramifcra, is composed of the

same muscles as in Man ; and their disposition is so similar as to render

any detailed enumeration of them quite unnecessary. The only excep-

tions worthy of notice are found in the Ant-eater {Myrmecopliaga)

and in the Echidna, animals possessing tongues of remarkable length

and slenderness, by means of wliich they secure their insect prey.

(2288.) In both these animals the tongue suddenly becomes much

contracted at the place where it begins to be free from the surrounding

parts. In then appears to be made up of two very long and slender

muscular cones, laid one upon the back of the other, their apices being

at the end of the tongue*. Each of these cones consists of two muscles

—

one external, composed of a multitude of distinct fasciculi investing the

internal muscle in a circular manner, and forming around it numerous

little rings resembling the annelli of an earthworm. The internal

muscle, on the contrary, is of great length ; it arises from the middle

and upper part of the sternum, runs forward along the neck, passes

between two layers of the mylo-glossus, and afterwards becomes sur-

rounded by the annular muscle ; it is composed of distinct fasciculi,

rolled upon themselves in an elongated spiral ; the external fibres termi-

nate at the first rings ; those beneath attain the rings that succeed, and

so on until the innermost fibres reach quite to the extremity of the

tongue. It is easy to perceive that, by its action, this .
muscle will

shorten the tongue until it lies in a very smaU compass, or bend it in

any direction ; whilst the annular muscle wiU lengthen it, exactly in

the same way as the body of a leech is extended or contracted.

(2289.) In the Ant-eater the annular muscle does not appear so

distinctly double as it does in the Echidna; but it forms by itself

almost all the substance of the tongue, which is thus capable of being

elongated to a wonderful extent.

(2290.) Eegarding the tongue with reference to the sense of taste,

the Mammalia may be looked upon as the only animals capable of

receiving much enjoyment from this source, since in them alone the

lingual mucous lining seems to be perfectly adapted to gustation. Even

among these highly endowed creatures, it is only in Man, and those

Herbivorous orders that prepare their food in the mouth by a prolonged

mastication, that the sense in question exhibits much delicacy of per-

ception; for Carnivorous quadrupeds, seeing that they tear to pieces

and swallow their food in large morsels, can scarcely be supposed to pay

much attention to its sapid qualities.

(2291.) In the Cat tribe (Felidce), indeed, all the middle portion of the

surface of the tongue is covered over with sharp, recurved, and horny

* Cnvier, LP9on8 cVAnat. Comp. iii. p- 2()4.
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spines, adapted, as it were, to file off remnants of soft flesh from the

bones of their victims ; and the gustatory papillae are elsewhere of

small dimensions, The tongue of the Porcupine, likewise, is armed on

each side near its extremity with broad, horny and sharp scales ;
but,

with these exceptions, the mucous covering of the tongue, the various

kinds of papiUae upon different parts of its surface, and, moreover, the

distribution of the nerves supplied to it, differ in no important circum-

stance from what is observed in the human organ of taste.

(2292.) Importantly connected with the perfection of the sense of

taste, and materially assisting in the mastication of food, is the salivary

apparatus, which, throughout all the Mammalia, is made up of glands

that offer the same general arrangement as in Man.

(2293.) The parotids vary principally in their proportionate size ; and

their ducts always perforate the lining membrane of the mouth in the

vicinity of the molar teeth.

(2294.) The submaxillary and the sublingual glands are also very

generally present : and, as in the human subject, the saliva that they

furnish enters the mouth beneath the under surface of the tongue.

(2295.) The mucous lining of the lips and cheeks is likewise studded

with muciparous follicles, called from their situation, buccal, molar, or

labial glands ; these likewise serve to lubricate the oral cavity.

(2296.) In the Seals (Phocidce) there are no parotids, neither are

these glands found in the Echidna Jiystrix, or in the Ant-eater (Myrme-

cophaga) ; but in the last-named genus their place is supplied by two

other secreting organs, of which Cuvier gives the following description*.

One is in contact inferiorly with the upper edge of the masseter muscle,

and fills up a great part of the space that represents the temporal, zygo-

matic, and orbital fossae, where it partially embraces the globe of the

eye: the excretory duct derived from this gland opens into the mouth
behind the superior maxillary bone. The other, which is probably

destined to furnish the viscid secretion that coats the worm-like tongue

of this animal, is oval and flat, lying in front of the tendon of the mas-
seter, behind the angle of the lips, and then running along the edge of

the lower lip as far as its middle. Its canal opens extern ally in a

groove at the commissure of the lips ; and a white, thick and tenacious

fluid may be pressed out from the cells of which the gland seems to be

made up.

(2297.) In a few species, in addition to the salivary glands met with

in Manf, there is a group, apparently a continuation of the molar,

which mounts up along the superior maxUlary bone, beneath the zygoma,

even to behind the globe of the eye. The excretory ducts derived from

this group pierce the mucous membrane near the posterior margin of

the superior alveolar ridge. Such an arrangement is mot with in the

Ox, the Sheep, and the Horse.

* Lemons d'Anat. Corap.iii. p. 216. t Le9ons d'Anat. Comp. iii. p. 210.
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(2298.) In the AMPnoiotrs Mammalia tho salivary system is very

feebly developed ; and in the Cetacea, as might be expected from their

habits, no salivary glands whatever are to be detected.

(2299.) Before considering the mechanism of deglutition in the Mam-
malia, "WO must, in the next place, briefly describe their lnjoid appa-

ratus—more especially as this remarkable system of bones, which in

the lower Vertebrata was so importantly connected with the respiratory

function, is now reduced to an extremely simple condition, and, although

it is stni intimately connected with the larynx, is more particularly

remarkable as forming a centre of attachment for almost all the muscles

of the throat.

(2300.) Perhaps there is no part of the bony framework of the body

that exemplifies more strongly than the os hyoides the impossibility of

attaining correct physiological views relative to the composition of the

skeleton by the mere examination of the human subject. Let the

student, for instance, compare for a moment the os hyoides of Man with

that of the Pish, or of the Amphibious Reptile, and endeavour, in the

simple segment of a circle presented by the one, to find the analogues

of the body and complicated arches of the others ;
then, doubtless, he

will find that, without some intermediate gradationc of form, it is not

easy to trace the slightest relationship between them.

(2301.) The human os hyoides consists of a central portion and two

cornua ; but these are generally so completely consolidated as to form

but one bone, which is connected by the interposition of a broad liga-

ment with the upper margin of the thyroid cartilage ; moreover two

smaller appendages, called^ the lesser cornua, are articulated to the

upper surface of the hyoid bone, close to the point of junction between

the cornua majora and the body, whence ligaments, called the stylo-

hyoid, pass upwards and backwards to the styloid processes of the

temporal bone.

(2302.) All the apparatus of hyoid arches passing between the body

of the bone and the base of the cranium, which were so largely deve-

loped in the lower Vertebrata, have therefore totally disappeared ; and

the question to be solved is, how we may identify the remaining portions

with any of the elements of the more complex structures that have come

imder our notice.

(2303.) Difficult as this would be to the student who had confined

his attention to the human body, on referring to the os hyoides of a

quadruped, one of the Carnivora for instance, the analogies become at

once perceptible. The body (fig. 549) is evidently the representative of

the central portion of the hyoid apparatus in Pishes, in Eeptiles, and in

Birds, which have been described in preceding pages. The lingual

elements, found even in Birds, are quite obliterated; but two arches

still remain. The posterior of these (fig. 549), which represent the

larger cornua of the human os hyoides, do not reach the cranium,
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Fig. 549.

Os hyoides.

but, as in Man, are attached by muscle and ligament to the thyroid

cartilage ; while the anterior cornua, so small in Man, are in quadrupeds

by far the largest, each consisting of two pieces, of which the second

are articulated with the extremities of

the styloid bones ; and these last are in

turn joined to the temporal bones by

means of articulating surfaces. In Man
the styloid bones become anchylosed

with the temporal, giving rise to the

" styloid processes ;
" and the interme-

diate pieces of the anterior cornua have

their places supplied by ligaments (the

stylo-hyoid) : in this way, therefore, the

hyoid apparatus attains the form that

it exhibits in the human skeleton.

(2304.) The muscles connected with

the OS hyoides in quadrupeds corre-

spond with those met with in the Tinman

body ; and their action in effecting the

deglutition of food is well known to the anatomical reader.

(2305.) The passage of the fauces in the Mammalia presents an

organization peculiar to the class, and exhibits structures adapted to

prevent alimentary materials from entering the air-passages during the

operation of swallowing. The most remarkable of these is the epiglottis,

forming a valvular fibro-cartilaginous lid, that accurately closes the

opening of the larynx during the transit of food into the throat. The

communication between the posterior nares and the faucial cavity is

likewise protected by a musculo-membranous valve, called the velum

2>endidum palati ; but as, with the exception of the Cetacea, hereafter

to be noticed, the arrangement of these parts exactly resembles what is

seen in the human subject, it would be superfluous to describe them

more minutely in this place.

(2306.) The bag of the pharynx in all the Mammalia is similar in its

structure to that of Man ; and its muscles, namely the stylo-pharyn-

geus and the three constrictors, although stronger than in our own

species, offer no differences worthy of more particular notice,

(2307.) The oesophagus, leading from the termination of the pharynx

into the stomach, is a long muscular tube that traverses the chest in

front of the bodies of the dorsal vertebra?, and, having pierced the

diaphragm, reaches the abdominal cavity. Its lining membrane is

loose and much plicated, so as to allow of considerable dilatation ; but

externally its walls are very muscular, the surrounding muscles being

arranged in two distinct layers. In Man the outer stratum of muscular

fibres is disposed longitudinally, while the inner layer consists of

circular fibres ; but in most other Mammalia both these layers assume
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a spiral course, and cross each other obliquely as they embrace the

osBophageal tube.

(2308.) The stomach itself presents such endless diversity of form,

that merely to enumerate all the details that have been amassed relative

to this part of our subject would fill many volumes, without perhaps at

aU advancing our real knowledge concerning the progress of digestion
;

wc must therefore content ourselves with a very general view of the

organization of this important viscus, and regard the MammaUa as

possessing either simple, complex, or compound stomachs, each of which

will deserve a distinct notice.

(2309.) In the simple form of stomach the organ consists of a single

cavity, as is the case in the human species. Let the shape of the viscus

be elongated, pyriform, or globular (for ia this respect there is ever}''

possible variety), whatever its form, or the relative positions of the

cardiac and pyloric orifices, its structure corresponds with that of Man
in all' essential particulars. This kind of stomach exists in by far the

greater number of Mammals.

(2310.) In the complex stomach the viscus is made up of several

compartments communicating with each other, but without presenting

any differences of organization such as in the present state of physio-

logical knowledge would lead us to suppose them to possess different

functions : neither are we at all able to find any connexion between

such an arrangement and the nature of the substance used as food.

The Kangaroo (Jfa-

cropus major^, the

Kangaroo Rat {Eyp-

siprymnus), the Por-

cupine (Hystrix), and

theHyraxare amongst

the most striking ex-

amples.

(2311.) The com-

pound stomach is that

possessed by the Ett-

MiNANTiA, or animals

that chew the cud, and

consists of four di-

stinct cavities, differ-

ing very materially

both in their size and

in the arrangement of

their lining mem-
branes. The first and

by far the largest ca-

vity (fig. 550, rZ) is called the paunch {rumen), and is of very great

Fig. 550.

Stomach of the Sheep: d 6, CBSophngus, terminating in two

channels, one leading to the rumen or paunch d, the other

opening into therc/ioK^itni, c; e, tlie third stomacher pmUenum,
leading to tlie fourth or abomusuf,/; g, the p3'lorus.
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size, occupying a considerable portion of the abdominal cavity and

forming the great receptacle into which the crude vegetable aliment is

received when first swallowed : this chamber is lined with shaggy viUi.

The second cavity {reticulum) (c) is much smaUer ;
and its waUs are

covered with numerous polygonal ceUs, whence it derives the name it

bears. The third chamber (e), called the psalterium, has its lining

membrane disposed so as to form deep lameUse, arranged longitudi-

nally in alternating large and small layers, and thus presenting a

most extensive surface. The fourth stomach (abomasus) (/) also

exhibits very numerous folds of mucous membrane : it is of a pyri-

form shape, and by its smaller end terminates at the pylorus (g). The

first three stomachs are lined internally with a thin cuticular invest-

ment ; but the last, apparently the representative of the single stomach

of those quadrupeds that have but one stomachal cavity, is coated with

a soft membrane that furnishes abundantly the ordinary gastric secre-

tions, and appears to be more especially the digestive stomach.

(2312.) The passage of the food through these difi'erent chambers

will be easily understood on referring to the preceding figure, in which

the course of the aliment before and after rumination is indicated by

the direction of the probes a, h. The oesophagus, it will be observed,

communicates on the one hand with the paunch {d), and on the other

with the cavities ce, f; and moreover, by means of a muscular fold

formed by the walls of the second cavity, a passage may be formed

leading directly into the third stomach (e) without communicating with

the second (c). The process of rumination, therefore, would seem to be

effected in the following manner ;—The herbage when first swallowed

in an unmasticated condition passes into the capacious paunch (cZ),

where it accumulates, and undergoes, no doubt, a kind of preliminary

maceration. When the Euminant has done grazing, and is at leisure,

the food is again regurgitated into the mouth, to undergo more careful

and complete mastication : for this purpose, a part of it is admitted into

the reticulum (c), and there formed into a smooth and lubricated bolus,

which, being expelled into the oesophagus, is immediately seized by the

spiral muscles surrounding that canal and forced forwards into the

mouth. After undergoing a thorough trituration, the aliment is once

more swallowod, and it then enters into the third stomach (e), passing

along the muscular fold that leads from the oesophagus into that com-

partment. Here it is spread out over the extensive surface formed by

the laminated walls of the psalterium, and is prepared for admission

into the last cavity (/), which, as has been said, is the true digestive

stomach.

(2313.) "While the young Ruminant continues to be nourished by

its mother's milk, the first three cavities are undeveloped and compara-

tively very small—so that the milk passes on immediately into the

fourth stomach, to be at once appropriated as aliment.
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(2314.) In tho Camel, the Dromedary, and the Llama, the walls of

the reticulum aud of a portion of the paunch are excavated into deep
cells or reservoirs bounded by muscular fasciculi, wherein water may
be retained in considerable abundance, unmixed with the contents of the
stomach

:
it is in consequence of this arrangement that these animals

are able to subsist for many days without needing a fresh supply of

water, even during long journeys in a tropical climate.

(2315.) In tho Cetacea the stomach consists of several bags that

communicate with each other. These bags vary from five to seven in

number; but in the present state of our knowledge concerning the

physiology of digestion it is difficult to divine what is the purpose of

such an arrangement, more especially as rumination is here out of the

question. The first stomach of the Whale, however, is no longer merely

a reservoir*, as the food undergoes a considerable change in it. The
flesh of its prey is entirely separated from the bones, which proves that

the secretion of this cavity has a solvent power. This was found to be

the case in the Bottle-nose Porpoise and in the large Bottle-nose Whale,

in both of which several handfuls of bones were contained in the first

cavity, without the smallest remains of the fish to which they had
belonged. In others the earth had been dissolved, so that only the soft

parts remained
;
and, indeed, it is only partially digested materials that

can be conveyed into the second and third cavities, the orifices being too

small to permit the bones to pass.

(2316.) The rest of the ahmentary canal in most quadrupeds, like

that of Man, is divisible into the small and the large intestines,—the

division between the two being marked by one or even two appendages,

called respectively the caecum and the appendix vermiformis.

(2317.) The small intestines require no particular description, as in

aU minor circumstances, such as their proportional length and diameter,

or the number and arrangement of the valvulce conniventes, they do

not differ from the human. The large intestines, however, offer very

great variations of structure, and will therefore merit our more attentive

consideration ; we shall accordingly lay before the reader the following

resume of the principal facts connected with the subject, as given by the

indefatigable Cuvier *.

(2318.) In Man, the Orang (Simia), and the Wombat (Phascolomys),

both caecum and vermiform appendage are met with.

(2319.) In the other QirADRxrMANA, the Digitigbade Carnivoba, the

Maesxjpiaita, the Eodentia, the Pachtdebmata, the Rtjminantia, the

SoLiPEDS, and the Amphibious Mammals, there is a caecum without any

vermiform appendage.

(2320.) Neither ccecum nor appendix vermiformis is foxmd in the

Edeniata, the Plantigrade Carnivoba, or the CetacejV.

* Sir E. Home, Lectures on Comparative Anatomy, vol. i. p. 225.

t Le9ons cl'Anat. Oomp. iii. p. 465.
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(2321.) Numerous exceptions, of course, occur to the above summary ;

but it would be useless to notice tliem in a survey so general as the

present.

(2322.) Even where no ca3cum exists, the separation between the

large and small intestines is generally indicated by a valve (ilio-cohc)

formed by the lining membrane of the bowel : this, for example, is the

case in the Sloths and Armadillos,

(2323.) In aU the Mammalia that possess a ctecum, this organ ap-

pears to be a prolongation of the colon beyond the point at which the

smaU intestine enters its cavity. The caecum thus formed varies ma-

terially, both as relates to its size, shape, and structure : in animals

that live upon vegetables, and even in some that are omnivorous, it is

generally very large, gathered into sacculi, and often distinctly glandular;

but in such as live upon flesh it is always smaU, and its cavity smooth,

resembling a small intestine.

(2324.) The assistant chylopoietic viscera, namely the liver, the

pancreas, and the spleen, are constructed upon the same principles as in

the human subject, and, except in a few minor circumstances, offer little

to arrest our particular notice.

(2325.) The liver occupies the same position as in Man, being prin-

cipally situated in the right hypochondrium, where it is securely sus-

pended by broad folds of peritoneum connecting it to the abdominal

surface of the diaphragm and to the circumjacent parts. It is most

frequently, especially in the more active carnivorous families, divided by

deep fissures into several lobes—a disposition whereby the free movement

of this part of the body is evidently facilitated. The gall-bladder, when

present, which is not invariably the case, receives the bile indirectly

through a cystic duct derived from the hepatic ; so that the bUiary fluid,

poured into the duodenum through a ductus communis cTioledocJius, is

derived either immediately from the liver, or is regurgitated from the

gall-bladder as occasion requires.

(2326.) The pancreas resembles the human in every particular ; and

its secretion enters the duodenum at the same point as that of the

liver.

(2327.) The spleen is always attached to the stomach by a dupKcature

of the peritoneal lining of the abdomen, and is organized in the same

manner as that of Man, except in the Cexacea, where this viscus is

divided into several small portions quite distinct from each other.

(2328.) The system of the vena portce is made up of the venous

trunks derived from the spleen, the stomach, the pancreas, and the in-

testinal canal : these all unite to form one large central trunk, which,

after entering the liver, again divides and subdivides minutely in that

viscus, and furnishes the venous blood from which the bile is prin-

cipally, if not entirely, elaborated.

(2329.) The peritoneum, or the serous membrane lining the abdomi-
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nal cavity, forms in the Mammalia a shut sac, and by its mimcrous in-

flexions invests all the chylopoietic viscera, forming broad mesenteric
folds to support the in-testines ; it thus encloses between its laminae the

entire system of mesenteric vessels, and also the lacteals derived from
the alimentary canal : as to the rest, its structure and disposition, even

to the formation of the omental sacs, diflPer in no important respect from

what is found in the human body.

(2330.) The chyle, the result of the digestive process, is taken u])

from the mucous lining of the intestinal canal by innumerable micro-

scopic orifices that form the commencement of the lacteal system, which

in the Mammalia seems to assume its most perfect development. This

important system of absorbent vessels consists of slender canals enclosed

between the two layers of the mesentery, to the root of which they con-

verge from all the tract of the intestine. The valves formed by the

lining membrane of these tubes are in Mammals so numerous and perfect

that it is no longer possible to inject them from trunk to branch. Before

terminating in the thoracic dact, these vessels permeate numerous
" mesenteric glands," as they are called, by means whereof they appear

to communicate freely with the venous system ; but the bulk of the

matter absorbed enters a kind of reservoir called the " receptaculum

chyli," whence, by means of the iJioracic duct, the chyle is conveyed to

be mixed up with the mass of circulating fluid, and is ultimately poured

into the vena innominata at the junction of the jugular and subclavian

veins on the left side of the body.

(2331.) The lymphatic system of Mammals, as far as it has been

studied, conforms in its arrangement to that of Man.

(2332.) Neither will it be at all necessary to describe at any length

the construction of the respiratory and circulatory organs in the class

now under consideration, seeing that the structure of the lungs, the

mechanism of respiration, the arrangement of the pulmonary vessels, the

cavities of the heart, and the general disposition of the arteries and

veins of the systemic circulation diff'er in no material circumstance

from what is met with in the human subject.

(2333.) The lungs, occupying the two sides of the chest, are each

contained in a distinct chamber, formed by the ribs and diapliragm,

without in any part adhering to its walls. Each lung is enclosed in a

serous cavity formed by the pleura, which, after lining the ribs, the

intercostal muscles, and the thoracic surface of the diaphragm, is re-

flected on to the lung itself at the point occupied by the roots of the

pulmonic vessels, and invests the entire surface of the viscus ;
it more-

over passes deeply into those fissures that separate the lung into several

distinct lobes.

(2334.) In the interspace between the two pleurae, called the me-

diastina, is lodged the heart, contained in a fibro-serous envelope (the

pericardium); and behind this the cesophagus, accompanied by the
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principal trunks of the vascular system, passes through the thorax into

the abdomen.

(2335.) Each lung is a closed bag, composed of innumerable cells

that communicate with the terminations of the bronchial tubes, and

collectively present an immense surface, over which the blood contained

in the capillaries of the pulmonary vessels is made to circulate.

(2336.) The inspiration and expiration of air are effected by the alter-

nate movements of the diaphragm and of the walls of the thoracic cavity,

whereby the atmospheric fluid is drawn into and expelled from the

pulmonary cellules, and is thus constantly renewed as it becomes dete-

riorated by the abstraction of the oxygen consumed during the process

of converting the venous into arterial blood.

(2337.) The purified blood, after passing through the pulmonary

capillaries, is collected in an arterialized condition by the pulmonary

veins, and conveyed to the systemic side of the heart, which offers the

same aiTangement throughout the entire class, consisting of an auricular

chamber (fig. 551, c) and of a very muscular ventricle (a), the auriculo-

ventricular opening being guarded by mitral valves and columnce carnece,

similar to those found in the human heart. Prom the left ventricle the

blood is driven into the aorta (d), the commencement of which is

guarded by three semilunar valves ; and thus it passes through the

entire system.

(2338.) When again collected from the periphery of the body, the

now vitiated fluid is returned to the heart by the venous system, and

poured through the ven(s cavce into the right or pulmonic auricle ; and

hence it passes into the right ventricle (fig. 551 b), to be again returned

through the pulmonary artery to the liangs, thus completing the circu-

lation.

(2339.) But although the general arrangement of the circulatory and

respiratory organs in all Mammals thus in every respect resembles that

which exists in the human body, there are of necessity variations in

the distribution of certain parts of the sanguiferous system, adapted to

the peculiarities of organization presented by the different orders and

even by the different families of this great class, which must not be

wholly passed over in silence.

(2340.) In the Cetacea, for instance, many interesting circumstances

are observable in the arrangement of the vascular system.

(2341.) In the herbivorous genera, as for example in the Dugong, the

two sides of the heart axe separated to a considerable extent by a deep

fissure (fig. 551, a, b), so that the pulmonary and systemic hearts are

much more evidently distinct viscera than they appear to be in the qua-

drupedal forms ; nevertheless in the Whalebone and Spermaceti Whales

the heart assumes the usual appearance, and is only remarkable for its

amazing size
;

this, indeed, may have attracted the notice of Hunter*

* The Animal (Economy, by J. Hunter, with Notes by Professor Owen, p. 366.



844 MAMMALIA.

while investigating such gigantic beings. " In our examination of parti-

cular parts," says that eminent anatomist, " the size of which is generally

regulated by that of the whole animal, if wo have only been accustomed

to see them in those which are small or middle-sized, we behold them
with astonishment in animals so far exceeding the common bulk as the

Whale. Thus the heart and

aorta of the Spermaceti ^^S- 551.

Whale appeared prodigious,

being too large to be con-

tained in a wide tub, the

aorta measuring a foot in

diameter. When we con-

sider these as applied to the

circulation, and figTire to

ourselves that probably ten

or fifteen gallons of blood are

thrown out at one stroke,

and moved with an immense

velocity through a tube a

foot in diameter, the whole

idea fills the mind with

wonder."

(2342.) In the arrange-

ment of the blood-vessels

of the Cetacea, many inter-

esting peculiarities are met with*. The general structure of the

arteries, indeed, resembles that of other Mammals ; and where parts

are nearly similar, their distribution is somewhat similar. But these

animals have a greater proportion of blood than any others known

;

and there are many arteries apparently intended as reservoirs, wherein

a large quantity of arterial blood may accumulate, apparently for im-

portant purposes, where vascularity could not be the only object. Thus

the intercostal arteries divide into a vast number of branches, which run

in a serpentine course between the pleura and the ribs, and penetrate

the intercostal muscles, everywhere lining the walls of the thorax.

These plexiform vessels, moreover, pass in between the ribs near their

articulation, and anastomose extensively with each other. The medulla

spinalis is likewise surrounded by a network of arteries in the same

manner, more especially as it comes out from the brain, where a thick

substance is formed by their ramifications and convolutions ; and these

vessels most probably anastomose with those of the thorax. The precise

function assigned to this extensive plexus of arteries has not been as

yet satisfactorily determined, although it is doubtless a receptacle wherein

arterial blood is stored up during the long-continued submersion to

which these animals are so frequently subjected.

* Hunter, tit supra, p. .3(i5.

Heart of the Dugong, seen from behind (reversed)

:

a, left ventricle laid open ; b, right ventricle laid open

;

c, left auricle ; d, aorta ; e, puhnonary artery.
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(2343.) As the Cetacea have no pelvic extremities, the aorta, instead

of bifurcating into iliac arteries, is entirely appropriated to supply the

enormous tail, beneath which it is continued, enclosed in a canal fomed

by the roots of the inferior spinous processes of the caudal vertebra;,

that are here again developed as in fishes.

(2344.) The venous system in the Cetacean order is equally remark-

able for the plexuses formed by it in different parts of the body ; of

these, the most important communicates with the abdominal cava, and is

of immense extent. The veins of these creatures, moreover, are almost

entirely deprived of valves ; so that every possible arrangement has

been made to delay the course of the circulating blood during the tem-

porary suspension of respiration that occurs whenever the animal

plunges beneath the surface of the water.

(2345.) In other aquatic Mammals that dive, and are thus subjected

to prolonged immersion, large dilatations are found connected with the

piincipal trunks of the venous system in the neighbourhood of the

heart, in order to prevent a dangerous distention of these veins while

the circulation is impeded and respiration put a stop to. This is parti-

cularly remarkable in the Seal tribe ; and in these Carnivora we are

assured by good authorities that it is not uncommon to find the foramen

ovale of the heart, and the ductus arteriosus, which in the foetus allows

blood to pass from the pulmonary artery directly to the aorta, still open

even in the adult animal ; but this arrangement, as we are weU satisfied,

is by no means to be regarded as the normal structure of the heart of

a Seal.

(2346.) In many of the long-necked herbivorous quadrupeds a pecu-

liar provision has been made in the disposition of the internal carotid

arteries, apparently intended to equalize the force of the blood supplied

to the brain in different- positions of the head : for this purpose the

arteries referred to, just as they enter the skull, divide into several

branches, which again unite, so as to assume a kind of plexiform

arrangement, forming what is called the rete mirabile of old authors.

The effect of this subdivision of the main trunk into so many smaller

channels wiU evidently be to moderate the rapidity with which the

blood would otherwise enter the cranium, and thus preserve the brain

from those sudden inflxixions to which it would otherwise be constantly

liable.

(2347.) We must likewise notice a structure, in some respects similar

to the above, that exists in the arteries both of the anterior and pos-

terior extremities of the Sloth {Bradypus'). In these slow-moving

animals, the axillary and iliac arteries, just before entering the limbs

to which they are respectively destined, suddenly divide into numerous
small channels, which again unite into one trunk before the arteries of

the member are given off. No doubt such an arrangement will very
materially retard the course of the blood as it flows through these multi-
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plied canals, and perhaps is closely connected with the long-enduring
strength of muscle that enables these creatures to cling without fatigue

to the branches whereby they suspend themselves.

(2348.) Innumerable other minor differences in the course and dis-

tribution of the blood-vessels might of course be pointed out, a few
of which may require notice elsewhere

;
but, generally speaking, the

arrangement of the vascular system in all quadrupeds is so similar, that

the anatomical student who may push his researches thus far will never

be at a loss in identifying the different vessels and comparing them with

those found in the human body,

(2349.) Although the respiration of Mammalia is inferior, as regards

the extent to which their blood is exposed to the influence of the atmo-

sphere, to the perfection of this process in Birds, nevertheless such is

the elevated temperature of the body in these hot-blooded animals that

a warm covering of some non-conducting material is here absolutely

requisite, to retain the vital warmth, and defend them against the ther-

mometrical changes of the element they inhabit. Their skin is gene-

rally, therefore, clothed with a warm covering of hair, a cuticular struc-

ture the nature and growth of which it behoves us now to examine.

"We must first, however, notice the organization of the skin itself ; and

then the nature of the various structures employed to defend it will be

readily understood.

(2350.) The skin of all Mammals, like that of the human body, con-

sists of the cutis or vascular true skin, of the epidermis or cuticle,

and of a thin layer of pigment interposed between the two, which is a

diversely coloured secretion deposited, like the cuticle, upon the surface

of the cutis.

(2351.) The hairs that cover the quadruped, whatever be their form

or thickness, are cylinders of horny or cuticular substance, that grow

upon so many minute vascular pulps, from the surface of which the

corneous material is perpetually secreted. Some kinds of hair are per-

manent, and, if constantly cut, will continue to grow during the whole

life of the animal ; such is the hair of Man, and that which forms the

mane and tail of the Horse : but generally the hair is shed at stated

periods, to be replaced by a fresh growth. For the most part these

structures are so minute that the apparatus employed in forming

them escapes observation ; but in very large hairs, such as those that

compose the whiskers of the Seal, or of the Lion, it is not difficult to

display the organs by which they are secreted. The appended figure,

taken from one of the drawings in the Hunterian collection, represents

a section of the lip of a young Lion ; and in it all the parts connected

with the growth of the larger hairs are beautifully displayed. A bulb

or sacculus, formed by an inward reflexion of the cutis (fig. 552, b, c),

and lined by a similar inflexion of the cuticle (/), contains in its fundus

a vascular pulp {g,g,g), well supplied with large vessels and nerves (7i).
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It is from the surface of the pulps (g), exhibited upon a magnified scale

at A, that the horny stem of the hair is gradually secreted ;
and its

length of course increases in proportion to the accumulation of corneous

matter continually added to the root.

(2352.) Various are the appearances of epidermic appendages in every

way analogous to hair both as relates to their composition and mode of

growth, and widely different the uses to which they may be converted :

the wool of the Sheep, the fur

of the Eabbit, the spines of the -^^S- 552.

Hedgehog, the quills of the

Porcupine, the scaly covering

of the Manis, and even the ar-

mour that defends the back of

the Armadillo are all of them

but modifications of the same

structures, adapted to the al-

tered conditionsunderwhich the

creatures live. Even the horn

upon the snout of the Ehino-

ceros is but an agglomeration

of hairy filaments, formed upon

a broad and compound pulp.

The nails that arm our fiLagers

and toes, the corneous sheath

that invests the horns of the

Ox and Antelope, nay, the hoofs

of herbivorous quadrupeds are

all epidermic secretions from

the vascular cutis—or, in other

words, are hairs, altered in their

form and extent according to

the exigencies of the case.

(2353.) Widelydifferent, how-

ever, are the so-called horns of

the Deer tribe, which in reality

consist of bone, and, being de-

ciduous, have to be reproduced from year to year by a most peculiar and

interesting process. No sooner does the return of genial weather again

call forth the dormant reproductive energies of the system, than the bud-

ding antlers begin to sprout from the forehead of the Stag, and rapidly

expand in their dimensions from day to day. On making a longitudinal

section of the young horn, it is found to be continuous with the os

frontis, having its outer surface covered with a vascular periosteal

membrane derived from the pericranium, which in turn is protected by

a fine velvety skin. Moreover, when a growing antler is injected

Section of the lip of a young Lion. (After Hun-
ter. ) A. Base of one of the vibrissee or long hairs

ofthewhiskerSjShowingthevasoularpulp. B. Bulbs
of the vibrissee seen in section : e, cutis ; J", cuticle

;

g, vascular pulp ;
h, nerves and vessels supplying

the pulp ; i, stem of the hair; k, its internal cavity;

a, short hairs of the general surface of the skin.
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minutely, and its earthy matter removed by means of an acid, vessels

derived from the periosteum are found to traverse it in all directions,

proving its identity with real bone. As gro^vth goes on, the external
carotid arteries, thus called upon rapidly to furnish a prodigious supply
of materials, dilate in a remarkable manner, and soon the palm and the
antlers of the horn have acquired their full dimensions. No sooner is

this accomplished than a prominent ring or hurr is formed around the

base, which, projecting outwards, compresses and soon obliterates the
vessels that have hitherto supplied the growing defences. The circu-

lation being thus put a stop to, the soft teguments and periosteum

peel off in strips ; and the bone, denuded of its covering, becomes a
formidable weapon.

(2354.) At the close of the breeding-season the removal of the horns
is speedily effected: the connexion between their bases and the os

frontis is gradually weakened by interstitial absorption, until at length

a slight effort is sufficient to detach the branching honours of the Stag,

and they fall off, leaving a broad cicatrix: this soon skins over; and the

succeeding year calls forth a repetition of the process*.

(2355.) The Cexacea form a very remarkable group among the hot-

blooded Mammifers as relates to the external covering of their bodies.

No covering of hair or wool would have been efficient in retaining the

vital heat under the circumstances in which these creatures live ; and
even if such clothing could have been made available, it would have
seriously impeded their progress through the water. Another kind of

blanket has therefore been adopted : the cuticle is left perfectly smooth

and polished, without any vestige of hair upon its surface
;
but, be-

neath the skin, fat has been accumulated in prodigious quantities
; and,

enveloped in this non-conducting material, the Whales are fully pre-

pared to inhabit an aquatic medium, and to maintain their temperature

even in the Polar Seas.

(2356.) The skin of all quadrupeds contains innumerable secerning

follicles, whereby lubricating fluids are continually furnished for the

purpose of maintaining the surface in a moist or supple condition ; but

not unfrequently these glandular follicles are aggregated together in

considerable numbers, so as to form secreting pouches. In many species

of Stags and Antelopes, for example, large pouches of this description

are found below the margin of the orbit, that furnish a secretion vxil-

garly regarded as the Stag's "tears." In most instances some of the

cutaneous glands secrete a highly odorous material, especially in the

vicinity of the parts of generation ; and their secretion being most

abundant during the rutting-season, it is not without reason that these

* In a physiological point of view this rapid production of osseous matter is truly

wonderful. The horns of the Wapiti Doer, thus annually reproduced, will weigh

upwards of thirty pounds ; and in the fossil Irish Elk the weight of these deciduous

defences must have been greater than that of the entire skeleton.
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organs are looked upon as destined to attract the sexes, and perhaps to

stimulate the sexual passions. The prejjutial glands, so called because

they fui-nish an odoriferous fluid that lubricates the prepuce and glans

of the penis in the male, and of the clitoris in the female, are of this

kind*. Eor the most part, these are simple sebaceous follicles con-

tained in the thickness of the prepuce ; but occasionally they are re-

placed by true conglomerate glands, formed of lobes and lobules, and

having but a single excretory duct, that opens upon the sides of the

gla7is penis (or clitoridis) beneath the prepuce. Many of the Bodentia

are furnished with glands of this description ; and they are situated on

each side of the penis, immediately beneath the skin that covers the

pubic region.

(2357.) It is with the preputial glands that we must notice the still

more elaborately developed secreting-organs of the Beaver, that furnish

the drug called " castor." These organs, represented in the annexed

figure (fig. 553), consist of large glandular pouches (g, h), that discharge

Fig. 553.

Seraal organs of male Beaver a, a, prostates ; ft, sheath enclosing the penis, slit open

;

c, rectum ; g, h, glandular pouches in which the castor is secreted ; those on the left side

are only partially seen ; bristles are inserted into their ducts.

their contents in the vicinity of the anal and preputial apertures ; but

of what importance the material thus abundantly secreted may be in

the economy of the animals so provided, it is not easy to conjecture.

(2358.) The secreting-apparatus of the Musk-deer (MoscJnis moscJii-

* Cuvier, Le9onB cVAnat. Comp. v. p. 252 ef. seq.

3 I
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fei-us), -wliicli produces musk, is of analogous conformation. This is an

oval poucli situated beneath the skin of tlie lower part of the belly : its

walls are thin, and apparently membranous ; but the membrane that

lines them is rugose and plicated. The orifice leading to this pouch is

small, and opens in front of the prepuce.

(2359.) Lastly, in connexion with these odoriferous glands we may

mention the " temporal glands " of the Elephant, from the duct of

which, situated on each side midway between the eye and the car, there

flows a viscid and fetid liquid—and likewise the " anal glands," met

with in most Carnivora. The duets of the glands last mentioned open

near the margin of the anus ; and in some genera, as the Skunk and

the Polecat, the stench produced by the fluid poured from these sources

is so intolerable as to become a most eflficient defence against a foreign

enemy.

(2360.) We now come to consider the nervous system of the Mam-

malia, and are of course prepared to anticipate that in proportion as

they surpass all other animais in intelligence, so will the encephalic

masses assume a complexity and perfection of structure such as we

have not hitherto witnessed in the whole series of the animal creation.

Their senses likewise may be presumed to have attained the utmost

delicacy of organization, in correspondence with the exalted attributes

conferred upon this important class, and consequently to exhibit append-

ages and accessory parts adapting them most accxirately to repeat to the

sensorium impressions derived from without.

(2361.) Abstruse as the study of the brain has been rendered by the

chaotic assemblage of names applied by the earlier anatomists, in their

bewilderment, to every definable portion of its substance, we have little

doubt that, when the grand laws that have hitherto guided us in in-

vestigating the nervous system of the lower animals are had recourse

to, the student will soon perceive how Httle difficulty there is in com-

paring even the brain of Man with the encephalon of the humbler

Vertebrata examined in preceding pages, and thus tracing the pro-

gressive advances from simple to more complex organization.

(2362.) The great lessons deducible from all that we have as yet seen

relative to the essential organization of the nervous system are obvious

enough :—Eirst, that all nerves, whether connected with sensation or

the movements of the body, emanate from or are in communication with

nervous masses called gangUa, which are, in fact, so many brains pre-

siding over the functions attributable to the individual nerves. Secondly,

that in the lower animals, where these ganglia exist, they are com-

paratively small and more or less completely detached from each other;

but that in the Yertebrata, such is the increased development of the

central masses of the nervous system, that they coalesce, as it were,

into one great organ called the cerebro-spinal axis ;
and thus that the

encephalon and meduUa spinalis are both made up of symmetrical pairs
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of ganglia appointed to different functions, but so intimately blended

together that thoy are no longer distinguishable, except from the pairs

of nerves with which they are connected.

(2363.) Taking the above for axioms (and they are incontrovertible),

let us proceed to analyze the cerebro-spinal axis of the Mammalia, and

to compare it in simple terms with those of Birds, Eeptiles, and Fishes,

already examined.

(2364.) Commencing at the anterior extremity of the series, the first

encephalic masses that present themselves are the " olfactory nerves," as

the human anatomist has been pleased to call them, although in every

one of the details connected with their anatomical structure and rela-

tions they confessedly differ from every nerve in the body. They are, in

truth, not nerves at all, but brains—the ganglia or brains of smell,

from which the olfactory nerves, properly so called, invariably emanate.

In Fishes (§ 1807) they were found to equal or even to surpass in size

the hemispheres themselves. In Reptiles and Birds they became gra-

dually concealed by the development of the hemispherical masses ; and

in the Mammalia such is their diminutive appearance, when compared

with the cerebrum, that they are scarcely recognized as elements of the

encephalon at all.

(2365.) In all the oviparous Yertebrata the nerves of smell were two

simple cords, one derived from each of the olfactory ganglia, from which

they proceeded through osseous canals to the nose. But in the Mam-

mifers these nerves are extremely numerous, in proportion to the extent

Fig. 554.

Olfactory apparatus ofthe Lion : a, ethmoidal plates ; 6, inferior turbinated bone
c, posterior nares.

of the surface to be supplied, and escape from the skull through the

cranial plate of the ethmoid bone, which, from the number of apertures

that it offers for their passage into the nose, richly merits the name of

3i 2
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cribriform "—more especially in the carnivoroue quadrupeds, possessed

of tlie most acute smell.

(2366.) The interior of the nasal cavity is divided by a median septum

into chambers, in each of which a very large surface is produced by

the complicated convolutions of the thin nasal plates of the ethmoid

(fig. 554, a), and of the inferior turbinated hone (h), over which the air

is made to pass in its progress to the lungs before it arrives at the

posterior nares (c). The whole of this complication of bony lamella} is

covered with a delicate and highly lubricated mucous membrane, wherein

the olfactory nerves terminate ; and from the figure given, representing

the left nasal cavity of a Lion, some idea may be formed of the acuteness

of the sense in question conferred upon the predaceous Carnivora.

(2367.) "With this perfection of the olfactory sense a corresponding

mobility of the outer nostrils is permitted to the Mammiferous races.

In the Reptiles and Birds the external apertures leading to the nose

were merely immoveable perforations in the horny or scaly covering of

the upper mandible ; but now the nostrils become surrounded with

moveable cartilages and appropriate muscles, adapted to dilate or con-

tract the passages leading to the nose, or even to perform more important

and unexpected duties, as, for example, in the proboscis of the Elephant.

(2368.) The Cetacea, as regards the conformation of their nostrils,

and indeed of the whole of their nasal apparatus, form a remarkable

exception to the above description. Inhabiting the water as these crea-

tures do, they are compelled to breathe atmospheric air. Are they,

then, to smell through the intervention of an aquatic or aerial medium ?

To smeU in water would require the nose of a fish, which could not be

granted without infringing upon the laws that regulate the progression

of animal organization. To smeU in air would be useless to the "V^Tiale
;

and moreover its nasal passages are required for another function, with

which the exercise of smell would apparently be incompatible.

(2369.) Thus circumstanced, we find the whole nasal apparatus com-

pletely metamorphosed, and so disposed as to answer two important

purposes, viz. :—first, to allow the Cetacean to breathe air whilst its

mouth is immersed in water ;
and, second, to provide an outlet whereby

the water that is necessarily taken into the mouth may escape without

being swallowed.

(2370.) The arrangement adopted to attain both these ends is very

beautiful. The nostrils, instead of occupying theii- usual position, are

situated quite upon the top of the head (fig. 555, a) ; so that as soon as

the vertex reaches the surface, air is freely obtained. But another

difficulty remains to be overcome : how is the Cetacean to breathe air

while its mouth is full of water ?

(2371.) To allow this, the upper extremity of the larynx is prolonged

so as to form a thick cartilaginous plug (c). When the creature breathes,

this elongated larynx is introduced into the posterior nares, as reprc-
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sented in the figure ;
and, being firmly embraced by a sphincter muscle

whilst in that situation, the air is admitted into the trachea through the

passages (a b), without ever entering the oral cavity.

(2372.) It only remains to be seen how the Cetacean gets rid ot the

water taken into the mouth, without being obliged to swaUow it
;

and

the same figure, representing a vertical section of the head of a Porpoise,

wiU enable us to understand the mechanism whereby this is accom-

Fig. 555.

Blowing-apparatus of the Porpoise : a, nostrils situated on the back of the head; b, posterior

nares ;
c, plug formed by the larynx.

plished. The two canals forming the posterior nares (6) are defended

superiorly by a fleshy valve*, which is closed by means of a very strong

muscle placed above the intermaxillary bones. To open this valve the

force must be applied from below ; and when the valve is shut, all com-

munication is cut off" between the posterior nares and the capacious

cavities placed above them.

(2373.) These cavities are two large membranous pouches lined with

a black skin, which, when they are empty, as represented in the figure,

falls into deep folds ; but, when full, the walls are distended so as to

form capacious oval receptacles. Externally these chambers are enve-

loped by a very strong expansion of muscular fibres, by which they can

be violently compressed.

(2374.) Let us now suppose that the Cetacean has taken into its

mouth a quantity of water that it wishes to expel : it moves its tongue

and its jaws as though it would swallow
;
but, at the same time, closing

its pharynx, the water is forced upwards through the posterior nares (6),

till it opens the interposed valve and distends the pouches placed above.

Once in these reservoirs, the water may remain there until the creature

* Cuvier, Le9on.s d'Anat. Comp. ii. p. G7'?.
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Fig. 556.

chooses to expel it, or, in other words, " to blow." In order to do this,

the valve between the pouches and the posterior nares being firmly

closed, the sacs are forcibly compressed by the muscles that embrace

them, and the water is then spouted up through the " blow-holes," ov

nostrils, to a height corresponding to the violence of the pressure.

(2375.) It must be evident that it would be impossible that a nose

through which salt water is thus continually and violently forced, could

be lined with a Schneiderian membrane of sufficient delicacy to be

capable of receiving odorous impressions. In the Cetaceans, therefore,

the nerves of smell, and even the olfactory lobes of the brain, are totally

deficient.

(2376.) The second pair of ganglia entering into the composition of

the encephalon, and giving origin to nerves, are the optic lobes, from

which are derived the nerves of vision.

In the Fish and in the Reptile these

were at once recognizable as primary

elements of the brain ; but in the

Mammifer, owing to the excessive

development of the surrounding parts,

they are quite overlapped and con-

cealed by the hemispheres. Never-

theless the tubercula quadrigemina

(556 , d d) occupy the same relative

position as in the Tortoise (vide fig.

496, B & c, e), and in like manner stiU

give origin to the nerves appropriated

to the instruments of sight, of which

they are the proper ganglia.

(2377.) The two optic nerves, be-

fore passing to their final destination,

partially decussate each other, as in

the human subject ;
they then proceed

forward into the orbit, and, peuetra-

.ting the globe of the eye, expand into the retinae.

(2378.) Minutely to describe the construction of the eyeball in the

Mammalia would be quite superfluous, seeing that in every essential

particular it exactly corresponds with that of Man. The disposition of

the sclerotic and clioroid coats, the structure of the cornea, the arrange-

ment of the liumours and of the retina, the organization of the ii'is—in

short, the whole economy of the eye is the same throughout the entire

class. Nevertheless there are a few points of secondary importance

deserving our attention, whereby the organ is adapted to peculiarities of

the circumstances in which different tribes are placed.

(2379.) In the Cetacea, and also in the amphibious Carnivora that

catch their prey in the water, the shape of the lens is nearly spherical

Brain of the Rabbit.
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Fig. 557.

as in Fishes ; and the antero-postcrior diameter ot the eye is la conse-

quence considerably diminished by the extraordinary thickness of the

sclerotic at the posWior aspect of the eyebal ,--an arrangement ap-

proaching very nearly to that already described (§

(2380 ) Instead of the dark-brown paint which lines the choroid of

the human eye, in many Mammals the Euyschian tunic ^^^^^^'^S'

mentnm, of varions brilUant hnes, that shines with metamc splendonr

This membrane, caHed the " taj>etum:' partially hnes the bot om of the

eyeball ; but its use has not as yet been satisfactorily VO^nted ont

(2381.) The shape of the pupil likewise vanes m different quadrupeds

.

for the most part, indeed, the pupillary aperture is round, as it is in

Man ; but in Euminaiits, and many" other Herbivora, it is transversely

oblong. In the Cats (Felidce), that hunt m
the gloom, and consequently require every

ray of light that can be made available, the

pupil is a long vertical fissure : but this only

obtains among the smaller genera; for m
those Peline Carnivora that surpass the Ocelot

in size, such as the Leopard, the Lion, and the

Tiger, the pupil again assumes a round form.

(2382.) The eyes of Mammalia are lodged

in bony orbits, as in the oviparous Yertebrata,

and in like manner are supported in their

movements by a quantity of semifluid fat.

with which the orbital cavities are fiUed up.

In Man, as in Birds, Eeptiles, and Fishes, six

muscles are appropriated to the movements of

each eyeball, viz. four recti and two ohliqui.

The four recti muscles have the same dispo-

sition in Mammalia as in Birds ; that is, they

arise from the margin of the optic foramen,

and run forward to be inserted opposite to

each other upon the superior, inferior, and lateral surfaces of the

sclerotic coat. The inferior oblique likewise offers a similar arrange-

ment in an the Yertebrata, arising from the margin of the internal wall

of the orbit, and running outwards to be attached to the external sur-

face of the globe of the eye. But the superior oblique, in the class

before us, takes a very peculiar course. Arising like the rest, it passes

forward to the upper and inner margin of the orbit, where its tendon

is reflected over a little cartilaginous pulley (fig. 558, c), and tui-ns back

again to be inserted into the external and posterior aspect of the eyeball.

(2383.) In addition to the six muscles appointed for the movements

of the eye in Man and the (iuadrumana, other Mammalia have a

seventh, called the cJioanoid or funnel-shaped muscle. This likewise

arises from the borders of the optic foramen, and, gradually expanding,

Structure of the eye.
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forme a hoUow cone interposed between the recti muscles and the optic
nerve, the base of the cone being attached to the sclerotic behind the
insertion of the recti. Frequently, indeed, this cJioanold or suspensory
muscle IS divided into four portions, in which case the animals so pro-
vided would seem to have eight recti muscles.

(2384.) The eyelids of Mammalia resemble the human in every

Fig. 558.

Muscles of the eyeball.

respect, excepting that in the lower orders a remnant of the nictitating

membrane is still met with ; but it is of small dimensions, and unpro-
vided with muscles.

(2385.) The lacrymal aj)paratus exists in all quadrupeds ; and the
lacrymal gland occupies the same situation as in Man, the tears bein""

poured on to the conjunctiva near the external canthus of the eyelids.

The lacrymal ducts, likewise, whereby the tears are conveyed into the

nose, so nearly resemble the human as to require no particular descrip-

tion. The caruncidce lacrymales are also met with at the inner canthus
of the eyelids. In some quadrupeds, indeed, an additional gland exists,

called the glandula Harderi ; this is situated behind the internal angle

of the eye, and secretes a lubricating fluid that is discharged beneath
the rudiment of the third or nictitating eyelid.

(2386.) In Whales, as might be expected from their aquatic habits,

no vestige of a lacrymal apparatus is to be seen.

(2387.) Behind the optic lohes of the encephalon the nervous centres,

from which the other cerebral nerves take their origin, are so inti-

mately blended together that the anatomist is no longer able to distin-

guish them from each other. They form, in fact, the " medulla ob-

longata," and are the commencement of that long series of sentient and
.of motor ganglia that form the spinal cord.
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(2388.) AU the nerves derived from the medulla oblongata and from

the spinal cord are throughout the Mammiferous class exactly compa-

rable to those met with in our own species, and will therefore require

but brief notice. .

(2389.) The third, fourth, and sia?if7i pairs are destined to the muscles

of the eye, and their distribution is the same as in Man.

(2390.) ThefiftJi pair, or trigeminal meryeB, consist of both motor

and sentient fasciculi, both of which are distributed to the different parts

of the face exactly as in the human subject, aUowance being of course

made for the varying form of the jaws, and for the proportional size ot

the different organs connected with mastication.

(2391.) The seventh, or facial nerve, as also the ghsso-pharyngeal,

the pneumogastric, and the Ungual, have the same origin and general

distribution throughout the whole class.

(2392.) The eighth pair of nerves are here, as in all the Vertebrata,

devoted to the sense of hearing, which in the Mammifera attains its

highest development and perfection. The sensitive portion of the audi-

tory apparatus, or the internal ear, is now enclosed in the petrous por-

tion of the temporal bone, and imbedded in osseous substance of such

stony hardness that, except in very young subjects, it is by no means

easy to display its different parts.

(2393.) As in Fishes and Eeptiles, it consists of several membranous

chambers or canals, filled with a limpid fluid, over which the filaments

of the auditory nerve spread out. The whole apparatus, indeed, except

in its proportional size, very accurately resembles the auditory organ

of the lower Vertebrata. The semicircular canals exhibit nearly the

same arrangement, and in like manner communicate with the vestibule

by five orifices. The vestibule itself is small, and no longer contains

any chalky concretions : it communicates on the one hand with the

cavity of the tympanum, by means of the foramen ovale ; and on the

other sends off a canal (scala) to form the cochlea, an organ which in the

Mammifer assumes its full development and perfection.

(2394.) In Eeptiles and Birds, as the reader will remember, the

cochlea was a simple canal bent upon itself (fig. 515, e), one end of which

{scala vestihuli) opened into the vestibule, while the other (scala tym-

pani) terminated at the tympanic cavity, from which it was separated

by the membrane of the fenestra rotunda ; but in the Mammalia the

two scalse of the cochlea are considerably elongated, and wind in a

spiral direction around a central axis (modiolus), so as very accurately

to resemble the whorls in the shell of a snail, whence the name of the

organ is derived *.

(2395.) It is in the increased complexity of the cochlea, therefore

* In Man, and by far the greater number of Mammals, the scala of the cochlea

makes two turns and a half around the modiolus ; but in a fewEodent Quadrupeds,

as for example in the Guineapig, the Cavy, and the Porcupine, tliere are as many

as three turns and a half.
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that the chief character of the labyrinth of the Mammal consists. But
in the tympanic cavity the differences between the Mammiferous ear
and that of the Bird are still more striking aad decided.

(2396.) The cavity of the tympanum in the class before us is very
extensive, and not unfrequently its extent is considerably enlarged by
the addition of capacious mastoid cells. By means of the Eustachian
tube it communicates freely with the throat. Upon its inner wall it

offers the fenestra ovalis and the fenestra rotunda, closed by their
respective membranes ; and externally is the membrana tympani, the
vibrations of which are to be conveyed to the labyrinth.

(2397.) In Eeptiles and Birds the communication between the drum
of the ear and the membrane of the fenestra ovalis was eflPected by the
interposition of a single ossicle, called the " columnella ; " but in Mammals
a chain of four ossicles, named respectively the malleus, the incus, the
OS orbiculare, and the stores, intervenes between the labyrinth and the
membrana tympani : these ossicles, both in their disposition and con-
nexions, are precisely similar to those of Man, and, moreover, are acted
upon by little muscles in every respect comparable to those of the
human subject.

(2398.) However remote the structure of the tympanic chain of

ossicles in the Mammal may appear to be from that of the simple

columnella of the Bird, it is interesting to see how gradually the trans-

ition is effected from one class to another even in this particular of their

economy ; for in the Omithorhynchus, the Echidna, and the Kangaroo,
so bird-like is the form of the stapes, that it might easily be mistaken

for the ossicle of one of the feathered tribes *, and every intermediate

shape is met with as we advance from this point towards the stirrup-

shaped bone of the most perfect quadrupeds.

(2399.) It is in the class under consideration that for the first time

an external ear properly so called makes its appearance ; for the fea-

thered appendages of the Owl or of the Bustard (§ 2094) are scarcely

entitled to such an appellation. In the Mammifera, however, with a

very few exceptions, such as the Cetacea, Moles, and the Seal tribe, a

moveable cartilaginous concha is appended to the exterior of the head,

adapted by its form and mobility to coUect the pulses of sound and
convey them inwards towards the drum of the ear. The basis of this

external auricle is composed of fibro-cartilage covered with a delicate

skin ; and its cavity is moulded into various sinuosities, so disposed, no

doubt, as to concentrate sonorous impressions. In Man, as the ana-

tomist is aware, numerous small muscles act upon the auricular carti-

lages ; but in quadrupeds possessed of moveable ears the number and
size of these muscles are prodigiously increased, and the ears are thus

directed with facility in any required direction.

(2400.) More minutely to describe the structure of the auditory

* Fide Sir Anthony Carlisle " On the Physiology of the S(a2}es," Phil. Trans,

for 1805.
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apparatus in the Mammiforous class would be foreign to our pr^^^^^^^^

p^pose ;
nevertheless we must not omit to notice one n^osi remarkable

provision whereby the Whales, strangely circumstanced as tho^^J^-^;

tares are, are permitted to hear either through the ^.^^^^'^

they breathe, or of the water in which they pass their lives. The reader

will at once appreciate the difficulties of the case: the ear of a fi h

,

without any external communication, although best adapted to receive

the stunning concussions conveyed through the denser element, coi^d

never appreciate the more delicate vibrations of the air
;
and the ordi-

nary Mammiferous ear would be perpetuaUy deafened by the thundering

of tiie water. How is the Whale to hear what is going on in either the

sea or the atmosphere ?
. m, i

(2401.) The plan adopted is simple and efficacious :—ihe external

meatus of the ear is reduced te the smallest possible diameter, the canal

being barely wide enough to admit a small probe: this is the hydro-

phonic apparatus, and is aU that is exposed for the reception of aquatic

sounds. The EustacHan tube, on the contrary, is very large, and opens

into the blow-hole through which the Whale respires atmospheric air :

if therefore, the Cetacean comes to the top of the water to breathe it

is the EustacHan tube that conveys aerial sounds to the ear. And thus

it hears sufficiently under both conditions.

(2402 ) So far, as the student wiU have perceived, the different

portions of the encephalon to which we have adverted correspond most

exactly to similar parts met with even in the brain of a reptile. Where,

then, are we to look for those grand differences whereby the Mammi-

ferous brain is peculiarly characterized ? The peculiarities of the brain

of a Mammal are entirely due, first, to the increased proportional deve-

lopment of the cerebral hemispheres, and, secondly, to the existence

of lateral cerebeUic lobes, in connexion with both of which additional

structures become requisite.

(2403 ) In those Marsupial tribes that form the connecting hnks

between the Oviparous and Placental Vertebrata, the brain still ex-

hibits a conformation nearly aUied to that of the Bird, and the great

commissures required in the more perfect encephalon are even yet defi-

cient; but in the simplest brain of a Placental Mammifer the charac-

teristic differences are at once apparent.
_

(2404 ) In the Babbit, for example (fig. 556), the cerebral hemi-

spheres (6) are found very materially to have increased in their propor-

tional dimensions; and although, even yet, convolutions upon the sur-

face of the cerebrum are scarcely indicated, additional means of inter-

communication between the hemispheric masses become indispensable.

The cor^nis callosum, therefore, or great transverse commissure of the

hemispheres (fig. 556, c), is now superadded to those previously in ex-

istence ; whHe other medullary layers, called by various ridiculous

names, bring into unison remote portions of the cerebral lobes.
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(2405.) In proportion as intoUigencG advances, the surface of the
cerebral hemispheres, becoming more extensive, is thrown into numerous
convolutions separated by deep sulci, until at length in the Carnivora,
as, for instance, in the Lion (fig. 559), the cerebrum (e e) attains such
enormous dimensions that the other elements of the encephalon are, as

it were, hidden among its folds.

(2406.) But in addition to this increased complexity of the cerebrum,
the cerebellum likewise has assumed a proportionate importance. In
the Oviparous races this important element of the brain consisted only
of the mesial portion, so that

no cerebeUic commissure was
requisite : but in the Mammal
it exhibits in addition two large

lateral lobes (fig. 559, c, c); and

coexistent with these the pons

Varolii (d) makes its appear-

ance, embracing the medulla

oblongata and uniting the op-

posite sides of the cerebellum.

(2407.) The structure of the

spinal cord and the origins of

the spinal nerves throughout

all the Mammalia are precisely

similar, and exactly corre-

spond with what occurs in the

human body ; neither does the

anatomical distribution of the

individual nerves derived from

this source require any special

notice, since, generally speak-

ing, it differs in no important

particular from the arrangement with which every anatomist is

familiar.

(2408.) The sense of touch in Mammalia is difiused over the whole

surface of the body,—its perfection in different parts being of course

influenced by the nature of the integument, and the number of sentient

nerves appropriated to any given region. All the nerves derived from

the sensitive tract of the spinal medulla, and the three divisions of the

fifth pair of encephalic nerves, are equally susceptible of tactile im-

pressions ; so that, in a class so extensively distributed as that before

us, we need not be surprised to find a special apparatus of touch deve-

loped in very different and remote parts adapted to particular exigen-

cies. Thus the whiskers of the Seal and of nocturnal Carnivora, the

lips of the Horse, the trunk of the Elephant, the hands of Man, the

hind feet of the Quadrumana, and even the extremity of the tail where



GENITO-UEINAEY APPARATUS. 8G1

that organ is prehensile, arc all in turn made available as tactile

instruments, and exercise the sense in question wxth the utmost

''(2409.) In the Bats, where the sense of vision becomes inadequate

to guide them through the dark recesses where they lurk, that of to^h

assumes its utmost development, and every part of the body that cou^d

by possibility be furnished with it has been abundantly provided for m

this respect. Not only is the broad expanse of the wing acutely sensible,

but the very ears have been converted into delicate feelers
;
nay, from

the tip of the nose in some species, membranes of equal sensibihty have

been largely developed ; so that the Bats, as was ascertained by SpaUan-

zani even when deprived of sight and hearing, wiU fly fearlessly along,

and 'avoid every obstacle with wonderful precision, guided apparently

by the sense of touch alone.

(2410 ) The sympathetic system of the Mammifera differs m no im-

portant particular from the human, the arrangement of the gangha and

the distribution of the plexuses being in aU respects the same.

(2411 ) In the conformation of the genito-urinary apparatus m
Mammalia the physiologist wiU find many circumstances of extreme

(2412 ) Even in Birds, as the reader will remember, the secretions

of the testes and of the kidneys were both poured into the common

cavity of the cloaca, and discharged thi-ough the anal orifice. No

bladder was provided for the reception of the urine ;
and a simple,

grooved, but imperforate penis, even where that organ was most fully

developed, was sufficient for the purpose of impregnation.

(2413.) Widely diff'erent, however, is the arrangement of the male

genito-urinaiy system in the class we are now considering. The cloacal

cavity is no longer met with, the terminations of the rectum and of the

sexual ducts being now remotely separated ; the penis is traversed by a

complete urethral canal, through which the seminal fluid is forcibly

ejaculated ;
and, moreover, subsidiary glands not met with m any of

the preceding classes add their secretions to that of the testes, and thus

facilitate the intromission of the fecundating fluid. A urinary bladder

is now superadded to the renal apparatus, wherein the urine is per-

mitted to accumulate in considerable quantities, prior to its expulsion

through the urethra—the excretory duct common to both the ui-inary

and generative organs.

(2414.) Not less remarkable are the corresponding changes observable

in the disposition of the female reproductive organs. The Mammifers

are appointed to bring forth living young ; a uterine receptacle is there-

fore necessarily provided for the reception of the foetus, and mammary

glands are given to support the tender offspring during the earUer portion

of its existence. But the history of these organs cannot be laid before

the reader at a glance, and we must therefore patiently trace out their
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development step by step, and gradually ascend from the Oviparous type
up to the most complete forms of the genito-urinary system.

(2415.) Commencing with the urinary apparatus, the first parts that
offer themselves to our notice are the kidneys, the ureters, and the
bladder, in describing which the same remarks will be found applicable

to both sexes.

(2416.) The Icidneys in all the Mammiferous orders occupy a similar

position, being situated in the loins, on each side of the aorta, from
which they receive a copious supply of arterial blood by the renal

arteries, which, after having supplied the urinary secretion, is returned
to the circulation by the emulgent veins that empty themselves into the

inferior cava.

(2417.) As relates to their intimate structure, the kidneys of all

quadrupeds are essentially similar to those of our own species, each of

these organs being composed of uriniferous tubules of extreme tenuity,

that terminate in central papillas from which the urine flows. These
tubules, as they advance into the medullary substance of the kidney,

bifurcate again and again, until they arrive at the cortical or external

portion, where they spread out on all sides, and, becoming exceedingly

flexuous, are inextricably intervolved among each other, so that the

entire cortex is composed of their gyrations. At last all the uriniferous

vessels terminate in blind extremities, and, according to Miiller*, have
no immediate communication with the vascular system.

(2418.) In form the kidneys of Mammals more or less resemble the

human ; but there is one important circumstance observable in many
tribes, which is well calculated to show that these organs, even when
they appear most simple, are in reality formed by the coalescence of

several distinct glands. In the human foetus the kidneys present a

lobulated appearance ; that is to say, they are evidently composed of

numerous divisions, each having the same structure ; but in the adult

the lines of demarcation between these lobes become entirely obliterated.

In many genera, however, this division into lobes remains permanent

during the whole lifetime of the creature : such, for example, is re-

markably the case in amphibious Carnivora, as the Otter and the Seal

tribes, and still more strikingly in the Cetaceans, where the kidneys

are not inaptly comparable to large bunches of grapes. But whatever

the form of the organ, or the number of lobules entering into its com-

position, the urine secreted by each kidney is received into a common

excretory duct called the ureter, and is thus conveyed into the bladder

prepared for its reception.

(2419.) The urinary bladder exists in aU the Mammalia, and receives

the ureters by valvular orifices in precisely the same manner as in the

human subject. In the male its excretory duct, the urethra, is common

to the urinary and generative systems, and terminates at the extremity

* De Glandularum Structura, p. 102.



ORNITIIOElIYNCnUS PARADOXUS. 863

of the penis ; but in the female the urethral canal is of much simpler

structure, opening by a distinct orifice into the vulva*.

(9420 ) We have preferred laying before the reader the above general

view of the urinary system of Mammalia to noticing in detail those .

varieties that occur in the disposition of the bladder and urethra ot

some of the lower tribes, in conformity with the different types of or-

ganization presented by their sexual organs ;
these, however, must not

be lost sight of in following out the development of the reproductive

apparatus, from the oviparous races to the most perfect and highly

gifted members of the animal creation. It is to this important subject

that we must now invite the attention of the reader.

(2421.) The oviparous Yertebrata lay eggs, and their young are per-

fected without further nourishment derived from the maternal system

than is contained within the egg itself. In our own species, and

throughout all the races of Mammalia found on the European continent,

the females produce their young aUve and fuUy formed, capable of in-

dependent existence, but nevertheless nourished for a considerable

period by milk derived from the breast of the mother. The distinction,

therefore, between an oviparous and a viviparous creature would appear

to be suflaciently broad, and the physiological relations between them as

remote as possible.

(2422.) The student, however, who has followed us thus far through

the long series of living beings that have successively presented them-

selves to our notice must naturally expect that, between animals so

dissimUar in their economy as the Bird and the Mammal, intermediate

types of organization must occur, and that the transition from one ,to

the other is here, as elsewhere, gradually accomplished.

(2423.) In this respect his expectations wiU be by no means disap-

pointed. The OrnitTiorhynchus paradoxus and the Ecliidna, animals

met with only in the continent of New HoUand, are most obviously

connecting links between these two grand classes ; and therefore it is

with the history of these strange animals that we must commence our

examination of the Mammiferous generative system.

(2424.) The OrnitTiorhynchus paradoxus well deserves the specific

epithet applied to it by zoologists. It has, indeed, the form of a qua-

druped, and its body is covered with hair, and not with feathers
;
but

its mouth is the beak of a duck ; and upon its hind feet, which are

broadly webbed, the male carries a spur not unlike that of a barn-door

fowl. Having the beak of a bird, how is the creature to suck ? Never-

theless the females have mammary glands well developed, but destitute

of prominent nipples ; so that the mode in which the young animal

obtains the milk provided for it is even yet a puzzling question. Does

the Ornithorhynchus lay eggs ? or produce living young ones ? This is a

* The Lemur and the Mole form remarkable exceptions ; for in these crentui-es the

female urethra traverses the clitoris precisely as in the other sex.
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Fig. 560.

query tliat has not been satisfactorily answered ; and its generative ap-

paratus is so nearly related to that of an oviparous animal that even

anatomy throws but little light upon the subject.

(2425.) Both in the male and female there is, in fact, but one vent

that leads to a cloaca! chamber resembling that of a bird ; and the

entire organization of the sexual organs is

rather that of an egg-laying than of a vi-

viparous creature, as will be evident from

the following details respecting them..

(2426.) The penis of the male OrnitJio-

rhynchus is perforated hy a urethral canal,

through which the semen passes, but not the

iirine ; its extremity, moreover, is termi-

nated by two tubercles, giving it almost a

bifid appearance. This penis, when in a

relaxed state, is lodged in a little pouch

in the floor of the cloaca, from which it

projects when erected.

(2427.) The cloacal cavity, as in birds,

gives passage to the fteces and to the urine.

The testes (fig. 560, a) and the vasa de-

ferentia (b) resemble those of an oviparous

animal
;
but, on the other hand, there is a

complete urinary bladder (c), and moreover

a pair of auxiliary (Cowper's) glands {d d),

organs never met with except in the Mam-
miferous class.

(2428.) The anatomy of the female or-

gans is not less singxilar. The ovaria (fig.

562, a a) are large and racemose, like those

of a bird ; while the two oviducts or uteri,

(fig. 561, a a), as the reader may choose to

call them, open into the cloaca by two j^ale generative organs of Ornitho-

distinct orifices (c c) situated on each side '-^f^f
paradoxus- a testes; 6, b,

^ vasa deferentia ; c, bladder ; d, d, Cow-

of the urethra, derived from the bladder (6). per's glands.

(2429.) It is to Professor Owen that

science is indebted for all that is known relative to the anatomy of the

female Ornithorhynchus when in a gravid state; and his researches

upon this subject appear to establish the following interesting particu-

lars : First, that the ovaria, notwithstanding their racemose appear-

ance, exhibit all the essential characters of the Mammiferous type of

structure ; and corpora lutea were found where the reproductive germs

had escaped from them. Secondly, that the eggs contained in the

uterine cavities (fig. 562, c, e) had no connexion whatever with the

walls of the uterus. Thirdly, that each ovum exhibited the usual parts
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of an egg, viz. the cortical membrane, the albumen, and the yelk
;
and

that upon the latter a membrana vitelU and the blastoderm or germi-

uative membrane were ijlainly perceptible. Fourthly, that the uterine

walls assume an increased thickness when in an impregnated state, but

that not the slightest trace of

a decidual or adventitious Fig. 561.

membrane is apparent in the

cavity of the womb. From

all these circumstances, the

distinguished author of the

paper referred to * was led to

adopt the subjoined train of

reasoning as to the probability

of the Ornithorhynchus being

a viviparous mammal. The

form, the structure, and the

detached condition of the ova,

observes Professor Owen, may

still be regarded as compatible

with, and perhaps favourable

to, the opinion that they are

excluded as such, and that

the embryo is developed out

of the parent's body. But

the following objections pre-

sent themselves to this con-

clusion The Onlv part of Generative organs of Ornithorht/nchus: a, a, ovi-

ducts; 6, urinary bladder; c, c, openings of the ovi-

the efferent tube of the gene- ducts or uteri into the vagina, d.

rative apparatus which can

be compared in structure or relative position to the shell-secreting

uterus of the Fowl is the dilated terminal cavity in which, in all the

specimens examined, the ova were situated : and upon the oviparous

theory it must be supposed either that the parietes of this cavity, after

having secreted the requisite quantity of soft material, suddenly assume

a new function, and complete the ovum by providing it with the cal-

careous covering necessary to enable it to sustain the superincumbent

weight of the mother during incubation, or that this is effected by a rapid

deposition from the cuticular surface of the external passages, or,

lastly, according to a more recent but still more improbable supposition,

by a calcareous secretion of the abdominal glands poured out upon the

ovum after its exclusion.

(2430.) But granting that the egg is provided in any of these ways
with the necessary external covering, yet, from the evidence afforded

* "On the Ova of the Ornithorhynchus paradoxus*' by Richard Owen, Esq.,

Phil. Trans, pt. ii. for 1834, p. 563.
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by the specimens examined, the ovum is deficient in those parts of its

organiisation which appear to be essential to succcssfulincubation, viz. a

voluminous yelk to support the germinal membrane, and the mechanism

for bringing the cicatricula into contiguity with the body of tlie parent.

Add to this that such a mode of development of the foetus requires that

all the necessary nutritive material be accumulated in the ovum prior to

its exclusion. Now the bony pelvis of the Bird is expressly modified to

allow of the escape of an egg both large from the quantity of its con-

tents and unyielding from its necessary defensive covering : but, what-

ever afiinities of sti'ucture may exist in other parts of the Ornitho-

Kg. 562*.

Oytiria. oi Ornilhorhynchus paradoxjis: « 6, racemose ovaria; c, uterine cavity containing ova;

e, uterine cavity of the opposite side, in which there are no ova; /, urinary bladder.

rhynchus, it is most important to the question of its generation to bear

in mind that it manifests no resemblance to the Bird in the disposition

of its pubic bones.

(2431.) From the above considerations it is therefore probable that

the young Ornithorhynchi are produced alive
;
yet still the reader will

perceive, by the closeness of the reasoning brought to bear upon the

subject, how nearly the oviparous and mammiferous modes of generation

are approximated by the interposition of these connecting forms of

Vertebrata.

(2432.) But if from these arguments, derived from the anatomical

construction of the female parts, it is allowable to conjecture that the

* Owing to an error on the part of the draughtsman, who has neglected to reverse

the drawing, the left uterus in the above figure is represented on the right side, and

vice versa.
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Fig. 563.

Young; Ornithorliynchus.

Ornithorhynclius is ovoviviparoiis (using that term in a strictly philoso-

phical eenso), the difficulties of tho case are by no naeans removed
;
and

granting that the contents of the ovum are barely sufficient to nourish the

embryo during the very earliest stages of its development, we have yet to

learn how the foetus is matured after the exhaustion of this supply. There

is no reason whatever to suppose that a

placenta exists at any period of uterine

gestation ; neither is there a marsupial

pouch in which the prematurely born

young can bo carried about and sup-

plied with milk ; so that, whether the

young Monotreme be developed in the

uterus or out of the uterus, we are

equally at a loss to understand how its

nutrition is provided for.

(2433.) In this state of uncertainty,

the anatomy of the young Ornithorhyn-

chus, examined at as early a period as

possible, becomes a subject of extreme

interest; and fortunately Professor

Owen has been enabled to add obser-

vations upon this subject to his other

valuable researches relative to the

generation of these creatures*. The annexed figure (fig. 563) is a

portrait of one of the specimens dissected ; and from every appearance

it could not have been more than a few days old—that is, supposing it

to have been born at an advanced period of its development. It was

as yet blind ; and the situation of the eyes was only indicated by the

convergence of a few wrinkles to one point ; but when these were put

upon the stretch, the integument was found entire, and completely

shrouding or covering the eyeball anteriorly : its skeleton, moreover, was

quite in a cartilaginous condition ; and it was obviously in every respect

helpless, and still dependent upon its mother for sustenance.

(2434.) The stomach was found filled with milk—a sufficient proof

that at that period, at least, it was nourished by the lacteal secretion ;

but with regard to its previous foetal condition, the difficulties that have

been above alluded to remained in their full force. No trace of an

umbilical cicatrix was visible upon the ventral surface of the body, even

when examined with a lens,—a sure proof that no placenta had existed.

The ilium was carefully examined, but there was no appearance of the

pedicle of the vitelline vesicle ; nevertheless the other vestiges of fcetal

organization were more obvious than in the ordinary marsupial or ovo-

viviparous Mammalia. The umbilical vein was seen extending from a

linear cicatrix of tho peritoneum, opposite the middle of the abdomen^

* " On tho Young of the Ornithorhynchun paradoxus," Trans. Zool. See. vol. i.
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along the anterior margin of the suspensory ligament to the liver. It

was reducocl to a mere filamentary tube filled with coagulum. From the

same cicatrix the remains of the umbilical arteries extended downwards,

and near the urinary bladder were contained within a duplicaturo of

peritoneum, having between them a small flat oval vesicle, the remains

of an allantois, which was attached by a contracted pedicle to the fundus

of the bladder ; but still, as both the embryo of the Bird and that of the

ovoviviparous Reptile have an allantois and umbilical vessels developed,

no certain inference can be drawn from the above appearances as to the

oviparous or vivix)arous nature of the generation of the Ornitho-

rhynchus.

(2435.) Such is the present state of our knowledge relative to the

first type of Mammiferous generation, viz. that met with among the

MoNOTEEMATA. In the second, or MARSTiriAL type, the phenomena,

although equally strange, are better understood ; and to these we must

now beg the attention of the student.

(2436.) The Maestjpialta, from the variety of their forms and exten-

sive distribution, constitute a most important section of Mammiferous

quadrupeds, distinguished by the peculiarities that occur in the organi-

zation of their generative apparatus and by the singular mode in which

they produce and suckle their young. Animals of this kind are only

met with in the American and Australian regions of our globe ; and so

widely do they differ, as far as their reproduction is concerned, from all

the Mammiferous inhabitants of the Old World, that they might even be

regarded as forming quite a distinct and separate group in the animal

creation, serving to accomplish another step in that grand transition by

which the physiologist is conducted from the oviparous to the placental

Y^rtebrata.

(2437.) The Marsupialia are, strictly speaking, ovoviviparous ;
that

is to say, the uterine ovum never forms any vascular connexion with the

maternal system, but after a very brief intra-uterine gestation the em-

bryo is expelled in a very rudimentary and imperfect condition, even its

extremities being as yet but partially developed ; and in this helpless

state the foetus is conveyed from the uterus into a pouch or marsxipitim,

formed by the integument of the abdomen, there to be nourished by

milk sucked from the mammary glands, until it arrives at such a state

of maturity as enables it to assume an independent existence.

(2438.) We may naturally expect, therefore, that, with habits so re-

markable, the structure of the generative apparatus, both in the male

and female Marsupial, will offer important peculiarities; and these

accordingly first present themselves for description.

(2439.) We select the Kangaroo as an example of the entire group,

beginning, as we have hitherto done, with the organization of the male

organs of generation.

(2440.) The first circumstance that strikes the attention of the
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anatomist in a male Marsupial is tlie extraordinary position of the testes,

Avhich, instead of being situated behind the penis, as in most placental

Mammals, are placed in front of that organ, in a kind of scrotum that

occupies the same place as the pouch of the female, and is in like

manner supported by two marsupial bones derived from the pubes,

around which the cremaster muscle winds in such a manner as to enable

it powerfully to compress the testicles during the congress of the sexes.

The vasa deferentia derived from the testes open into the commencement

of the urethra, which now, for the first time, forms a complete canal

leading from the bladder to the extremity of the penis. The auxiliary

glands, that pour additional secretions into the urethra, are of great size,

and more numerous than those met with in the human subject. In the

first place, the commencement of the urethral tube is embraced by a

bulky and conical prostate, to which succeed three pairs of large secreting

organs (Cowpe7-'s glands), each enveloped in a musculo-membranous

sheath, apparently intended to compress their substance, and thus efii-

ciently discharge their secretion into the canal of the urethra, there to

be mixed up with the seminal fluid.

(2441.) But perhaps the most decided peculiarities that characterize

the male of Marsupial quadrupeds are met with in the construction of

the penis itself. The two roots or crura of the corpora cavernosa are

not, as in the higher Mammals, attached to the branches of the ischium

by ligamentous bands, but each swells into a large bulb enclosed in a

powerful muscular envelope. The bulbous portion of the urethra is

likewise double, and embraced by powerful muscles. In the Kangaroo,

moreover, the spongy erectile tissue that encloses the urethra passes

with that canal through the centre of the body of the penis, formed by

the corpora cavernosa, so that a glam can scarcely be said to exist ; but

in other Marsupials, as, for example, in the Opossums {Didelphys), the

extremity of the intromittent organ is bifid, thus forming another ap-

proximation to the oviparous type.

(2442.) In the female Kangaroo, and other Marsupials, there are still

two distinct uteri, opening into the vagina by distinct orifices ; and even

the vagina itself is double, exhibiting a very peculiar and interesting

arrangement, represented in the subjoined figure (fig. 564). The ovaria

{a, a) are now reduced to comparatively small dimensions when com-

pared with those of the Ovipara—a circumstance that depends upon the

reduced size of the ovarian ovules, which no longer present the bulky

yelks peculiar to oviparous generation, the necessity for the existence of

such a large store of food being now superseded by the provision of

another kind of nourishment, derived from the mammary glands. The

Fallopian tubes commence by wide fimbricated apertures ; and each leads

into a separate uterine canal (&, c), in which the first part of gestation

is accomplished. The two uteri open by two orifices (e, f) into the two

vaginae (g g), which remain quite distinct from each other from their
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commencement to their termination in the urethro-sexual canal (fi)—
a kind of cloaca into which both the vaginae and the urethra emjity

themselves.

(2443.) Such being the arrangement of the generative apparatus of

the female Kangaroo, we are prepared, in the next place, to consider

the structure of the Marsupial ovum, and to trace its progress from the

Generative organs of the female Kangaroo : a, a, ovaria and fimbriated extremities of the

Fallopian tubes ;
b, c, uterine cavities ; e,f, their openings into g, g, tlie bifurcated vagina;

A, urethro-sexual canal.

ovary, where it is first formed, into the Marsupial pouch, where the de-

velopment of the foetus is ultimately completed.

(2444.) The ovary of a Marsupial animal, as has been already ob-

served, resembles that of ordinary Mammalia, and presents the same

dense structure. But the ovarian ovules, although characterized by the

paucity of yelk as compared with the oviparous classes, yet have a larger

proportion than exists in the placental MammaHa. When impregna-

tion is effected in the Marsupial animal, the Graafian vesicle or ovisac is
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ruptured, aud the little ovulum escapes iuto the Fallopian tube, whereby

it passes into the uterine cavity, whence, of course, it must absorb the

materials destined to support the future embryo, in the same manner

as the egg is furnished in the oviduct with the albumen that invests the

yelk. The development of the embryo from the blastoderm or germinal

membrane is, no doubt, accomplished in the same manner in aU Mam-

malia as it is in Birds, up to a certain stage of maturity ;
but at that

stage of growth when, in the case of the Bird, the yelk is required to

contribute to the nourishment of the newly formed being, in the Mam-

mifera, where no adequate supply of yelk exists, other means must be

resorted to ; and accordingly the Marsupial embryo is born prematurely

in order to supply it with mUk ; and in the ordinary Mammal a placenta

is developed, forming a means of vascular communication between the

mother and the foetus.

(2445.) The important investigations of Professor Owen upon this

subject * cannot be too highly appreciated. In the gravid uterus of a

Kangaroo, examined by this indefatigable labourer in the cause of

science, a foetus was met with that had apparently arrived very nearly

at the term of its intra-uterine existence ; and the following is a sum-

maiy of its anatomy at this period.

(2446.) The ovum (fig. 564, c) was lodged in one of the uterine

cavities, and the foetus was

about an inch aud fonr Fig. 565.

lines in length. The walls

of the gravid uterus were

obviously dilated ; and its

parietes varied in thickness

from one to two lines, being

in the unimpregnated state

about haK a line ; but this

increase was not in the

muscular coat, but in the

lining membrane, which

Avas thrown into irregular

folds and wrinkles. There

was, however, not the

slightest trace of any vas-

cular connexion between

the uterus and the ovum

—

neither placenta nor villi,

nor any determination of

vessels to a given point on

cither of tho opposed surfaces of the chorion or uterus : on the con-

trary, the external membrane of the ovum (chorion) exhibited not the

* " On the Generation of Marsupial Animals, with a Description of the Impreg-

nated Uterus of the Kangaroo," by Eichard Owen, Esq., Phil. Trans. 1834.

Embryo of Kangaroo : «, the chorion ; 6, the amnios

;

e d, vascular membrane ; e, e, omphalo-mesenterio vessels
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slightest trace of vascularity, even under the microscope, and seemed
in every respect to resemble the membrana putaminis that lines the

egg-shell.

(2447.) The body of the foetus itseK was immediately enclosed in a

transparent membrane (fig. 565, b), the amnios.

(2448.) Between the chorion (a) and the amnios (6) was an exten-

sive vascular membrane (c, d d, e e) : its figure seemed to have been

that of a cone, of which the apex was at the umbilicus of the fostus.

(2449.) Three vessels could be distinguished diverging from the um-
bilical cord, and ramifying over it. Two of these trunks contained

coagulated blood ; while the third was smaller, empty, and evidently

the arterial trunk. No trace of any other membrane could be seen ex-

tending from the foetus, besides the three above mentioned—the chorion

(a), the amnios (6), and the interposed vascular membrane, the nature

of which becomes the next siibject of inquiry.

(2450.) On tracing the three vessels above alluded to as ramifying

over the vascular membrane through the umbilicus into the abdomen,

the two larger ones, filled with coagulated blood, were found to unite,

and, after being joined by the mesenteric vein, penetrated the liver:

these, consequently, were the representatives of the ompJialo-mesenteric

or vitelline vein of the embryo Bird (§ 2140). The third vessel passed

between the convolutions of the small intestine along the mesentery to

the abdominal aorta, corresponding to an omphalo-mesenteric or vitelline

artery. The membrane, therefore, upon which they ramified answers

to the vascular layer of the germinal membrane which spreads over the

yelk in the oviparous animals, or to the vitelline vesicle of the embryo

of ordinary Mammalia.

(2451.) A filamentary pedicle connected this membrane to the in-

testine near the termination of the iHum, thus completing the resem-

blance between this apparatus and the vitelline system of Birds. But

here we must caution the student not to be misled on one important

point : the contents of the vitelline sac in the Marsupials, although

doubtless intended to afford nourishment to the embryo animal, and thus

representing the yelk of the Bird's egg, differ from it in one very essen-

tial circumstance. The yelk of the oviparous ovum is ready formed

in the ovary and exists prior to conception ; but in the Mammal, where

the ovarian yelk is met with in extremely small quantities, the contents

of the vitellicle must obviously be derived from some other source, most

probably by absorption from the uterine cavity.

(2452.) In the Marsupial ovum the vascular membrane of the vitel-

licle is doubtless sufficient for the respii'ation of the little creature up

to the time of its birth ; and accordingly the allantoic system (§ 2143)

is but very partially developed. In the ovum delineated in the last

figure, there was as yet no perceptible trace either of an allantois or

of a urinary bladder ;
but, as has been proved by another dissection,

during the later weeks of uterine gestation the urinary bladder is pro-
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Fig. 566.

longed beyond the umbiUcus so as to form a small allantois dcBtined to

receive the renal secretion, which becomes more abundant as the little

foetus increases in size and completeness *.
o l x.^ ^^ t>

(2453.) In tho mammary foetus of a Kangaroo a fortnight old Pro-

fessor Owen detected both a urachus and umbOical arteries
;
but these

only extended from the bladder and Hiac vessels as far as the umbihcus ;

neither could any umbilical vein be found penetrating the liver. It is

in the placental Mammals that we shaU find these vessels assuming

their fuU importance, and developing themselves into a new system,

whereby the communication between the mother and her offspring is

stni more effectually provided for.
, . , ^i.

(2454 ) When we consider the very early period at which the young

Kangaroo is born (namely, at about the thirty-ninth day after concep-

tion), it is only reasonable to suppose that

the organs most immediately connected

with the vital actions are precociously

matured; and accordingly, even in the

embryo above delineated (fig. 565), the in-

testines, the Uver, the Hdneys, and the

testes were aU conspicuous, and the dia-

phragm, the heart, and the lungs were in

such an advanced condition as to show that

they would soon be capable of prematurely

taking upon themselves the exercise of the

circulatory and respiratory functions.

(2455.) This rapid development of the

viscera connected with circulation and

respiration is, in truth, essentially requi-

site ; for no sooner has the embryo arrived

at the size represented in the next figure

(fig. 566, a), the limbs being still in a

most rudimentary condition, than the em-

bryo is transferred from the uterus into the

marsupial pouch, where it is found attached by its mouth to one of

the nipples, from which the materials of its support are to be obtained

until it has acquired suflacient strength and size to leave the strange

portable nest in which its foetal growth is accomplished and procure

food adapted to a maturer condition.

(2456.) A very beautiful provision is met with in the construction of

the respiratory passages of the young Marsupial, intended to obviate

the possibility of suffocation consequent upon the admission of milk into

the trachea—a circumstance that, without some peculiar arrangement,

might easily happen ; but of this we must quote the original description,

FcEtal Kangaroo. A. Young Kan-

garoo : a, 6, teats of the mother.

B. Section of tho head of young

Kangaroo, showing:

—

a, the cone-

shaped larynx imbedded in the pos-

terior nares ; 6, the teugue.

* See Proceedings of tho Zoological Society for August 1837.
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extracted from the paper already referred to *. " The new-born Kan-
garoo," observes Professor Owen, " possesses greater powers of action
than the same-sized embryo of a Sheep, and approximates more nearly
in this respect to the new-born young of the Rat

; yet it is evidently
inferior to the latter. Fov although it is enabled by the muscular
power of its lips to grasp and adhere firmly to the nipple, it seems to

be unable to draw sustenance therefrom by its own unaided efforts.

The mother, as Professor Geoffrey f and Mr. Morgan X have shown, is

therefore provided with a peculiar adaptation of a muscle (analogous to

the cremaster) to the mammary gland, for the evident purpose of in-

jecting the milk from the nijjple into the mouth of the adherent foetus.

Now it can scarcely be supposed that the foetal efforts of suction should

always be coincident with the maternal act of injection ; and if at any
time this should not be the case, a fatal accident might happen from

the milk being forcibly injected into the larynx. Professor Geoffroy

first described the modification by which this purpose is effected ; and

Mr. Hunter appears to have foreseen the necessity for such a structxire,

for he has dissected two small foetuses of the Kangaroo for the especial

purpose of showing the relation of the larynx to the posterior nares §.

The epiglottis and arytenoid cartilages are elongated and approximated,

so that the rima glottidis is thus situated at the apex of a cone-shaped

larynx (fig. 566, B, a), which projects, as in the Cetacea, into the poste-

rior nares, where it is closely embraced by the muscles of the soft

palate. The air-passage is thus completely separated from the fauces,

and the injected milk passes in a divided stream, on either side of the

larjmx, into the oesophagus."

" Thus aided and protected by modifications of structure, both in the

system of the mother and in its own, designed with especial reference

to each other's peculiar condition, and affording therefore the most

irrefragable evidence of Creative foresight, the feeble offspring continues

to increase from sustenance exclusively derived from the mother for a

period of about eight months. The young Kangaroo may then be seen

frequently to protrude its head from the mouth of the pouch, and to

crop the grass at the same time that the mother is browsing. Having

thus acquired additional strength, it quits the pouch, and hops at first

with a feeble and vacillating gait ; but continues to return to the pouch

for occasional shelter and supplies of food, till it has attained the weight

of ten pounds. After this it will occasionally insert its head for the

purpose of sucking, notwithstanding another foetus may have been de-

* P. Z. S. August 1837, p. 348. t M^moires du Museum, torn. xxv. p. 48.

I Trans. Linn. Soc. vol. xvi. p. 6L
§ " Seo Nos. 3731, 3734, 3735, in the Physiological Series of the ITunterian Mu-

seum, in which there are evidences that Mr. Hunter had anticipated most of the

anatomical discoveries which have subsequently been made upon the embryo of the

Kangaroo."
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posited in the pouch ; for the latter, as we have seen, attaches itself to

a different nipple from the one which had previously been in use."

(2457.) Thus therefore are we conducted by the Ovovivipara, as

the Maesupialia are properly called, to the most perfect or placental

type of the generative system.

(2458.) Commencing our account of the reproductive organs of Vm-
PABOtjs Mammalia by examining those of the male sex, we have another

striking example of the insufficiency of the nomenclature employed by

the anatomist who confines his studies to the human body, when it

becomes necessary to describe corresponding organs even in animals

organized after the same type.

(2459.) True it is that there is the same general arrangement of

the generative apparatus ; and it is convenient, as far as possible, to

apply the same names to structures that apparently represent each

other: but a very superficial examination of the facts will serve to

show that great differences exist between them : and, accordingly, we

are not surprised to find the utmost perplexity and confusion in the

descriptions of these parts, arising from the indiscriminate application of

the terms employed in human anatomy to totally dissimilar structures.

(2460.) It is not, however, our business here to criticise the labours

of authors upon this subject; we must content ourselves with selecting

an example of one of the more complex forms under which the male

genitals present themselves, and leave the reader to contrast the various

organs with those met with in the human subject.

(2461.) The annexed figure (fig. 567, a) represents the generative

viscera of the male Hedgehog. The rectum (a) and the neck of the

bladder (7t) remain in situ ; but the rest of the latter viscus has been

removed, and the first portion of the urethra (<?) slit open, in order to

show the relations of the surrounding parts.

(2462.) The testes {h, b) present the same structure in all the class,

and consist essentially of an immense assemblage of extremely delicate

tiibuli seminiferi enclosed in a dense albugineous tunic, from which

septa pass internally, whereby the seminiferous tubes are divided into

several fasciculi : after piercing the proper fibrous tunic of the testes,

the sperm-secreting tubes are collected into an extremely tortuous duct,

that by its convolutions forms the epididymis, as in Man, and is then

continued, under the name of vas deferens, to tho commencement of the

urethra, into which the two ducts open (b, b b). In the Horse, and

many Euminants, the vas deferens presents a remarkable structiu-e:

before its termination it suddenly swells to a considerable diameter,

depending upon the increased thickness of the walls of the canal, Avhich

at the same time become cellular, and secrete a gelatinous fluid that

escapes into the cavity of the duct.

(2463.) In their situation the testes of placental Mammals are found

to offer very striking differences. In the Cetacea, the Elephant, and
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the Seal they remain pormanontly in the abdomen, bound down by a
process of the peritoneum. In Man, and most quadrupeds, on the con-
trary, they pass out of the abdominal cavity through the inguinal rings,

and are suspended in a scrotal pouch, formed by the skin and a cre-

master muscle, and lined by a serous prolongation of the peritoneal sac.

The spermatic cords, therefore, formed by the vessels and excretory

canal of the testes, will take a different course, in conformity with the

variable position of these organs, and, where a scrotum exists, must
enter the abdomen through an inguinal canal. Still, from their hori-

zontal posture, quadrupeds are but little liable to hernia, even where
the inguinal passages are much more open than in the human subject.

Fig. 567.

Male generative apparatus of the Hedgehog. A : a, rectum ; h, neck of the urinary bladder,

the rest of that viscus having been removed; e, commencement of urethra, slit open;

6, 6, testes; c, c, succentnriate glands; d, d, prostates; f, one of Cowper's glands; g, its duct,

leading into the canal of the urethra; i, i, ejaculatory muscle ; h, oriflecs of the seminal and
prostatic ducts; k, commencement o{ corpus spongiosum; I, I, crura penis.

B : a, ejaculatory portion of the canal of the urethra, slit open to show the orifices of the nu-

merous ducts (6, c, e, g, h, i) that open into its cavity.

(2464.) The quantity of the seminal fluid furnished by the testes is

very small, as must be evident from the extreme narrowness of the duct

through which it passes into the urethra. Nevertheless, as the impreg-

nation of the female now requires the forcible injection of this fluid, it

is absolutely requisite to increase the bulk of the vivifying secretion, in

order to enable the muscles that embrace the urethral tube efficiently to

expel it. For this purpose additional glands are given, whereby dif-
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ferent fluids ai*e poured into the urethral cavity, apparently for the sole

purpose of diluting the spermatic liquor, and thus forming a vehicle for

its expulsion. These sucoenturiate glands, as they are named, are not

found in any oviparous animal ; but in the Mammal such is their size

and importance that there may be just reason for supposing them to

exercise a more important otRce than that usually assigned to them by

physiologists ; and this supposition seems to obtain additional weight

when we consider the great diversity of structure that they exhibit in

different quadrupeds.

(2465.) The vesiculce seminales arc the first of these accessory se-

creting organs that require our notice. In Man, the seminal vesicles,

as they are erroneously termed, resemble two membranous reservoirs,

situated beneath the neck of the bladder, and were once supposed to be

receptacles for containing the semen. "When opened, however, they are

found to be composed of the windings of a very sinuous secreting surface
;

and as their excretory ducts open into the urethra in common with the

vasa deferentia, they obviously add the fluid that they elaborate to the

secretion of the testes.

(2466.) But notwithstanding their apparent importance in the human
species, these organs do not exist at all in by far the greater number of

Carnivora ; neither are they found in the Ruminants, nor in the ceta-

ceous Mammals.

(2467.) In other quadrupeds, on the contrary, they are found, and

their proportional size is extremely remarkable. This is specially the

case in the Eodent tribes and among the Insectivora. In the Hedge-
hog, for example, their bulk is enormous. In this creature they form

two large masses (fig. 567, a, c c), each composed of four or five bundles

of long and tortuous secerning vessels folded upon themselves in all

directions, and pouring the product of their secretion into the urethra

by two ducts (fig. 567, b, c c), quite distinct from the vasa deferentia.

(2468.) The prostates are the next sucoenturiate glands superadded

to the essential generative organs of the placental Mammals ; and so

diverse is their structure in different tribes, that it is not always easy to

recognize them under the varied forms that they assume.

(2469.) In Man the prostate is a solid glandular mass that embraces

the commencement of the urethra, into which it discharges its secretion

by numerous small ducts ; and this is the most common arrangement

throughout the Mammiferous orders.

(2470.) In Ruminants, Solipeds, and in the Elephant, there are two
or even four prostates, of a very diff'erent kind, each gland having a

central cavity, into which smaller cavities open by wide orifices. In

these creatures, therefore, the prostatic secretion accumulates in the

interior of the gland, from which it is conveyed into the urethra by
appropriate excretory canals.

(2471.) In most of the Rodentia,in the Mole, and in the Hedgehog,
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the structure of the prostate is so peculiar that many distinguished
comparative anatomists refuse to apply the same name to organs that
obviously represent the gland we are describing, preferring, with Cuvier,

to call them " accessory vesicles."

(2472.) In the Hedgehog, the prostate is replaced by two large masses
(iig. 567, A, d d), each composed of parallel flexuous and branched
tubes, all of which unite into ducts common to the whole group, whereby
the fluid elaborated is conveyed into the urethra through minute orifices

(fig. 567, B, e e)

(2473.) A third set of auxiliary secreting bodies, very generally met
with, are called by the name of " Cowper's glands.^' These in our own
species are very small, not exceeding the size of a pea ; but in many
quadrupeds they are much more largely developed. In the Hedgehog
(fig. 567, A,/) they are obviously composed of convoluted tubes, and
their ducts open by distinct apertures (b, g g) into the floor of the

urethra.

(2474.) The canal of the urethra, through which the urine as well as

the generative secretions is expelled from the body of the male Mammal,
is a complete tube, and no longer a mere furrow as we have seen it

to be in all the Ovipara possessed of an intromittent apparatus. It

extends from the neck of the bladder to the extremity of the penis ; but

in this course, owing to its relations with the surrounding parts, it wiU

be necessary to consider it as divisible into two or three distinct por-

tions, each of which offers peculiarities worthy of remark. The first

part of the urethral tube is not unfrequently, as in the human subject,

more or less completely surrounded by the prostate gland, and in such

cases merits the name of prostatic portion but where, as in the

Hedgehog, the prostates do not enclose the commencement of the canal,

this division of the urethra does not exist.

(2475.) The second is the " muscular portion," extending from the

prostate to the root of the penis ; and it is into this part that all the ge-

nerative secretions are poured from their respective ducts (fig. 567, b, 6, c,

e, g, Ti). Externally this division of the urethra is enclosed by strong

muscles (fig. 567, A,ii), which by their convulsive contractions forcibly

ejaculate the different fluids concerned in impregnation, and thus secure

an efficient intromission of the seminal liquor into the female organs.

(2476.) The third portion of the urethra is enclosed in the body of

the penis, and surrounded by the erectile tissue, of which that organ

essentially consists ; but in all quadrupeds this part of the canal is not

so decidedly continuous with the muscular portion as it appears to be in

Man and the generality of Mammalia. In many Kuminants, and in

some of the Hog tribe, the muscular division of the canal opens into the

upper part of the third or vascular division, in such a manner that a

cul de sac occupies the commencement of the vascular bulb of the urethra,

as it is called by anatomists, into which the secretion of Cowpcr's glands
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is poured without having been previously mixed with the seminal or

prostatic fluids. In some Eodents, as, for example, in the Squirrel and

the Marmot, the arrangement is still more curious ;
for the cul de sac

of the bulb of the urethra in these creatures, which receives the secre-

tion of Cowpcr's glands, is lengthened out into a long tube that runs for

some distance beneath the proper urethra, and only joins that canal

near the extremity of the penis.

(2477.) The body of the penis in the Mammalia, as in all other Yer-

tebrata possessed of such an organ, is composed of vascular erectile

tissue ; but now, besides the corpora cavernosa, which in Eeptiles and

Birds formed the entire organ, another portion is superadded, destined

to enclose the canal of the urethra in a thick erectile sheath, and, more-

over, to form the glans, or most sensitive part of the intromittent ap-

paratus.

(2478.) The corpora cavernosa are now securely fixed to the bones of

the pelvis by two roots, or crura : and even in the Cetacea, where no

pelvis is met with, the ossa ischii exist, apparently, only for the purpose

of giving firm support to the origin of the parts in question. The^ size

of the corpora cavernosa in Man, and many other animals, is of itself

sufficient to give the needful rigidity to the parts during sexual excite-

ment ; but in some tribes an additional provision is required to ensure

adequate firmness. Thus in Monkeys, Bats, the Carnivora, the Ro-

dentia, and the Balcenidce among Cetaceans, a bone is imbedded in the

substance of the male organ, of which it forms a considerable part.

Where this bone exists, the corpora cavernosa are ijroportionately small,

and the fibrous walls of the penis are confounded with its periosteal

covering.

(2479.) The corpus spongiosum, likewise composed of erectile tissue,

is quite distinct from the cavernous bodies, and, as we have said before,

is only found in the Mammifera. It commences by a bulbous origin

that embraces the urethra, and it accompanies that canal quite to the

extremity of the penis, where it dilates into the glans.

(2480.) The size and shape of the male organ varies, of course, in

every genus of quadrupeds, as does the form and texture of the glans.

To describe these would lead us into details of too little importance to

be noticed in a survey so general as that we are now taking ; never-

theless we cannot entirely omit to notice the strange and unaccount-

able structure met with in some of the Rodent tribes, whereby the

penis is rendered a most formidable-looking apparatus, the object of

which it is not easy to conjecture, although, as an instrument of excite-

ment, no one will be disposed to deny its efficiency.

(2381.) Thus in the Guineapig tribe (Oavia, Illig.) the penis is

strengthened by a flat bone that reaches forward as far as the extremity

of the glans, beneath which is the termination of the urethra ; but

behind and below the orifice of this canal is the opening of a pouch
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whoroin are lodged two long horny spikes. When the member is erected,
the pouch alluded to becomes everted, and the spikes (fig. 5G8, d) are
protruded externally to a considerable length. Both the erected pouch
(6) and the entire surface of the glans are, moreover, covered densely
with sharp spines or booklets ; and as though even all this were not
sufficient to produce the needful irritation, still further back there are,
in some species, two sharp and strong horny saws (c, c) appended to the
sides of the organ. Prom this terrible armature of the male Cavies, it

would bo only natural

to expect some corre- ^S-

spending peculiarity in

the female parts
;
but,

however inexplicable it

may appear, the female

vagina oflFers no uncom-
mon structure.

(2482.) We have, in

the last place, to exa-

mine the generative

system of the female

placental Mammalia,

and thus to trace the

development of this im-

portant system to its

most complete and highest form.

(2483.) In the Marsupialia, as the reader will remember, there were

still two distinct uteri, that were obviously the representatives of the

oviducts of the Oviparous classes. In the Human female, on the con-

trary, the uterus is a single central viscus, into which the geiTQS derived

from the ovaria are introduced through the two " Fallopian tubes," as

the oviducts are now designated ; but we shaU soon see that the vivipa-

rous Mammals offer in the anatomical structure of the generative system

of the female so many intermediate gradations of form, that we are

almost insensibly conducted even from the divided uteri of the Ornitho-

rhynchus up to the most elevated and concentrated condition that the

uterine apparatus ultimately attains in our own species.

(2484.) In the female Eabbit, for example, we have a placental

Mammal that in every part of the organization of its reproductive organs

testifies its near affinity to the Marsupial type. The ovaria (fig. 569, 1; I),

although widely different as regards the size of the contained ovules

from those of oviparous animals, stiU retain faint traces of a botryoidal

or racemose appearance.

(2485.) The oviducts (n, o), or the Fallopian tubes as we must now

call them, are reduced in their diameter to very small dimensions, and

testify by their tenuity how minute must be the ovule to which they

Penis of the Agouti : a, bodj- of the peuis ; c, 6, d, saws,
spines, and spikes, constituting the formidable armature
of the free portion of that organ.
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give passage. To these succeed the uteri (e, f), still entirely distinct

from each other throughoiit their whole extent, and even opening into

the vagina {<j) by separate orifices, into which the probes (i, h) have

been introduced. As far as its anatomy is concerned, such a uterine

appai-atus might belong to a marsupial Mammifer ; and even in the rest

of the sexual parts, obvious relations may be traced between the rodent

we are describing and the ovoviviparous quadrupeds.

(2486.) It is true there are no longer two vagina) terminating in a

single eloacal cavity ; but let the reader observe how nearly the vagina

of the Rabbit (fig. 569, a b) approximates to the condition of a eloacal

Fig. 5(39.

Uterus of theEabbit: n, o, oviducts or Fallopian tubes ;
e,/, uteri opening separately, at .9,

into the commencement of the vagina ; i, h, two probes introduced into the two ores tincts ;

aft, the interior of the vagina; m, the urinary bladder; d c, meatus urinarius, \XeA.\ ?•, anal

aperture ; s, rectum ; p, integument.

chamber. Anteriorly it receives the contents of the bladder {cl m) ;

while the rectum (s) terminates by an anal orifice (r) so closely con-

joined with the aperture of the vulva, that the anatomist is almost in

doubt whether the external opening might not be described as common

both to the vagina and intestine. Advanciug from this lowest form of

a placental uterine system, it is found that the two uteri before their

termination become united so as to form a central portion common to

both, called the body of the uterus, through the intervention of which

they communicate with the vagina by a single passage, named the os

tincce ;
still, however, the cornua uteri, especially in those tribes that

are most remarkable for their fecundity, become during gestation far

more capacious than the mesial portion of which they appear to be

prolongations. It is, in fact, in the cornua that the numerous progeny

of such animals are lodged during the whole time of their retention in

3 L
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the uterus ; and consequently such an arrangement is absolutely requisite,

as must be evident from simply inspecting the gravid uterus of a Sow
(fig. 570), whore the comua uteri (c c) are of remarkable dimensions.

(2487.) As we ascend from the more prolific inferior races to the

Quadruniana and the Human species, the proportional size of the body

of the uterus becomes materially increased, and that of the comua
diminishes in the same ratio, until in the Monkeys and in Woman the

latter become quite lost, and the now pyriform central part appears to

compose the entire viscus, into the cavity of Avhich the Fallopian tubes

seem immediately to discharge themselves. Thus gradually, therefore.

Pig. 570.

Gravid uterus of the Sow: a, ovary; 6, Pallopian tube ; e, c, comua of the uterus,—that on

the right side being laid open to show four foetal young contained in its interior; e, vagina;

d, urinary bladder;/, rectum.-

does the oviparous sexual apparatus assume the -sdviparous type ; and

then, passing through numerous intermediate forms, ultimately attains

its most concentrated condition in the uterus of the Human female.

(2488.) In every other part of the generative system we shall like-

wise find the characters of the type at length completely estabhshed.

The ovaria (fig. 570, a) entirely lose all traces of their original racemose

condition ; for now the quantity of granular matter enclosed along with
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the <^em in each Graafian vesicle, the last remnant of the yelk has

Itomeliost inappreciable, and the little ovarian c^-n cs are e.^^^^^^^^^

in a dense parenchymatous substance enveloped by ^
^1^^^

cineous tunic The Fallopian tubes (h) correspond, m the Bmaliness ol

TeLImX, with the minuteness of the globules ^^TJ^^^
to convey from the ovaries into the uterane receptacle ; 1^

tly, the

excretory canal of the bladder (d) becomes quite separated from the

vSna (.), and the anal and generative apertures are found completely

distinct from each other. „

(2489 ) After the above brief sketch of the anatomy of the organs of

generation in the higher MammaHa, it now remains for us to trace

development of the germ from the moment of impregnation

^^J^J^f^
of the fcBhis, and observe in what particulars placental generation

differs from the oviparous and ovoviviparous types akeady descnbed.

In the viviparous or placental Mammifer the effect of impregnation is

the bursting of one or more of the Grccajian vesicles, and the escape o

the contained germs from the ovisacs wherein they were formed. In

the Ovipara, owing to the delicacy of the ovisacs, the vascular mem-

branes composing them, when once ruptured, are speedily removed by

absorption; but in the Mammal this is not the case, and a cicatrix

remains permanently visible upon the surface of the ovary, indicating

where the rupture has occurred : such cicatrices are known by the

name of corpora lutea. .

(2490 ) On the rapture of the ovarian ovisac, the vesicle of Furlcinje,

or the essential germ, accompanied only by a most minute quantity of

granular fluid, or yelk, is taken up by the fimbriated extremity of the

Fallopian tube, and conveyed into the interior of the uterus, where its

development commences. Observations are wanting to teach us pre-

cisely what are the first appearances of the embryo ;
but there is not

the least doubt that the materials for its earliest growth are absorbed

in the cavity of the womb, and that its formation from a hlastoderm, of

germinal membrane, is exactly comparable to what occurs m the egg of

the Bird already minutely described in the last chapter (§ 2114 et seqq.),

and that, in every particular, as relates to the growth and functions of

the vitelline or ompTialo-mesenteric as well as of the ammotic system, the

phenomena are the same as in the marsupial Mammal up to the period

when the young Marsupian is prematurely born, to be afterwards

nourished in the pouch of its mother from materials derived from the

breast.

(2491.) But precisely at that point of development where the JMar-

supial embryo is expeUed from the uterus of its parent (namely, when

the functions both of the viteUicle and of the allantoid apparatus become

no longer efficient either for nutrition or respiration) a third system of

organs is developed in the placental Mammifer, whereby a vascuUir

intercommunication is established between the foetus and the utcrim>
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vessels of the mother, forming what has been named by human embryo-
logists the jilacenta.

(2492.) In the ovum of a Sheep, at that period of the growth of the
foetus which nearly corresponds to the end of uterogcstation in the
prematurely born Kangaroo, all the three systems alluded to are co-
existent and easily distinguishable, as will be seen in the accompanying
figure (fig. 571). The frotus («), enclosed in its amnioiic mewhrane (b),

has its limbs as yet but very imperfectly formed, exhibiting pretty
nearly the condition of a nascent Marsupial (vide fig. 500) ; but here it

will be seen that the umbilical systems exhibit very striking differences

in the two races. The vitelllde (/), with its pedicle (e), are of very
small dimensions ; the allantoid sac (g), on the contrary, is of con-

siderable bulk, and, having ceased to act as a respiratory organ, becomes
adapted to receive the urinary secretion through the canal of the

Fig. 571.

Embryo of the Sheep : a, foetus ; 6, amniotic membrane ; f, vitellicle, with its pedicle, e ; g, al-

lantoid sao ; d, d, umbilical vessels
;

h,, chorion ; i, i, dispersed masses of iDlacenta.

umcJius. The most important feature, however, is the rapid extension

of the umbilical vessels (cl), which in Birds and Marsupials were dis-

tributed only to the allantois; but in the placental Mammals these

vessels rapidly spread over the chorion (Ji), and, coming into contact with

the vascular surface of the womb, they soon form a new bond of com-

munication between the mother and the foetus, constituting the placenta

;

and thus the offspring is nourished until, its intra-uterine growth

being accomplished, it is born in an advanced condition of development,

and becomes the object of maternal care during that period in which it

is dependent upon the breast of its mother for sujiport.

(2493.) The appearance of the placenta varies much in different

tribes : thus in the Sheep and other Ruminants it consists of numerous

detached masses of villi (fig. 571, i, i), that interdigitate with correspond-

ing processes derived from the maternal womb ; in the Mare it covers the

whole surface of the chorion ; but in tho greater number of Mammals,
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and in the Human female, it forms a single vascular calce, whence is

derived the name appropriated by anatomists to this important viscus.

(2494.) After the development of the placental system, it is obvious

that the arteries derived from the common iliac trunks of the foetus,

which at first wore distributed only to the allantois, as in the case of

the Bird (§ 2143), on the development of the placenta become trans-

ferred to the latter viscus, and form the umbilical arteries of the navel-

string. The vein, likewise, notwithstanding its prodigiously increased

extent of origin after the placenta has been formed, takes the same

course on entering the umbilicus of the fcetus as it did when it was

derived only from the allantois ; so that, although the placenta com-

pletely usurps the place of the allantois, both the allantoic and placental

circulations are carried on through the same umbilical arteries and

veins.

(2495.) In order to complete our history of foetal development up to

the full establishment of the permanent double circulation that charac-

terizes all the hot-blooded Yertebrata after birth, it only remains for

us to notice the changes that occur in the vessels of the foetus, whereby,

on the cessation of the functions of the placenta, the pulmonary circu-

lation is at length brought into action.

(2496.) Up to the period of birth the arrangement of the foetal cir-

culation remains essentially that of a Reptile, inasmuch as both the

venous blood derived from the system and the arterialized blood that

comes from the placenta are mixed together in the as yet imperfectly

separated chambers of the heart. Under these circumstances the

arrangement of the vascular system is as follows :—Pure blood, supplied

from the placenta, is brought into the body by the umbilical vein, which

passes partly into the portal system of the liver, but principally through

the ductus venosus into the inferior cava, and thence into the heart.

From the construction of the heart during this portion of foetal exist-

ence it is obvious that in that viscus all the bloQd derived from the

placenta, from the venous system of the foetus, and also from the as yet

inactive lungs, is mingled together prior to its distribution through the

arterial system. The two auricles communicate freely with each other

through \he foramen ovale ;
and, by means of the ductus arteriosus, the

greater portion of the blood driven from the right ventricle during the

systole of that cavity passes into the aorta, a very small proportion

only finding its way into the pulmonary arteries. Such a heart, there-

fore, supplies to the foetal sytem a mixed fluid, of which a portion,

having passed through the arterial trunks, finds its way back to the

placenta through the two umbilical arteries, there to recommence the

same circle.

(2497.) Immediately after birth, however, the whole arrangement is

altered, and the adult condition fully established. The lungs assume

their functions, and the pulmonary arteries attain their full proportions,
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While the phicenta at once ceases from its office, and all the umbiUcal
vessels become obliterated. The ductus venosus is no longer permeable,
so that the portal system and that of the venrn cavce are quite separated :the foramen ovale closes, thus completely separating the right from the
eft auricle

:
the .Zuciws arteriosus is reduced to a mere ligament; aU

the blood therefore, driven from the right side of the heart must now
pass into the expanded lungs, and be returned through the pulmonary
veins to the left side of the heart. Thus, the pulmonary and systemic
circulations being rendered totally distinct, arteriaUzed blood alone
enters the arterial system, to be distributed through the body, and, the
umbilical arteries disappearing, the highest form of the circulatory

'

apparatus is fully established.

. ^f^^^'L'^?^''
^''^^ "^ammar^/ glands supply the first nutriment

to the still helpless offspring. These vary in number and position in
different species of placental Mammifers, their number being of course
greatest m the most prolific races. Where the arms or anterior Hmbs
can be used for supporting or clasping the feeble young, as in the
Uuadrumana, the Bats, and the females "of our own species, it is upon
the breast that these nutrient founts are placed ; but in less gifted
tribes the mammce are situated beneath the abdomen or in the inguinal
region. Their structure, however, is similar throughout the entire class-
each gland consisting of innumerable minute secreting eeUs, grouped
together in lobules and in lobes. Delicate excretory ducts, derived
from aU these ultimate ceUs, unite together again and again until they
form capacious ducts, or rather reservoirs for milk. In the Human
female the lactiferous canals terminate by numerous orifices upon the
extremity of the nipple; but where the nipples are of large size,
they generally contain a wide cavity wherein the mUk accumulates in
considerable quantities, to be discharged through one or two orifices
only. Such are the modes by which Supreme Beneficence has provided
for the infant progeny of Mammiferous beings, and conferred the en-
dearments of maternity where He has bestowed intelligence to appreciate
affection.

^

But even this is not all : from the superabundance of the
store provided there may be yet to spare ; and Man is privileged to bid
his lowing herds yield him their milk for food, and thus obtains no
slight addition to the bounteous table spread for his enjoyment.

THE END.

I'lllNTED liy TAYLOK ANJJ I'UANCIS, UEl) I.KjN COUUT, FLEET STJIECT.
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