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NATURAL HISTORY OF VERTEBRATES.

Branch YIII.— VERTEBRATA.
A VEET direct and personal interest attaches to the study of the Vertebrata, that

branch of the animal kingdom to which man himself belongs, and of which he is in

many respects the highest member. Many of the most interesting problems con-

nected with man's place in nature can only be intelligently approached if the student

is possessed of a certain degree of acquaintance with the structure of the animals

built upon the same fundamental plan as himself. There can therefore be no more
fitting introduction to the special description of structure and habits of the various

groups of vertebrates than an attempt to indicate the anatomical features which are

common to all, and the chief lines of modification of them. The object of the fol-

lowing pages will thus be to afford the reader some general stand-points, from which

he may view the details embodied in the description of the separate groups, and at

the same time to indicate the directions in which anatomists are at present working.

Since the appearance of Darwin's origin of species, a quarter of a century ago, a

flood of light has been shed on comparative anatomy, by the labors of those anxious

to test the applicability of the doctrine of evolution within the domain of their

special researches. However far we may still be from the solution of the ques-

tion how and why the series of animal forms at present on the earth's surface

differ from those of past geological periods, the general consensus of opinion is that

they have descended from them. It is impossible, within the scope of the present

work, to present in a connected form the evidence on which this opinion is based

;

but the description of structure and development, as well as of the fossil forms, hav-

ing been prepared in the light of the evolution theory, will render it an easy matter

for the reader to discoveir their bearings upon that doctrine. Thanks to the immense

quantities of fossil vertebrates obtained from this country, the paleontological evi-

dence for the theory of evolution is more complete of information in this branch than

in any other ; and thus the systematist, having regard to these different sources, is

enabled, by the construction of genealogical trees, to indicate near or remote kinship,

and to illustrate, as far as can be done from our imperfect knowledge, the phylogeny

or line of development of the various groups.

Since Lamarck, in the beginning of this century, first drew a sharp distinction

between animals with and without backbones, the use of the terms vertebrate and

invertebrate has become almost a part of popular language. Just as, however, the

zoologist is obliged to restrict his use of the tenn fish to a narrower than the popular

sense, so the advance of knowledge has led him to recognize afllnities which oblige

him to extend the term Vertebrata further than its etymology would justify. The

conception embodied in that term is of animals possessed of a backbone formed of

joints— the 'vertebrae'— having a certain amount of motion on each other. In the

VOL. III.— 1



2 NATURAL HISTORY OF VERTEBRATES.

sense that we shall employ the term, however, animals are included with no outward

resemblance to the higher vertebrates, and, indeed, so unlike, that their affinities were

for a long time doubtful, till these were rendered plain by the study of development.

All of the members of this great branch of the animal kingdom are characterized

by the possession of a cellular cord— the notochord— which runs underneath the

central nervous system, and which, in the higher forms, is surrounded by the perma-

nent vertebral column and skull, and largely obliterated by the development of these

structures. So the term CHORDATA is frequently employed as synonymous with

Vertebrata in its wide sense. In most Chordata, the anterior end of the central ner-

vous system is dilated into a 'brain,' and this acquires a protective cajDsule, the 'skull';

but these structures are absent in the two lower divisions of the branch, which are

consequently known as Aceania, in contradistinction to the Craniata.

Our introductory account of the structui-e of vertebrates will be confined to the

craniate division ; for, both as far as numbers and morphological interest go, this is

overwhelmingly the most important. Of course a large amount of interest attaches

to the acraniate forms, in view of the consideration that all vertebrates are descended

from an acraniate stock, but the Acraniata that have persisted to the jiresent day are

unquestionably not in the direct line of descent, and one of the divisions has only

been able to hold its own in the struggle for existence by virtue of a remarkable series

of degenerate specializations. The reader is referred to the special account of these

divisions for details with which to compare the description of the structure of the

craniata which follows. It need only be premised that the two divisions of acraniata

are distinguished from each other by the relations of the notochord. In the single

form, Amphioxus (Fig. 54) which constitutes the division Cephalocorda, the notochord

is continued as far forward as the anterior end of the head, while the Urochorda,

embracing all the animals known as Tunicates, pass through a tadpole-like larval stage

in which the notochord is confined to the tail (Fig. 47). The fact, already indicated,

that the Urochorda undergo a degenerate metamorphosis, their affinities with higher

forms being chiefly observable during larval life, is sufficient to account for the much
greater departure exhibited by their adults than by Amphioxus from the ordinary

vertebrate type.

It will appear from the above what great prominence is now given by zoologists to

the value of affinities i-evealed by the study of development. To the same branch of

investigation are due many of the gigantic strides made by the science of comparative

anatomy within recent years. To enable the reader to understand the direction of

these, as well as to realize that embryology is often the only clue that can be relied

upon to guide the student through the intricacies of adult structures, it is desirable at

this stage to explain something of the processes by which the complex multicellular

body is evolved from the apparently so simple unicellular egg. In describing the dif-

ferent systems of organs which compose the vertebrate body, further reference will be

made to the mode in which these arise from the different layers of en;bryonic cells,

even to the extent of repeating some of the statements given in the first volume of

this series.

Before advancing to this part of our subject, it will be well that the reader should

be acquainted with some of the morphological terms employed in the description of

the vertebrate body. Much confusion has been occasioned by importing into compara-

tive anatomy terms employed in human anatomy, but the efforts of Owen, Huxley,

and others to introduce terms of general applicability to vertebrate animals have
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resulted in a great improvement of anatomical nomenclature. These efforts have been

ably forwarded by Professor Wilder in this country, with whom several of the terms

employed here, especially in the description of the anatomy of the brain, originated.

Vertebrates are described in the ordinary prone attitude ; the upper surface is the

dorsal aspect ; the lower, ventral ; the sides, lateral ; the extreme front end is the

cephalic extremity; the tip of the tail, the caudal extremity. Their bodies are com-

posed of symmetrical halves, disposed right and left of a mesal sagittal plane ; i. e., a

vertical plane which joins the middle line of the dorsal and ventral surfaces from the

cephalic to the caudal extremity. Frontal planes pass from dorsal to ventral aspects

at right angles to sagittal planes. Horizontal planes cross from side to side at right

angles to both. Direction towards particular aspects of the body is indicated by the

adverbial termination 'ad;' thus, dorsad, cephalad, mesad. The symmetry of the

vertebrate body is disturbed by the intestinal organs, but it extends to the paired

limbs, anterior and posterior, which are generally present. Unpaired limbs (median

fins) are only present in aquatic forms.

Certain of the systems of organs are disposed in segments, or metameres, one after

the other. It is not uncommon that contiguous metameric parts should be fused with

each other in such a way as to render it difficult or impossible to detect the segmen-

tation. In comparing such segmental or metameric pai"ts, they are said to be homo-

dynamous, while parts which are developed the same way in different animals are

homologous with each other, and structures which merely discharge the same functions

are called analogous.

The intestinal organs show no trace of being disposed in metameres, unless the gill

clefts and homologous structures are thus interpreted ; and the same is true of the urinary

and reproductive organs, with the reservation that segmental structure is indicated in the

development of the former of these, and may be traced in the adults of lower vertebrates.

With extremely rare exceptions, the sexes are separate in vertebrates ; except in

Tunicates no asexual reproduction such as is met with in many of the lower branches

occurs, and new individuals are consequently always developed from fertilized eggs.

The fertilization of the egg is effected by sperm-cells formed in the testes of male

individuals, while the eggs themselves are formed in the ovaries of females.

The development of the egg takes place either entirely outside the body of the

mother, when the animal is said to be oviparous, or to a greater or less extent within

the body of the viviparous mother.

Although in different groups we find the eggs as they leave the ovary to be widely

different in size, yet they are always single cells. In the craniate vertebrates, the

largest eggs are those of the birds, the smallest those of the higher mammals. In the

latter group the ovarian egg measures about -jj^y of an inch in diameter, the part of

the sperm-cell which fuses with it in the pi'ocess of fertilization hardly so much as

s-Ts^TT) so that it is from the conjugation of two quite microscopic elements that the

adult body results. In view of the facts of heredity, it is safe to say that the sim-

plicity of the structure of the reproductive elements is only apparent, and that,

although unicellular, they are still, in virtue of their molecular constitution, epitomes

of the structure of the adults.

The sperm cells are always of small size, but the eggs may be very large, in virtue

of having within the egg-membrane a greater or less quantity of ' food-yolk ' in addi-

tion to the formative yolk, which is directly converted into the tissues of the embryo.

Further nutritive material, like the white of the bird's egg, may be furnished by the
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walls of the oviduct as the egg escapes to the outside ; the lower part of that tube

may also provide a protective shell for the egg, the form, texture, and chemical nature

of which present wide differences in the various groups of oviparous vertebrates.

Eggs which are free of food-yolk, like those of most mammals, divide completely

into two equal parts after fertilization, and this division goes on regularly till a mass

of small cells results, which eventually arrange themselves into the three embryonic

layers. Such eggs are holoblastic ; but the presence of a large amount of food-yolk in

the egg brings about various complications ; it prevents the eggs dividing completely,

and consequently the process of segmentation is limited to one pole of the egg, and

is on this account styled meroblastic. Other processes, too, are rendered more complex

by the presence of the mass of non-segmenting food material, so, as an introduction to

the phenomena of development, we shall select the eggs of the toad, which are com-

paratively free from food material, and which divide comi^letely, though unequally.

The eggs of most mammals are so free from food-yolk that they divide completely and

equally, but as the mammals are, probably, descendants of forms with large eggs, the loss

of the food-yolk is to be considered as secondary, and as consequent upon the develo]v

ment of certain other arrangements (the placenta) for nourishing the embryo, which

have rendered the other food material unnecessary. But the mammalian eggs have

inherited from these earlier types certain complications which render it easier for the

beginner to understand the processes of development in the eggs of frogs and similar

forms.

As is well known, the spawn of toads and frogs is composed of gi'oups of eggs sur-

rounded by a transparent jelly-like mass, which, like the white of the

bird's egg, is secreted by the walls of the oviducts, but, unlike that, is

not used as food by the developing embryos. The egg itself measures
about -[Jy of an inch in diameter, and that pole which contains the nucleus

or germinal vesicle is always more pigmented than the other. After

^iMni'ijMtoflfter
fsi'^i^ization the egg becomes completely divided into two equal parts,

second segmen- and Very soon thereafter into four cells, two of which are much smaller

than the others (Fig. 1). Even at this stage the cells begin to retract

from each other, so as to leave a small space between them, which eventually increases

as the division of the cell goes on, and becomes the

segmentation cavity. The larger cells, which contain

the food-yolk, segment more slowly than do those at

the other pole of the egg, so that, before the next
important stage in development takes place, a spheri-

cal multicellular body results, the cells at one pole

of which are very much smaller than those at the

other pole. At one spot on the line of junction of

the small and large cells (Fig. 2, x), the small cells are

turned in, or invaginated, so as to form the lining of

a new cavity, the beginning of the intestine, and
simultaneously, while the rest of the small cells gradu-

FiG. 2.—Diagiammatio longitudinal section ally grow over the larffe ones SO as to occut)v also the
of embryo toad ; e, epiblast, li, hypoblast, 4.1 i j. , ,

j^j .^y, ^ ^
m, mesobiast, s, segmentation cavity, x. Other pole 01 the esTff, the lininff of the intestine be-
edge of invagination. _ . ^ , ^comes separated from the outer layer by a new middle
layer, which grows round from the lips of the orifice of invagination (Pig. 2, m, m')
In this way the three layers of the embryo are formed, to which all the tissues' and
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Fig. 3.—Transverse section of embryo
newt ; e, epiblast ; hy, hypoblast ; me,
mesoblast ; mg, medullary groove.

organs of the body may be ti-aced, viz : epiblast, mesoblast, and hypoblast. Of these,

the former is constituted by the outer small cells, which now encase the whole embryo

;

the latter lines the intestine and draws upon the larger yolk-laden cells, as additions

to the layer are required, while these two layers are separated by the mesoblast, which,

in its development, is closely connected with the invagination of the intestine.

Although this orifice of invagination, or blastopore, is very much restricted in

extent in the frogs, it would seem to have been much longer in earlier forms, for it is

still represented in some amphibians as a ' primitive groove,' which extends along the

dorsal surface of the egg,— that afterwards occupied by the central nervous system.

Again, in some tailed amphibians the intestine retains, j)ermanently, a communication
with the outside through the blastopore, which is converted into the anus, and it is

possible that this communication may have been double in earlier forms ; a mouth per-

sisting at the front end of the elongated blastopore,

while the intervening part of the slit became closed.

Neither slit nor groove are to be detected in the frog,

but along that surface which is thus occupied in other

forms, the epiblast becomes altered into a series of cells,

which, at first, form a flat plate on the level of the other

epiblastic cells, but afterwards come to lie in a groove

below that level. These altered epiblastic cells are des-

tined to form the central nervous system. The groove

is known as the medullary groove ; in the middle of

its extent it soon becomes converted into a tube, so that the resultant nervous tube

or canal then communicates with the outside merely by an anterior and posterior

neuropore. During the closure of the medullary groove, which is illustrated by

a transverse section of an embryo newt in Fig. 3, the epiblast, which was at the sides

of the groove, comes to lie over it, and a seam is thus formed along the middle line

above, all traces of which are, however, very soon obliterated.

It is very probable, as has been suggested by Sedgwick and Van Wijhe, that the

stage of development we are considering now,

where the neural tube is open in front and

behind, really answers to an ancestral verte-

brate form, where both intestine and neural

tube were traversed by streams of water

sucked in by the ciliated linings of these canals.

The anterior neuropore is only very transi-

torily open, however (except in Amphioxus,

where, even in the adult, such a stream enters

the neural tube), but the posterior neuropore

retains for some time after that an intimate

relation with the blastopore (Fig. 4), or when
that orifice closes, as it does in the case of the

toad here described, with the neighboring part of the intestine, so that a canal of com-

munication between the neural and intestinal tubes (neurenteric canal) exists for some

time. That rudiments of this canal are met with also in the embryos of birds and

mammals is strong evidence of the truth of this hypothesis.

So far the intestine of the embryo toad only communicates with the exterior by

the blastopore, but, when that closes, a new aperture, the anus, is formed further for-

FlG. 4.—Diagrammatic longitudinal section of em-
bryo toad ; al, alimentary tract; «c, neural canal;
m, mesoblast; y, hypoblast ; n, neurenteric canal.
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wards, and the part of the intestine behind the anus, as well as the neurenteric canal,

soon become obliterated. It is at a late stage that the intestine acquires a new open-

ing to the exterior, the mouth (Fig. 5), which is formed by the turning in of the epi-

blast towards the front end of the intestine.

n-j^^^s. ^^ *^'^ ^^y * complete intestinal tube is

j^^^^^^^g^' «c j^§M^§''n While these changes in the neural and

^^^^^ijj^^^^^^^^^^^ffljjf intestinal tubes are going on, important

m^^ ^^^^^^??=ro»^^^^^^^^" alterations are likewise taking place in the

^^Brnomm.^^^^^^^^^^^^^^^ mesoblast. This layer is not continuous

^^^^^^^^^^^^^^^^^^ underneath the neural tube, but is divided

^^^^^^^^^^^^P^'" into a right and left half (Fig. 4), separated

^^*°^°=S55='^^^ ]by the notochord, itself probably derived

Fio. 5.—Longitudinal section of SomUnalor embryo: fi-Qm the underlying hypoblast. It is impor-
OM, anus ;«(, notochord;/, liverj Bt.moutlij )!C, neural j o ji i

canal
; p, pineal gland ; at, alimentary canal ; n, neu- ^^nt that the Student should Understand the

relationship of the mesoblast to the noto-

chord at this stage, as it is round the notochord that the important axial skeleton is

eventually formed. At present each sheet of mesoblast is plainly formed of two strata.

Fig. 3, the outer of which applies itself to the epiblast, the inner to the hypoblast. The

space between the two is the future cavity of the body in which the viscera lie; higher

up the space dilates considerably in the parts of the mesoblastic sheets lying alongside

the notochord, and eventually a complete separation is effected between these upper

and lower parts. The upper parts become divided into a number of cubical segments,

arranged in pairs on either side of the notochord ; these retain their original cavity for

some time, and give rise to certain very important organs. They are known as proto-

vertebrsB, or, better, as mesoblastic somites, and are the first indication that the frog

is a segmented animal. The lower parts of the mesoblast, or lateral plates as they

are now called, remain undivided into segments.

All of the processes above described, as well as others to which no reference has

been made, take place while the embryo is still encased in the egg-membrane. After

that membrane has been burst, the embryo escapes and swims about as a tadpole, which

still differs from the adult by the presence of a fish-like tail, the absence of paired

limbs, and the fact that respiration is conducted by external gills instead of by lungs.

The change to the air-breathing adult stage (so great that it is called a metamor-

phosis) is effected by the loss of the tail and gills, and the development of the legs and

lungs.

It is by processes similar to those described in the frog that the unicellular egg of

all vertebrates is converted into an embryo in which three distinct layers of cells are

present, destined to give rise to all the organs of the body. These layers are arranged

relatively to each other in such a way that the epiblast which covers the whole body

has already given rise to a dorsal nervous tube, separated by the notochord from the

primitive intestine, while the mesoblast, situated between the other layers, has sepa-

rated dorsally into the metameric cubical somites, while ventrally it splits into two

plates, which adhere to the epiblast and hypoblast respectively, leaving between them

the body-cavity.

These processes have only been described so far as to make intelligible the mode of

origin of the different systems of organs, to the account of the general arrangement

of which we now proceed. They are generally discussed in the following order : the
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skin, the skeleton, the muscular and nervous systems, the intestinal, respiratory, vas-

cular, and urogenital systenis.

The Skin in Veetebeates.

As we shall presently see, there is considerable difference in the structure of the

skin in the aquatic and the air-breathing vertebrates, but both groups agree in the fact

that it is invariably composed of two primary layers, the ' epidermis ' and the ' corium.'

The former is derived from the epiblast of the embryo, while the latter is formed from

the most superficial stratum of mesoblastic cells. Fig. 6 represents diagrammatically a

section through the skin of a fish, in which the two layers are very distinctly seen.

In the epidermis we observe that those cells which are closest to the surface are more

or less flattened, while those resting on the corium are much more elongated. The

cellular structure is always easily recognizable, the individual cells being separated by

chinks which are traversed by connecting bands of protoplasm. Occasionally a

branched pigment-cell may be seen thrusting its processes into these inter-cellular

chinks. Certain of the surface cells are constantly being transformed into mucus-

cells, which, becoming larger than their neighbors, and undergoing a chemical and

physical change, eventually burst and discharge their mucous contents on the sur-

face of the skin. In those fishes, like the eel and cat-fish, where the skin is particularly

slimy, this is no doubt due to the abundance of certain very large ' clavate * cells, which

pour out their seci-etion into the intercellular spaces. Such clavate cells are known in

the common mud-puppy and other aquatic Amphibia, but they disappear from the skin

with the change to a new element in cases like the salamander, which, after a larval

aquatic life, become, when adult, wholly terrestrial in their habits. As for the mucus-

cells, they also do not occur in the skin of air-breathing animals, although they are

abundant in the cavity of the mouth.

The epidermis and corium are not in contact with each other by a perfectly flat

sui'face, but the latter is here and there elevated into ' papillae,' in which the looped

capillary vessels are found, whence the nourishment of the epidermis is obtained, and

through which the nerves which are destined for the epidermis course. Below this

papillary layer, which is further generally remarkable as a seat of pigment cells, the

corium is formed, in the aquatic vertebrates, of pai-allel bands of fibres, traversed here

and there by a stout bundle conveying outwards vessels and nerves. Separating this

comparatively dense layer from the underlying muscles, is a varying amount of looser

connective tissue, often rich in fat, which is termed the ' subcutaneous connective

tissue.'

In many respects the epidermis of aquatic vertebrates is a higher and more com-

plex organ than that of the air-breathing forms. This is especially true of modified

tracts of the epidermis, which are developed at the extremities of nerves, and which

are on this account known as ' neuro-epithelial ' structures. Two varieties of these

exist in the skin ; one, on account of its shape and its relation to a nerve, is known as

an ' end-bud,' and such end-buds, carried upon papillae, are extremely common over the

whole of the skin, but especially on the head and in the cavity of the mouth. Although

such end-buds are not found in the skin of air-breathing vertebrates, yet they persist

in the mouth, where, from being organs of a more general tactile function, they are

specialized as organs of taste. The second category embraces a very important group

of sense organs, the nerve-hillocks or neuromasts, which are found in all fishes and

aquatic amphibians ; they differ in shape, as well as in the form of the sense-cells, from
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ep.

Fig. 6.— Diagrammatic section of the skin of a fish

;

c, corium ; c^, clavate ceils ; eb, end-bud, or goblet organ ;

/, free neuromast ; m, mucous cell ; n, nerve
; p^ pigment

cell ; s, saccular neuromast ; i-c, mucous canal ; «, vein ; ep^

epidermis.

the above, and are often segmentally disposed. They are either free on the surface,

as in the blind fishes, or retracted more or less within sacs, as in the sturgeon and cat-

fish, or finally withdrawn from the epidermis entirely, and lying within canals in the

corium which course through the head and along tlie lateral line of the body. Such

neuromastic canals are present in fishes, with few exceptions; they are generally

strengthened by bone round the place where the neuro-epithelial patch is situated, and,

in fact, important scales and bones are

developed with such organs as their

centre of formation. Fig. 6 represents

the three chief types of neuromasts

met with in fishes. No such structures

occur in the higher Vertebrata, unless

the auditory organ is to be conceived as

a very highly specialized grouj) of pro-

tected neuromasts. Apart from the

similarity in the structures of the neuro-

epithelium, other theoretical considera-

tions favor this view. It has been in-

dicated that the skin of air-breathing

vertebrates differs in many respects

from that of aquatic forms. Very early

that layer of the epidermis which cor-

responds to the most superficial stratum in the aquatic forms is thrust off, and

underneath it one or more layers of cells dry up, flatten, and undergo a chemical

change, which process results in the differentiation of two strata of epidermal cells,

the superficial horny and deep mucous strata. The flattened scale-like cells of the former

are constantly being rubbed off (or exuviated in greater masses, as in the snake's slough)

and replaced by the cells of the lower layer, which retain the power of dividing. It is

obvious that the formation of this horny layer is in direct response to the change of

medium in which the animal lives.

Associated also therewith is the disappearance of the delicate neuro-epithelial struc-

tures discussed above. Although the nerves may still be traced into the cells of the

mucous layer, yet specialized end-organs are now found only in the corium, where they

occur in very various grades of evolution. In all, however, the sheath of the entering

nerve-fibre is very much thickened, while the individual cells of the altered sheath are

disposed either longitudinally or transversely in the club-shaped or globular ' tactile

corpuscles.'

The lubrication of the surface effected by special cells in the lower forms is, in

the Amphibia, brought about by the secretion of cutaneous glands. These are formed

from the mucous layer of the epidermis, which may project inwards to some extent into

the corium, and even receive a contractile sheath from it which regulates the discharge

of the glandular secretion. They may occasionally take qn special functions, as in the

poison-glands of certain toads, etc. Such cutaneous glands are rare in the reptiles and

birds, but they reappear in several distinct forms in mammals, where they associate

themselves with very various functions.

Thus the sweat glands of mammals are important organs of excretion, assisting

the kidneys in removing waste material from the body. Their deep position in the

corium, although formed from the mucous layer of the epidermis, is characteristic.
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Again, the sebaceous glands sei-vo to lubricate the skin, and are closely connected with

the hair follicles. Glands of this character are often largely developed in various groups

of mammals, for the purpose of enabling individuals of a species to trace each other's

whereabouts. Finally, the milk glands tlieraselves of mammals are developed in the

same way as the sebaceous glands, and, in the lowest division— the monotremes— their

arrangement is such as to suggest that structures that at one time had a very different

function have gradually been diverted towards that of supplying nutriment to the

young.

Epidermal Appendages of the Skin.

With the change from an aquatic to a terrestrial life, which results, as above

remarked, in the hardening of the exposed layer of epidermal cells with a horny

layer, we find that certain additional protective or defensive structures are developed,

composed of epidermal cells, which have undergone the same horny transformation, but

which are often very specialized and characteristic of the different groups of the air-

breathing vertebrates. These structures are always formed by the activity of the

mucous layer of the epidermis, which generally retains the power of reproducing

them when lost. Their presence always affects the underlying corium, and in many
instances they may have important relations to underlying bones, whether these

belong to the skin, as in the case of the horny tortoise-shell, which covers the bony

carapax of the turtle ; or to the internal skeleton, as is the case of the horns of oxen

;

or of the nails, claws, and hoofs of air-breathing vertebrates. But again, they may be

confined to the skin, without entering into such relations, as is the case with most

scales. Feathers and hairs, one of the structures referred to, belong to the category of

epidermal appendages, as do also the horny pads or callosities met with in places

liable to pressure, throughout all the groups of air-breathing vertebrates. In many

cases the cellular structures of these is readily demonstrable, but in others (scales,

hairs, horns) the elements are so altered as to give a fibrillated appearance to the

tissue. Throughout the chapters which treat of the air-breathing vertebrates, many

references will be found as to the extreme variety of form which these protective and

defensive corneous structures may assume, here it is very necessary to call attention

to the similarity in their mode of development. Even structures so different as hair

and feathers have, in this respect, many points in common ; only that phase of the

development of the feathers in which the papilla of the corium pushes out the over-

lying epidermis beyond the free surface, is not found in the hair, where the first stage

of development is an inward growth of the mucous layer of the epidermis, into

which the papilla of the corium afterwards grows.

SKELETAL STRUCTURES.

Under this heading are embraced all the hard parts which serve for the support of

the body, and likewise for the protection of internal organs. Frequently the skin is

the seat of such skeletal structures ; when this is the case the structures are termed

collectively the exoskeleton ; the term endoskeleton is being reserved for those struc-

tures which are developed in deeper layers of the mesoblast.

Exoskeleton.

Structures of this category are certainly more frequently found in the lower than

the higher Vertebrata. The scales of fishes are all of this character, however sing-
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Figs. 7 and 8.— Embryonic and mature teeth in skin
of a mailed siluroid ; c, cement bone developed
as a socket for the tooth ; d^ dentine ; e, enamel

;

eo, enamel organ ; od, odontoblast ; p^ papilla.

ular the modifications which they assume. The most primitive exoskeletal structures

are the little teeth which heset the skin in sharks, constituting the ' shagreen,' derived

from them ; similar teeth occur in the skin of the sturgeon between the larger bony-

plates, so characteristic of that fish. The mode of formation of such teeth may be

readily understood from Figs. 7 and 8, which illustrates the development of such

dermal teeth in one of the mailed siluroids.

The seat of formation is obviously one of the

papillsB of the cerium, but certain connective

tissue cells clothing the papilla (^od) have

the property of secreting a substance which

becomes impregnated with salts of lime, and
simultaneously of leaving some of their own
processes in the hard substance so formed.

This is dentine, and the forming cells are

termed odontoblasts. The surface of the

young tooth becomes coated with a cap

of very hard enamel (e), which is secreted

from the lower columnar layer of epidermal

cells, modified at this place into a so-called enamel organ. Eventually the tooth grows
out beyond the level of the epidermis, the papilla remains as the pulp cavity of the

tooth, and all trace of the epidermal cells are soon rubbed off from the enamel cap.

Deeper down in the corium a sort of socket is formed for the tooth by the formation

from the connective tissue of a small plate of bone, so-called cement bone. These
structures are of great interest and importance, because the bony plates of the stur-

geon, already referred to, are simply formed by the fusion of such cement plates, and
even the rhomboid scales of the gai-pike have a similar origin, although they have lost

the asperities which characterize the plate of the sturgeon. The various forms of

scales met with in the Teleosts are developed in the corium in a similar way, but in

the ordinary ' cycloid ' and ' ctenoid ' scales, there is never any enamel or dentine

formed on their surface. We have noted above that sim-

ilar bony plates may be also formed for the protection of

the sense organs lodged in the corium, and it is necessary

to call attention specially to these two forms of dermal

bones, as we shall find them later entering into such

important relationships with the endoskeleton, that we
shall have to treat of them in that connection. Few exo-

skeletal structures occur in the Amphibia. Crocodiles, on

the other hand, are well provided with such plates, but

Fig. 9.— Section through the oarapax they nowhere reach such a high degree of development

mis"; mj^m^u'oous layer!"'
"' ^^^ ^^'

as in the turtles, where they form a more or less complete

box for the protection of the animal. Many of the plates

developed in the corium in this way enter into close union with parts of the

endoskeleton, others are quite free from such connection, while all are closely en-

veloped by the horny scales of epidermal origin ; in many a thin strip of unossified

corium and the mucous layer of the epidermis intervening between them (Fig. 9).

Few mammals are possessed of dermal bones of similar origin to those of the

turtles, but the living and extinct ai-madillos of South America form an exception to

this rule.

jjjj[JpiB«iMja.UI*W.M»il.Jl«.m»p
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THE ENDOSKELETON.

Fig, 10.— Horizontal section of a young gar-pike on the level with
the notochord (nc); mt. myotomes, separated by septa or myo-
commata imc) attached to the ends of the hsemal arches (Aa);
«, corresponds to the centre of a vertebra, the anterior and
posterior faces of which are indicated by a dotted outline. The
notochord still is wider intervertebrally, iv.

The mode of origin of the notochord has been discussed above ; its relationship to

the skeleton of the adult, as -well as to the other organs of the body, must now be de-

scribed. It is only in lower forms, mc nc

like Amphioxus and the Myzonts,

that the notochord persists in its

whole length in the adult. Usually

it is profoundly altered by the for-

mation of surrounding hard 2>arts.

On their first appearance in the em-

bryo of higher, as well as in the adults

of lower, forms, these are simply rep-

resented by a continuous unsegment-

ed investing sheath of connective

tissue, which has the potentiality of

developing into skeletal structures

(the skeletogenous sheath) ; but very

soon the segmental characterbecomes
impressed upon this, and is, no doubt,

traceable to the influence of the

strains of the muscles on the sides of the sheath in locomotion. That the segmentation

of the sheath and the muscles have a very intimate relation to each other may be seen

from Fig. 10, which represents a horizontal slice

through the notochord of a young gar-pike. The
cartilaginous sheath, although continuous round

the notochord, exhibits a distinct segmentation

;

it pushes out on either side certain processes {ha),

the hjemal arches, which run out between the

muscle-segments, and are in the adult continued

by the ribs, although at this stage these are not

yet to be found in the membranous partitions

(the myocommata) which are attached to the ends

of the haemal arches, and separate the muscle-

segments. Opposite the haemal arches the noto-

chord is distinctly constricted, and this point

corresponds to the middle of the vertebra of the

adult, while in the place corresponding to the

interval between two contiguous vertebrae the

notochord is considerably thicker. Figs. 11 and

12 serve to illustrate more fully the relation of

the central skeleton to the notochord ; both rep-

resent frontal sections through a young gar-pike,

a little behind the head ; but 12 is through a verte-

bra, while 11 is through an intervertebral space.

Above the notochord is the spinal cord, giving origin to a pair of spinal nerves, and

separated from the surrounding muscles by an arch which, except a triangular block of

Fig, 11.— Frontal section through intervertebral
space of young gar-pike in the region of the pec-
toral fins ; nsp, neural spine ; gp^ spinal cord ;

m, muscles ; v, veins ; ^, kidney ; ao, aorta ; a&,
air-bladder ; o, oesophagus ; c, coelom

;
pc, peri-

cardial cavity ; ht^ heart
;
pa, pectoral arch.
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cartilage forming its key, is merely membranous. Below the notochord is the princi-

pal artery, the aorta, with the trunk veins and the kidneys on either side. These lie

above and outside the coelom, a space which contains the viscera (in this region chiefly

the air bladder and the oesophagus), and a part of which is partitioned off as the peri-

cardial cavity to accommodate the heart. The lateral walls of the cceloni are foi-med by

muscles which attach themselves to the supporting cartilage of the fore fin, the

' pectoral arch.' Fig. 12 shows how the chief parts of the permanent vertebra arise.

Two cartilaginous haemal arches (called so on ac-

count of their relationship to the chief blood ves-

sel) jut outwards and backwards, and two neural

arches of the same tissue project upwards so as

partly to wall in the spinal cord. But bone is

beginning to appear chiefly in the membrane sur-

rounding the cartilage (perichondrium) and is ex-

tending also in the rest of the membranous wall

round the spinal cord. In this way are formed the

essential elements of a vertebra, viz. a central

part surrounding the notochord, the body or cen-

trum; two lateral parts, the neural arches, which

serve to protect the spinal cord, and are aided in

„ , , , this by a dorsal neural spine: and, finally, two
Fig. 12.— Section through vertebra of young •'

. .

gar-pike ; ha, cartilaginous haemal and (no) haemal arches continuous with the ribs, which, in
neural arches; the surrounding perichon-
drium is giving rise to bone continuous with their turn, help to strengthen the wall of the
the osseous neural arch (na) developed in the -.,.,« . .

membranous -wall of the spinal canal («p) ,• coelom, and may, in higher lorms, unite in a
el, elastic ligament ; nc, notochord. , f <•

breast-bone or sternum on the ventral suriace or

that cavity. Further elements of the vertebrae are present in higher forms, serving

for the purpose of securing union between the arches of contiguous vertebrae

(articular processes), or as additional points of support for the ribs (transverse

processes), or for the attachment of muscles. The edges of the centra likewise occa-

sionally develop articular processes, but as a rule the connection between contiguous

centra (except where they are fused together) is effected by ligaments.

The extent to which the notochord persists varies greatly in different groups.

Teleosts present little advance upon the stage of the gar-pike described above, the

individual vertebrae being deeply hollowed on either face (amphicoelous), and retaining

in the hollows a very considerable amount of notochord, while in the gar-pike itself

a ball-and-socket joint forms between contiguous vertebrEe, the sockets occupying

the hinder faces (opisthocoelous vertebra). Little or none of the notochord is left

in the interior of each vertebra, and this is likewise frequently the case in reptiles,

where the socket often occupies the anterior face of the vertebra, which is then styled

proccelous. In most Mammalia a special provision is made for the slow attainment

of the adult length of the vertebral column, in that the faces of the vertebrae are fur-

nished with ' epiphyses,' separate plates of bone, between which and the centra proper

a zone of cartilage allows for additions to the length, until, when the adult size is

attained, the epiphyses fuse with the centra and then form their faces. In the

mammals also well-formed intervertebral discs of fibro-cartilage unite the faces of

contiguous vertebrse, and contain some trace of the notochord, even in the adult

condition.

An important difference between the vertebral column of higher and lower forms
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is observable in the greater distinctness of the regions into which the column is divisi-

ble in the higher forms. In a fish one distinguishes between trunk-vertebrae and tail-

vertebrse, the latter j\ ,. ^ a

being in that part of

the body behind the

coelom, while in most

higher forms (Fig.

13) five regions are

distinguishable.

Thus cei'vical verte-

brae are distinguish-

ed from the succeed-

ing trunk vertebrae

by the fact that their

ribs (when present)

do not unite veutral-

ly in a sternum. Again, certain sacral vertebras are specialized by their ribs affording

support to the pelvic girdle, which, in its turn, supports the hind limbs. Behind the

sacral region is the caudal region ; in front of it, the trunk, or dorso-lumbar region,

composed of the dorsal and lumbar vertebrae, the latter differing from the former in

having no movable ribs.

Throughout the vertebrates Ave meet with parts of the vertebral column, modified

in connection with requirements of the most various character. The union with the

head modifies the first (atlas) or first two vertebras (atlas and axis). In some Teleosts

certain anterior vertebrae are altered in form to establish communication between the

air-bladder and the ear ; and in all, the end of the caudal region is modified in connec-

tion with the caudal fin. Again, fusion of certain tracts is normal in the sacrum, and

may be exceptionally present in other regions, as the tif» of the tail in birds, the dorsal

region in turtles, etc.

Fig. 13.— Skeleton of boar ; c, cervical ; </, dorsal ; I, lumbar ; s, sacral, and t, caudal
vertebrae.

The Ribs and Stbenum.

The mode in which the ribs of the gar-pike are developed, continuously with the

haemal arches, has been referred to above. Whether the ribs of the higher forms,

which frequently unite in the ventral middle

line to form a sternum, are homologous struc-

tures, is not yet completely determined.

That the second point of contact obtained

with the neural arch of the vertebra is a

new acquisition-of the higher forms has been

hinted at above. In defining the regions of

the vertebral column of the higher forms, it

has been indicated that in these the ribs are

very different in different regions. Cervical

ribs may be movable, but they are generally

so short and so fused with the vertebra, that

they merely form a 'perforated' transverse

process. Dorsal ribs, on the other hand, as already mentioned, unite to form the

sternum ; this they do by their ventral ends fusing together into two cartilaginous

Fig. 14.— Section of the thoracic region of the skele-

ton of a crocodile ; c, centrum of vertebra ; cr^ car-

tilaginous portion of vertebral rib ; n, neural spine ;

p, uncinate process on r, vertebral rib ; s, sternum ;

sr, sternal rib ; t, transverse process ; z, articular
process.
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strips or plates, which eventually unite with each other. Fig. 14, which represents

a section of the thoracic region of a crocodile,

shows the intimate relation that these structures

have to each other, to which reference will af-

terwards be made. The sternal and vertebral

halves of the ribs (r and sr) may be somewhat in-

dependent of each other, and the latter may be

locked together by overlapping imcinate processes.

After the fusion of the cartilaginous strips into

the sternum, the. latter frequently becomes in the

mammals secondarily segmented into bones to the

intervals between which the ribs are attached,

(Fig. 15).

The snakes are characterized by the absence

of a sternum, which, like the. absence of the

limbs, is presumably secondary. A similar ex-

planation must be given for the absence of the

sternal ends of the ribs in Amphibia, where the sternum itseK is present and closely

connected with the shoulder-girdle.

Fig. 15.— Shoulder-girdle of a field mouse
;

ac, acromiou process ; c, coracoid process ;

cl, clavicle ; eps, episternum ; sc^ scapula

;

sr, sternal; v, vertebral rib ; x, xiplioid car-

tilage.

The Skull.

Just as the vertebral column is derived from the skeletogenous tissue surrounding

the notochord, so the groundwork of the skull is derived from similar tissue, which

lies on either side and in front of the cephalic end of the notochord. But the

demands on this tissue are of a very different character in the cephalic end of the

body. The central nervous system in this region swells out into the brain ; for tliis a

special protective capsule is required, which, of course,

adapts itself in foi"m to its contents. No segmentation

like that in the vertebral column occurs in this chon-

drocranium, which is further modified by protecting

the auditory organ behind, the olfactory in front, and,

to a less extent, the eye in the middle. These organs

thus mark out regions in the chondrocranium (the

olfactory, orbital, and auditory) while a fourth region,

the occipital, is that which establishes the union with

the vertebral column.

Fig. 16 indicates how part of the skeletogenous

tissue {p, the parachordal tracts) lies at the side of

the notochord, while two other tracts. (the trabeculae)

are entirely prechordal, and thus not comparable to the

tissue around the notochord. The parachordal tracts

soon coalesce with the auditory capsules, and tend to

grow upwards round the brain, as do the trabecular

tracts further forwards. The latter also contribute to

the formation of the olfactory capsules, so that a cartilaginous box for the accom-

modation of the brain results, the walls of which are, however, in most forms,

deficient in certain places (fontanelles). It is this chondrocranium which furnishes the

substratum in or on which the cranial bones are developed. Even in its notochor-

FiG. 16.— Head of embryo dog-flsh ; a,
auditory capsule ; c, trabecular cor-
nua ; c/, visceral clefts ; 6, brancbiie;
e, eye ; i, infundibulum ; o, olfactory
organ ; n, notochord

; p, parachordal
cartilage ; s, spiracle ; t, trabecula.



VERTEBRATES. 15

dal region no evidences can be detected of a division into vertebral segments, unless,

indeed, certain arches which are attached to its ventral face are to be so regarded.

To understand the nature of these, it is necessary to anticipate here the description

of a feature of the alimentary canal, which is common to all vei-tebrates. In the

aquatic vertebrates the anterior part of the alimentary canal communicates with the

outside by a series of gill-clefts on either side, through which the water streams for

respiratory purposes. Although these gill-clefts entirely disapjjear, with the exception

of the first, in the adults of air-breathing vertebrates, yet they are present in the

. embryos of all, even the highest. Between the clefts (also known as visceral clefts)

are left certain solid pillars, the visceral folds, and these are strengthened by cartilagi-

nous supports, the visceral arches, which are only developed to a small extent in the

adults of air-breathing forms,- but attain the maximum of their development in aquatic

species, as the gill or branchial skeleton (Fig. 17.) Many anatomists consider these

arches to be homodynamous with the haemal arches and ribs further back, and thus to

represent the haemal arches of the notochordal

part of the skull, but this must still be con-

sidered as not sufficiently made out ; for the

side walls of the head, in which they make
their appearance, do not participate in the

segmentation, which we shall afterwards see

is observable in certain organs of the upper

part of the head, although not in the chon-

drocranium.

The greater part of this visceral or branch-
. , -, , ^ , . , ,. -, Fig. 17.— SltuU of young salmon, membrane bones
lal Skeleton may be conveniently discussed removed ; a, auditory capsule ; b, branchial

.J. .^ 1 n 1 j_ ^1 11 f ,1 n .
arches; c, ceratohyal ;/. superior fontanelle : g,

apart from the skull, but the whole of the first glossohyal; a, hypohyal ; Im, hyomandlbular1-1,1 J. J? ..1 T 1 cartilage ; i, interhyal ; /, labial cartilages : m,
arch, and the upper part Ot the second arch, MeckeUan cartilage; n, notochord; 0, optic

become so intimately related to the skull that ptSy^ioiAfg^^qntt^lte; sTsuprl^o'rbSi^rMgl°J

it is necessary to take them into consideration 7,\l!^S!^l{%ir^ZT"'''-'
' "' *'®""" ''™'" ''

along with it. Indeed, an actual fusion gen-

erally takes place between the upper (palato-quadrate) part of the first arch, which

forms the upper jaw, and the chondrocranium, while the lower, or Meckelian, part (the

lower jaw) is hinged upon the upper part (Fig. 17.) That we have also to take into

consideration the upper part of the second arch (hyomandibulo-symplectic tract, hm,
sy) is due to the fact that it loses to a great extent its union with the lower pai-t, and

takes on in many forms the function of the suspension of the lower jaw, being on this

account styled the ' suspensorium.' But in higher forms this same tract loses that

function and becomes subservient to the organ of hearing in a way to be afterwards

described.

The stage of development of the salmon's skull represented in Fig. 17 affords a

good idea of the cartilaginous substratum in and on which the future osseous struc-

ture is erected. To understand how this is effected, it is necessary to recall some

points which have been referred to above, as to the development of bones in the

skin. The sturgeon's skull is completely cartilaginous, but is covered on the outside

by a series of bony plates formed in the skin, chiefly by the fusion of the cement

plates of originally separate teeth ; these are cement bones, and they afterwards play

a very important part in filling up gaps or fontanelles in the chondrocranium, and in

strengthening it from the outside. Cement bones are not confined to the free surface



16 NATURAL HISTORY OF VERTEBRATES.

Fig. 18. — Head of sturgeon,
sho"wing the membrane bones
CDVei'iiig the (dotted) chondro-
craniuui.

of the head ; they likewise occur in the cavity of the mouth, where the teeth more

usually persist than on the free surface of the head. It is to be noted that, just as in

the case of the scales of many fishes, the cement plates may remain, although the teeth

(their raison d'Stre) have disappeared, so that cement bones

are found on the skull and in the cavity of the mouth, with-

out a trace of teeth.

Such cement bones are also spoken of as dermal bones,

or investing bones, from their relation to the skin, or to the

underlying skull respectively ; but it is also usual to speak of

another category of bones as dermal, which have an entirely

different origin from the above, and which, indeed, are de-

veloped forth* protection of the neuromastic canals referred

to before. Such neuromastic bones are not confined to the

aquatic vertebrates, but retain their relationship to the skull

in air-breathing forms, although their original function has

disappeared.

The cement bones and neuromastic bones are something

superadded to the cartilaginous skull, and we shall find that

they are not confined to the skull proper, but extend to those

modified visceral arches which, roughly speaking, give rise to

the jaws. But certain bones originate in closer relationship

to the cartilage ; they may first appear in the centre of cer-

tain cartilaginous tracts, and gradually replace the cartilage

centrifugally, or they may appear in the membrane which

clothes the cartilage (the perichondrium), and, eating into it, as it were, replace it

centripetally. These are generally spoken of as ' cartilage bones,' as distinguished from

the ' membrane ' bones of the foregoing paragraph ; but it is impossible to draw a very

sharp distinction between them, for a bone which originates round a neuromastic canal,

for example, may eat likewise centripetally into the underlying cartilage.

Again it may be impossible, except in the cavity of the mouth, to distinguish

between the limits of neuromastic and cement bones; for two bones originating in

these two different manners may fuse. It will therefore be sufiicient to indicate the

chief places where the chondrocranium and the cartilages of the jaws are replaced by

the 'cartilage' bones, and where they are invested on the outside by 'membrane'
bones.

It has been remarked above that a demarcation of the skull into regions is effected

by the sense organs, but these regions are not ' segments.' So also the points of escape

of the cranial nerves give valuable landmarks in the study of the skull, but neither do

these mark off segments ; for although many of them, as we shall see, are comparable

to spinal nerves, yet they have lost the primitive segmental arrangement which the

spinal nerves have retained.

In discussing the bony framework of the skull, it will be convenient to take the

brain-box first, and the jaws afterwards. The occipital region generally exhibits four

bones surrounding the foramen magnum or aperture through which the brain commu-
nicates with the spinal cord. These are the basioccipital below, the supraoccipital

above, and the two exoccipitals, one at either side (Fig. 19), but the latter may alone

appear in this region, as in the frog, the rest of the region remaining cartilaginous.

The bones of the auditory region are more numerous ; their limits are generally detectable
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Fig. 19.— Base of cranium of
an embrjro chick ; c, condyle;
eo, exoccipital;/, frontal; hs,
horizontal, and p.i, posterior
semicircular canals; p, parie-
tal ; 5, sphenotic process ; so^

supraoccipital; $(/,squamosal.

in lower forms, but in the adults of higher forms they fuse on each side into one mass, the

petrosal bone, as do the four occipital elements into the occipital bone. The three most

commonly occurring elements are the prootic in the fore-part of the ear-capsule, the

epiotic above, and the opisthotic behind, but certain additional elements are found

forming part of the wall of the ear-capsule as well as the

socket for the suspensorium in Teleosts, the sphenotic (post

frontal) and pterotic. These bones may be partly dermal in

tlieir origin ; the latter being intimately connected with a

dermal bone, the squamosal.

In the cartilage of the base of the skull, between and in

front of the auditory capsules, one or two bones appear, con-

tinuing forward the basioccipital ; these are called the basi-

and pre-sphenoids. In the same relation to these that the

exoccipitals have to the basioccipital are the ali- and orbito-

sphenoids, which form part of the lateral wall of the cranium

in the orbital region. But there is no ossification in the

roof of the chondrocranium, here comparable to the supra-

occipital, and, indeed, in many forms the basal elements persist only as cartilage.

In many forms, as birds, the cranial cavity is very much compressed from side to

side in the orbital region. The result is a mere thin partition between the orbits—
the interorbital septum— in which the sphenoidal elements are to be sought. But the

olfactory region is either entirely in front of the cranial cavity, or two tubular prolonga-

tions of the latter convey forwards the olfactory tracts to the neuro-epithelium to which

they are destined. A nasal septum, derived from the coalesced trabeculae, sepai-ates the

olfactory organs of the two sides, and is continuous with lateral plates protecting the

organs. If ossifications appear in these septal and lateral cartilages, they are termed

mesethmoid, and lateral ethmoids. When the surface on which the nasal mucous mem-

brane is distributed becomes

very complex, as it does in

mammals, special ingrowths

of the olfactory capsule ossify

as tnrbinal bones.

Related to the roof of the

chondrocranium are mem-
brane bones which, when the

cartilaginous box becomes

insufficient in size to accom-

modate the brain, fill up the

gaps, and become thus di-

rectly related to the brain.

These are known as parietals,

squamosals, frentals, p r e -

frontals, and nasals (Fig. 20).

Similarly related to the ventral face of the chondrocranium are the vomer in front, and

parasphenoid behind, retaining in many instances the teeth to which they owe then-

origin. All of these membrane bones persist in the higher classes of vertebrates, some

of them, such as the parasphenoid, losing, while others, like the frontals and parietals,

gain in importance. But we may observe in the Teleosts many membrane bones

VOL. III. — 2

FlO. 20.— Skull of young sage-cook {Cenirocercus); an, angular ;
ar, articu-

lar ; as, alisphenold ; d, dentary; e, exoccipital
; /, frontal ; im, preiuax-

illary; ?, jugal ; me, mesethmoid ; mx, maxillary ; n, nasal
; p, parietal

;

jD/, palatine
; i)f, pterygoid ; g, quadrate; gj, quadrato-jugal ; s, supra-

occipital ; san, surangular ; sg, squamosal.
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which disappear with the loss of the system of neuromastic canals. Such are, e. g.,

the bones which surround the eye in most forms, and serve to protect the infraorbital

branch of the neuromastic canal system.

It is now time to devote some attention to the cartilages of the jaws and their

products. The first arch early shows a division into two parts, the upper palato-quad-

rate, the lower mandibular. Between the two, the quadrato-mandibular articulation

is formed. The cartilages immediately entering into this joint are usually ossified as

quadrate above and articular below, but the fate of the remainder of the cartilages is

very different in different grouiDS. As many as five different ossifications in addition

to the articular may unite to form what we call the mandible or lower jaw. Some of

these may be cartilage bones, some membrane, and the greater part of the cartilage

may persist in some lower forms as the ' Meckelian ' cartilage surrounded by these

membrane bones. Of these the chief is certainly the dentary, the origin of which

from teeth is at once apparent, while others again, such as the coronoid and angular,

are developed in response to muscular strains. It is only in the fishes that the upper

part of this arch is so independent of the skull (Fig. 21). Generally the elements devel-

oped from it are connected with the proper cranial bones so intimately that they con-

tribute largely to the formation of the floor and side walls of the skull. In addition to

the quadrate, certain cartilage elements known as pterygoids and palatines appear in

this arch, and other membrane bones, chiefly of the category of cement bones, are

developed upon it. The latter are known as premaxillary, maxillary, jugal, and

quadratojugal. But the distinction between membrane and cartilage bones is here

again difllcult to maintain, for a palatine may be in part of cartilaginous origin and in

part a cement bone. The arrangement of the bones developed from the palato-quadrate

ai'ch is highly characteristic of the different gi'oups of vertebrates. Frequently two

distinct rows of bones are formed leading from the maxillary to the quadrate (Fig. 20),

the outer row including the jugal and quadrato-jugal, while the inner row is formed of

the palatine and pterygoid. Again, a transpalatine may connect the two rows in

many reptiles. The reason of the greater development of the i:)alatine and pterygoid

bones, in many higher forms, such as turtles and crocodiles, is to be sought for in the

separation of a nasal cavity from the primitive mouth cavity. Such a compartment of

the mouth cavity does not exist in fishes ; its formation is brought about by the devel-

opment of a partition, the palate, which shuts off a greater or less portion of the mouth
cavity as the nasal cavity. This partition may in part be destitute of an osseous

framework. It is then called the soft palate ; while the hard palate is formed by shelves

developed from the premaxillary and maxillary bones, with the assistance of the palatines

and pterygoids. The latter in mammals rarely contribute much to the formation of the

hard palate, being generally attached to the sphenoid bone as pterygoid processes.

It is obvious from the above sketch, that many of the peculiarities of the skulls in

the various groups of vertebrates are traceable to the differing modifications of the
palato-quadrate arch. This is true of the relationship of the quadrate to the neigh-

boring bones. Sometimes it is very independent of the rest of the skull, as in snakes
and birds (Fig. 22) ; sometimes it is wedged firmly in with the neighboring bones, as

in turtles and crocodiles.

In all Amphibia, Reptilia, and Aves, the suspension of the lower jaw is not effected,

as in fishes, by the aid of the following arch, but the quadrate alone articulates with
the mandible. "We shall consider presently the nature of the articulation of the lower
jaw in mammals.
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Fig. 22.— Skull of snake (Tropidonotus) ; an,
angular ; «o, antorbital ; ar, articular ; d,
dentary ; eo, exoccipital

; /, frontal ; p,
parietal

;
pi, palatine

; pm, premaxlUary;
pr, prootic

;
pt, pterygoid; q, quadrate; sa,

surangular ; sh, styloliyoid ; so, supraoccip-
ital ; sq, squamosal.

It has been mentioned above that the upper part of the second or Iiyoid arch

possesses the function in many fishes of supporting partly or entirely the man-
dible. Such skulls have been called liyostylic, in contradistinction to those auto-

stylic skulls, where the quadrate alone performs

this duty. The hyoid suspensorium, when present

as such, maybe a single stout bar, as in the sharks,

or may be divided into two pieces, an upper hyo-

mandibular and lower symplectic, which ossify sep-

arately. Connected with the interval between

these is the lower part of the hyoid arch, by a

bony or cartilaginous bar, the interhyal (Fig. 17).

In those fishes where a gill-cover is developed

(Ganoids and Teleosts) the skeleton of the gill-

cover is very intimately related to the hyoman-

dlbular. Generally four bones are present in it,

the preopercular, opercular, subopercular, and the

interopercular ; the first of these is developed

round a neuroinastic canal, while the others ap-

pear to be similar to the branchiostegal rays

which support the membranous fold developed

from the lower part of the hyoid ai-ch, and assist-

ing in the protection of the gills (Fig. 21).

The gill-cover is absent in the Amphibia and higher classes, and the mandible is

suspended by the quadrate, but we have still to look for the homologue of the hyoid

suspensorium, which is now to be found as a chain of bones more or less numerous, now
Bubsei"vieut to hearing, and effecting communication between the membrane of the

drum of the ear and the internal ear. This chain is the columella auris, which exhib-

its much difference in its form in the amphibians, reptiles, and birds. Some doubt is

entertained by morphologists as to the homology of the chain of bones which perform

the same function in mammals, and this doubt extends to the nature of the articula-

tion of the lower jaw in that group. Unlike the lower classes,

where the mandible is articulated with an independent quad-

rate, the mammals have the socket for the lower jaw on a bone

of very complex nature, the ' temporal ' bone. This bone not

only contains all the bones of the auditory capsule, but also a

tympanic developed in connection with the drum of the ear

;

the squamosa], which is separate in the lower forms, and a

' zygomatic ' process of that part the root of which bears the

glenoid socket for the mandible (Fig. 23). It has recently been

asserted that the malar bone of mammals is likewise of complex

nature, representing the postfrontal, jugal, and quadrato-jugal

of reptiles ; further that the zygomatic process of the squamosal

with which it articulates is nothing else than the quadrate of

the lower classes; if so, the articulation of the lower jaw is

the same in mammals as in lower forms, and this view derives

support, according to Professor Cope, from the condition of aifairs in the thero-

morphous reptiles. On the other hand it has generally been believed that the

quadrate is represented in mammals by the malleus, one of tlie chain of bones in the

Fig. 23.— Auditory region
of human fcetus; i, incus;
I, lower jaw; m, processus
gracilis of the malleus
joining the Meckeliaii
cartilage of the lower
jaw ; ml, malleus ; s,

stapes, within the tym-
panic ring; z, zygomatic
arch of temporal bone,
bearing the glenoid fossa.
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drum of the ear, and that the otlier bones in the chain, the incus, orbiculare, and

stapes, represent the columella auris of the reptiles. Although this is still a moot

point in morphology, the former account is certainly that which offers fewest difficul-

ties to the evolutionist. Such complex bones as are referred to above are no excep-

tion in the higher vertebrates. The tendency to the fusion of originally sejjarate

elements is very marked in birds, where, indeed, all the walls of the cranial cavity

early form a continuous mass in which it is impossible to detect the separate elements.

Only the bones of the face retain a certain amount of independence. Again in mam-

mals we frequently find all of the sphenoidal elements united into a sphenoid bone,

just as the separate occipital elements, together with the interparietal, form the com-

plex occipital bone.

The greatest contrast is to be observed within the different groups, as to the

relative size of that part of the skull which comes into relation to the brain (the

cranium), and the part which lies in front of it— the face. This is perhaps as well

seen in the Mammalia as elsewhere, owing chiefly to the enormous development of the

turbinal surfaces 'clothed by the nasal mucous membrane, and the consequent large

size of the olfactory region of the skull.

In the above account of the vertebrate skull, the object has been to indicate the

nature and arrangement of its component elements. The peculiarities of each group

will be discussed under the special description of each.

The Visceral Skeleton.

This term is applied to the series of arches which intervene between the gill-clefts.

The first cleft is styled hyomandibulnr, because it lies between the hyoid arch

behind, and the palato-mandibular arch in front. The second cleft is the first branchial,

and it separates the hyoid

arch from the first branch-

ial arch. We have already

considered the whole of the

first arch and the upper

part of the second ; there

remain for treatment the

lower part of the second

and the various branchial

arches proper. It will be

observed that visceral arch

is a term applicable to all

of these structures, while

branchial arch is confined

to the third and succeeding

visceral arches, even although in some fishes both mandibular and hyoid arch, in spite

of their specialization, have not entirely lost their gill-bearing function.

It is to.the aquatic vertebrates that we must look for the full development of these

structures. With the loss of gills in air-breathing forms, all of the branchial arches

disappear except the first, and this generally is much reduced in size.

The lower portion of the hyoid arch is generally more subdivided in fishes than

the corresponding segments of the succeeding arches, but a fundamental similarity is

nevertheless observable. Thus certain basal elements or copulis unite the ventral

Fig. 24.— Skull and visceral arches of a dog-flsh ; a, auditory capsule ; bb,

basibranchial ; c, ceratohyal ; eb, ceratobranchial ; c, epiTjranchial ; e&,

extrabrancMal ; 7»«, hyomaudibular ; m, lower jaw , mpf metapterygoid
ligament ; n, nasal capsule

; (7, pterygo-quadrate arcade
; pb, pharyngo-

l)rancbial ; pn, prenasal cartilage ; s, supraorbital ridge ; sp^ spiracle
;

t, palato-trabecular ligament ; v, trigeminal foramen ; 1, 2, 3, 4, 5, labial
cartilages.
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Fig. 25. — Lower jaw and liyoid arch of salmon ; an, angular ; ar,
articular ; bb, basibranclilostegal ; &r, branchiostegai rays ; c, cera-
tohyal ; d, dentary ; e, epicersLtohyal ; g^ glossohyal ; A, liypohyal

;

i, internyal
; q, quudrate ; s, symplectic.

ends of the visceral arches ; the first of these is the basihyal, while the succeeding are

styled basibi-anchials. In most forms the basihyal attains greater importance from its

supporting the tongue, into which it sends forwards an entoglossal or glossohyal pro-

cess. It is to this relationship to

the tongue, that the hyoid arch

owes its name, and its persistence

throughout the higher forms.

The lower part of the arch

retains its connection, with the

upper part, in fishes, by means

of an interhyal piece, between

which and the basihyal are gen-

erally found epiceratoliyal, cera-

tohyal, and hypohyal pieces (Fig.

25). In the higher forms, where

the upper part of the arch has become subservient to the auditory organ, the lower

part is attached to the auditory region of the skull by a tym-

panohyal, between which and the basihyal the following ossifi-

cations may occur: stylohyal, epihyal, ceratohyal; but some
or all of these may remain unossified. When present they

are known as the anterior cornua of the hyoid bone (Fig. 26).

The posterior cornua of the hyoid are the remains of the first

branchial arches, and may enter into important relations with the

larynx.

The basibranchials are rarely independently represented, ex-

cept in fishes, where, however, they are frequently coalesced.

In the arches themselves, the following separate pieces are gen-

erally present (Fig. 24) : hypobranchials, ceratobranchial, epi-

branchials and pharyngobranchials, the latter being loosely at- rre. 26.— Hyoid appara-

tached to the ventral face of the skull, and generally canwiug ceratobranchial; c, first

, , ^ , ., , . , , basibranohial : e, cera-
superior pharyngeal cement bones on them, which are covered tohyai ; h, second basi-

with teeth. In most bony fishes the fifth arch supports no gill, oWaj!
'^

' ^' ^'" ™""

but bears on the surface, turned towards the mouth, considerable dentigerous cement
plates— the inferior pharyngeal bones.

The Skeleton of the Limes.

Two systems of locomotor appendages are distinguished in the vertebrates— a

median unpaired system confined to the fishes and aquatic amphibians, and the two
paired anterior and posterior appendages, typical of the whole branch. In certain

primitive forms the median unpaired fin may be an almost continuous fold occupying the

dorsal and ventral middle line, but the tendency is towards its restriction to certain tracts

which will be treated of in detail in the special description of the fishes. In this

class alone is the fold supported by fin-rays; these in their turn rest on bones,

which are either wedged in between the spines of the vertebral column (hence inter-

spinous bones), or are continuous with these and thus answer to the segmentation of

the body. They may be present although the corresponding tract of unpaired fin has

disappeared.

According to the most prevalent theory the paired fins have become developed by
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similar restriction of primitively continuous right and left lateral folds to two tracts,

an anterior and posterior on either side. These tracts, which are in their most primi-

tive condition in certain sharks, have given rise to the paired fins of other fishes, and to

the anterior and posterior extremities of the higher vertebrates. Like the unpaired

fins they are supported by fin-rays (actinosts) and supporting bones (actinophores), but

the latter do not enter into direct union with the vertebral column, although it is prob-

able that they have a metameric significance here as well as there. The actino-

phores of both anterior and posterior fins acquire independent supports, which in

the sharks are merely two unsegmented arches of cartilage whose convexities lie on

the ventral surface of the body, but which give rise to the pectoral and pelvic

arches of higher vertebrates.

It is comparatively easy to understand how the skeleton of the anterior and pos-

terior fins of a shark-like form might be converted into that of a bony fish, but it is

somewhat more difficult to understand how the limb skeleton of the higher vertebrate

is comparable therewith. Nevertheless the condition in the shark forms the best start-

ing point for the discussion of the paired limbs

of the vertebrate branch. What this is may be

seen from Fig. 27. The cartilaginous pectoral

arch is composed of a right and left half inti-

mately united in the ventral middle line. Half

way up, three basal cartilages are attached to it

on either side, supporting the cartilaginous rays,

which again run out into the finer thread-like

rays of the fin. The basal cartilages are known

as pro-, meso-, and meta-pterygium, but it is

to be noted that the propterygium is seconda-

rily dorsal, not anterior, while the metaptery-

gium is ventral, not posterior in position. This

implies a rotation of the anterior edge of the

fin through an angle of 90°. Most of the rays are attached to the metapterygium,

very few being on its ventral (primitively posterior) edge. The pro- and meso-ptery-

gium may be regarded as rays which have lost their attachment to the metaptery-

gium, and have acquired new importance by attaching themselves directly to the

pectoral arch, while the metapterygium forms the principal axis, giving origin to

rays which are chiefly attached to its anterior border. The posterior fins of the

sharks are essentially constructed on the same type as the anterior, although they

are decidedly less altered from the primitive condition.

In respect of the structure of the limbs as well as in other anatomical features,

the sturgeons are intermediate between the sharks and the bony fishes. The latter are

characterized by the reduction of the parts corresponding to the above described car-

tilages, which results from superficial bones developed in the skin, having largely

usurped the function of these. This remark is especially applicable to the pectoral

arch,, the investing bones of which (developed in part round that portion of the neuro-

mastic tract which ascends from the lateral line to the head) constitute the great bulk

of the shoulder-girdle in these forms.

It is very much otherwise in the higher vertebrates. In these the primary cartila-

ginous structures persist as the pectoral and pelvic girdles, which we may now shortly

consider in the turtles, whose limbs retain many primitive features, as a convenient

Fio. 27. — Pectoral girdle of a shark t^Scyllium)
;

cr, coracoid ; ma, mesopterygium ; mt^ me-
tapterygium ; p, protopterygium ; r, radial car-
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Fig. 28.—Halt of pectoral girdle of turtle ; c, coracoid

;

clavicle ; e, epiooracoid
; y, glenoid fossa ; s, scapula.

cl.

Starting point. In all of the higher forms we no longer meet with an undivided arch,

but the point of attachment of the limb (glenoid fossa on the pectoral, acetabulum on
the pelvic girdle) divides the cartilage

into upper and lower regions (Figs. 28,

29). The upper is styled scapula in the

pectoral, ilium in the pelvic girdle. While

the dorsal end of the scapula is uncon-

nected with the vertebral column, the

ilium acquires such a connection by the

intervention of one or more pairs of sac-

ral ribs. Although the number of sacral

vertebrae so formed is primarily small,

the ilium may coalesce with vertebrae in

front of and behind them, in such a way
as to secure a great amount of solidity in

this region, as is the case with the birds.

The region of cartilage below the attacli-

meiit of the limb generally ossifies in

two pieces, an anterior and posterior,

between which in all forms, except Am-
phibia, a fenestra occurs. In the pec-

toral girdle, the bone in front of the fenestra is termed precoracoid or clavicle, that

behind it, the coracoid ; and these elements correspond respectively to the pubis and

ischium of the pelvic girdle, which are similarly related to the fenestra there. Con-

necting the elements of either side in

the middle line, we find in many forms

strips of cartilage (epicoracoid, sym-

physial) which may project in front

into cartilaginous or osseous processes,

styled respectively episternum and

epipubis. The term episternum is

suggested by the fact that in some

Amphibia as well as in other reptiles

and in birds, although not turtles, the

coracoids acquire a secondary connec-

tion with the sternum, which persists

in the monotremes, the mammals
which are nearest the reptiles in their

organization.

The condition of these parts in the

other I'eptiles and Amphibia will be

readily understood from the foregoing

description, but some reference is nec-

essary to the modifications characteris-

tic of birds and mammals.

The pectoral arch in birds is characterized

element, and the slenderness of the clavicular.

Pig, Pelvis of turtle ; a, acetabulum

;

ilium ; is, ischium : pt, pectineal process ;

sacral ribs ; 8V, sacral vertebrae.

epipubis
;

pu, pubis

;

by the stoutness of the coracoid

The latter is developed partly

in membrane, and the clavicles of opposite sides meet in the ventral, middle line.
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Fig. 30. — Peitoral girdle of embryo bird;
cl, clavicle ; cr, coracoid; gl^ glenoid fossa;

5, sternal ribs; sc, scapula; sf, sternum ; v,

vertebral ribs.

forming the so-ealled furcula, 'wish-bone,' or 'merry-thought.' This is generally

bound to the crest of the sternum, a part of the bone which is largely episternal in

its nature. In mammals, on the other hand, the

coracoid is, except in the raonotremes, merely a

hook-like process of the scapula; the latter usually

develops a ridge or 'spine' for muscular attacli-

ment, terminating in an acromion process, to whicli

the dorsal end of the clavicle is attached, while

the ventral end of each clavicle is attached to the

sternum by means of the intervention of more or

less important remnants of the episternum (Fig.

15). Near these, remnants of the epicoracoid also

persist, especially in the monotremes where the

episternum is of large size, and forms a T-shaped

'interclavicular' support for the clavicles. We
have referred above to one of the chief peculiarities of the pelvis in birds, the forward

and backward extension of the ilia and their fusion with the long sacrum. Tlie ventral

region also offers many peculiarities, the chief of these being the backwai-d direction

of the pubis, and the wide separation of the ischia. There is consequently no symph3sis

or epipubis in these forms. Certain fossil Dinosauria have a double pubis, the anterior

branch of which appears to be comparable to the pubis of other reptiles, while the pos-

terior branch is homologous with the pubis of birds, in which the anterior branch is

merely represented by a ' pectineal ' process of the pubis. It is fairly certain that the

pubis in mammals is likewise comparable to the posterior and not to the anterior branch

of the dinosaur pubis, and it is possible that the so-called marsupial bones, well devel-

oped in monotremes and marsupials, and present rudimentarily in some higher mam-
mals, may be comparable to the anterior branches, and not to the epipubis of other

reptiles.

In adult mammals the three elements of the pelvis unite to form an innominate

bone, both the ventral elements of which unite in a symphysis in the lower forms,

while in the higher forms the pubes alone do so.

If the anterior and posterior extremities of a snapping turtle be compared, many
points of agreement will be readily detected. Each is divisible into three regions,

supported by similar bones. Thus in the jiroxim.nl region we have the humerus of

the anterior extremity

represented by the fe-

mur of the posterior;

in the middle region

the radius and ulna of

the one represented

by the tibia and fibula

of the other ; and in the

distal region the skele-

ton of the ' manus,' or

All of the vertebrates

Fig. 31. — Fore limb of turtle ; c, centralia ; ca ^— b, carpals ; ft, humerus ; t,

intermedium; wic i— ^, metacarpals; r, radius; r' radiale; u, ulna; u'—''

ulnare ;
/— VI, digits, the sixth imperfect.

hand, containing similar bones to that of the ' pes ' or foot,

except the fishes are characterized by similarly arranged limb skeletons.

A close inspection of the manus discloses two rows of small bones succeeding the

radius and ulna. These are the proximal and distal carpals, of which nine or ten at
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most are present throughout the vertebrate series, hut generally a less number, by rea-

son either of the fusion of separate elements, or of the loss of such. In the proximal row

we find first an ' intermedium ' wedged in between the radius and ulna, then a 'radiale

'

and an ' ulnare ' corresponding to the ends of these bones, and separated by one or

two ' centralia.' In the next row are five distal carpals, numbered 1 to 5, from the

radial to the ulnar side, and corresponding to the separate digits. The skeleton of

each of these is formed of a metacarpal followed by a row of phalanges.

The nomenclature of the corresponding j)arts in the posterior extremity differs but

little from the above. Here also we have an intermedium, then a tibiale, fibulare, one

or two centralia, and finally five distal tarsals, followed by the metatarsals and pha^

langes of the toes. From the Amphibia upwards to the Mammalia the structure of

the limb skeleton forms one of the most interesting chapters in comparative anatomy.

It is impossible within the bounds of the present introduction even to outline the

remarkable modifications to which it is subject. Sufiice it to say that these are always

in direct response to the nature of the use to which the limb is put, and consist either

in the great development of certain elements in compai-ison with others, in the fusion

of primitively separate elements, in the loss of such, or in all three combined.

Instead of the terms described above for the carpals and tarsals, others derived

from human anatomy are frequently employed, especially in the group of the Mam-
malia. The subjoined table exhibits how these coi-respond.

POSTEBIOR EXTKBMITY.

Tibiale Sesamoid

Anterior Extremity.
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phibians to show that the radius itself is not part of the principal axis, but a secondary

axis developed beside it in response, perhaps, to terrestrial locomotion.

THE MUSCULAR SYSTEM.

Muscular tissue is characterized by the property of contractility, which may be

evoked by a stimulus applied directly to the muscular fibres, or conveyed to them

through the channel of nerve fibres. In the latter case the stimulus may be trans-

mitted consciously by the will, or it may be entirely involuntary. A large proportion

of the muscular tissue which is not directly under the control of the will differs from

that which is, in being histologically simpler, and in replying less quickly to a stimu-

lus. A rough distinction of voluntary and involuntary muscles is thus made, the

latter being exemplified by the minute muscles in the skin which erect the hairs, etc.,

and by the greater masses of tissue which effect the propulsion of the food along the

alimentary canal, and of the blood through the vessels.

The muscles which we discuss under this heading, however, ai-e those that are con-

nected directly or indirectly with skeletal parts, and which bring about change of

relative position of these. They constitute the flesh or musculature of the body, and

are of course chiefly employed in locomotion and prehension. It is only comparatively

recently that much attention has been given to this branch of anatomy— Myology, as

it is called— but it is obvious, from what has been said above, that the most intimate

connection exists between this study and the study of the bones to which the muscles

are attached, as well as of the motor nerves which end in the muscles.

Reference has already been made to the fact that the muscular system partakes in

the segmentation of the body. This can be seen in its most unaltered condition in a

fish (Fig. 10), where the flesh is divided up into muscle-flakes or segments (myotomes)

separated by membranous partitions or septa (myocoinmata). When the latter are

dissolved by boiling, the flesh readily separates into the flakes, the surfaces of which are

often much curved, so that several different flakes appear in the same fi-ontal plane (Fig.

11). In addition to these flakes which constitute the musculature of the trunk, there

are other muscles also segmentally arranged in connection with the unpaired fins, but

it is not so easy to detect a segmental arrangement in the muscles which perform the

more complicated movements of the jaws, the gill-skeleton, and the paired fins.

With the change to terrestrial life, the paired limbs, taking on the function of the

support of the body, become more complicated in their skeletal parts, and conse-

quently also in the muscles destined for their movements. How multifarious these

movements are can only be realized by reflecting on the extremely different uses

to which the paired limbs are put, in prehension and locomotion. The various kinds

of the latter, whether terrestrial, arboreal, aerial, or aquatic, are accompanied by cor-

responding modifications of the musculature. It is possible, nevertheless, to detect

homologies by careful study of the nerve supply, as well as of the points of attach-

ment (origin and insertion) to the bones. The latter feature is that which ought to

determine the nomenclature of muscles, although general terms expressing action,

such as abduction, adduction, flexion, and extension are convenient and in frequent use,

and are sometimes, indeed, modified so as to designate the asjject of a limb on which

particular groups of muscles are situated. Thus the biceps muscle occupies the
' flexor ' surface of the arm.

The only guide as to the origin of the limb-muscles from particular segments of
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the body is to be found in the origin of the motor nerves which supply them.

These are, however, interwoven in a very complex manner (forming the brachial

and sacral plexuses of spinal nerves) before they are distributed to the muscles

of the fore and hind limbs. It is somewhat easier to detect segmental arrange-

ment in the muscles of the trunk of higher vertebrates. They are no longer simply

disposed in myotomes, but are differentiated into groups and layers capable of

effecting more complex movements; and this differentiation is of course greatest

in those regions— such as the neck— where the most complex movements are neces-

sary. The muscles are not confined to the outer surface of the skeleton^ but cer-

tain very important muscles are attached to the ventral aspect of the vertebral

column. To this system belongs the diaphragm, a muscular partition, complete

only in mammals, dividing off the, chamber containing the heart and lungs fi-om

that containing the rest of the viscera.

Although the branchial skeleton largely disappears from the higher forms, yet it

cannot be said that the musculature of the head becomes simpler in these, for the

development of a tongue is accompanied by a corresponding development of the mus-

cles attached to the hyoid bone— the representative of the branchial skeleton of the

lower forms. Tlie muscles of the jaws belong naturally to the same, series of those

of the rest of the visceral skeleton, but are specialized in the same degree as the bony

framework to which they are attached.

"While a considerable part of the trunk muscles on the dorsal aspect are derived

from the conversion of part of the walls of the mesoblastio somites— the muscle-

plates, the muscles of the lateral and ventral regions are derived from the lateral

plates of the embryo. In the head, on the other hand, some of the mesoblastic

somites give rise to no muscular structures at all, while others (the thi-ee foremost) give

rise only to the small muscles which move the eyeball. The greater part of the mus-

culature of the head is thus derived from the parts corresponding to the lateral plates

in the trunk.

In addition to the fibres of involuntary muscles which are present in the skin,

there are present in higher forms muscles which, arising generally from deeper parts,

are attached to the skin, and have the function of moving it. Such are the muscles

of expression of mammals, as well as larger sheets which may extend over consider-

able tracts of the body. The spines of the porcupine are erected by such muscles,

which are also those employed by the mammals generally in shaking the coat.

THE NERVOUS SYSTEM.

Three constituent portions may be distinguished— the centi-al nervous system, the

peripheral nervous system and the connecting nerves. The last serve merely to trans-

mit outwards or inwards (centrifugally or centripetally) messages between the central

and peripheral systems. The latter is composed of the end organs of the centrifugal

and centripetal nerves. We have already considered some end organs of the centripe-

tal nerves— the lower sense-organs of the skin— and we shall describe the higher

sense-organs at the close of this chapter. The ends of the centrifugal nerves are in

the muscles, whether of the body, intestine, or blood-vessels, and likewise in the vari-

ous glands, which are thus excited to secretion.

Only nerve-fibres are met with in the nei-ves, while nerve-centres or ganglia are

characterized by the presence of nerve or ganglion cells in addition. It is customary
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to distinguish between the cerebro-spinal and the sympathetic nerve-centres, but we

shall see that the latter system is very closely connected with the former in develop-

ment, so that we have first to consider the spinal cord and brain, which together

constitute the cerebro-spinal nerve-centres, and then briefly the nerves in connection

with these organs.

In the preliminary account of the development of vertebrates, the central nervous

system was first seen in the form of a plate of modified epiblast— the medullary plate

— which then became grooved and eventually transformed into a tube, closed at both

ends. Certain dilatations and thickenings of the anterior end of the tube result in

the brain, while the spinal cord is formed by a more uniform differentiation in the rest

of its length.

A comparison of Figs. 3 and 32 will show what the nature of this differentiation

is. The cavity of the tube is represented by the now small central canal of the cord

lined by the remains of the epiblast, while the rest of the epithelium has been converted

into the white and gray nervous matter sur-

rounding the canal. The distinction of color

is diie to the presence of nerve cells m the

gray matter, which is chiefly aggregated

about the central canal, while the white

matter foiins the more superficial substance

Fig. 32.— Diagrammatic section of spinal cord of of the COrd. TwO fisSUres running along
mammal; a, anterior, p, posterior root of spin.al .

nerve ; c, canal
; g, ganglion

;
gr, gray matter ; w, the dorsal and ventral middle lines give

a marked bilateral symmetry to the cord,

which exhibits great uniformity in its thickness throughout, except where it tapers

at the tail, and where, in the higher forms, two swellings give rise to the nerves

for the anterior and posterior limbs respectively. The gray matter forms a cres-

centic outline on a transverse section of the cord, and nerve roots may be seen

to extend inwards towards the horns of the crescent. A segmented appearance

is given to the cord by the origin of the pairs of spinal nerves, and this segmen-

tation extends to the gray matter, which is more abundant in the planes of the origin

of the nerves than in the intermediate planes. The spinal nerves arise in pairs, the nei-ve

of each side originating by two roots, a dorsal and a ventral. According to what is

known as ' Bell's law,' the latter are purely motor, while the foi-mer are purely sensory

nerves, and some structural difference can also be recognized, for the dorsal roots con-

tain fine fibres and have a ganglion developed on them, while the ventral roots have

coarser fibres and no ganglion. The roots join shortly after their origin, and give

rise to mixed motor and sensory nerves, generally disposed in three branches, a dor-

sal branch to the pai'ts lying dorsad, a ventral branch to the parts lying ventrad, and

an intestinal branch to the contents of the body cavity. The last-named branch is

ganglionated, and as the various ganglia of the intestinal branches become united with

each other, a double ganglionated chain results on the ventral aspect of the vertebral

column— the sympathetic nervous system.

Much more complex are the changes which affect the anterior end of the neural

tube, and which result in the formation of the brain or encephalon. At a very early

period three dilatations appear, which are known as the three primary cerebral vesicles,

but the first and third of these soon become subdivided in such a way as to render

five regions distinguishable, which are known as the prosencephalon, thalamencepha-

lon, mesencephalon, epencephalon, metencephalon. The cavities of these regions,
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known as ventricles or coelise, communicate with each other, and with the central canal

of the spinal cord. They are distinguished as prosocoele, thalamoccele, mesocoele, epi-

coele and metaccele, and instead of being uniform in diameter, like the central canal of

the cord, differ very much from

each other in configuration. The
same is true of the walls of these

various cavities, the growth in

thickness of which is by no

means uniform, so that the floor

of such a cavity may be very

thick, while its roof is extremely

thin. So also the five regions do

not ultimately retain an approxi-

mately equal size, but one or

other becomes developed in ex-

cess of the others, so as to over-

lap them. Another modifying

factor in determining the shape

of the brain is the marked bend

in the head of the embryo, which

brings the mesencephalon to oc-

cupy its extreme anterior end,

and which simultaneously short-

ens the floor of this region of the

brain.

As we regard that part of the skull in front of the notochord as different from the

hinder part, so we may distinguish the prechordal part of the brain from the hinder

epichordal part, the limit between the two being approximately that between the floor

of the thalamocoele and mesocoele.

Fig. 33.— Horizontal sections through head of young gar-pilie, .^ on a
lower, B on a higher plane ; chondrocranium dotted ; bram -with
diagonal shading ; 1 prosocoele ; 2, thalamocoele ; 3, mesocoele j 4
epicoele ; 5, metacoele.

Fig. 34.— Mesal sagittal section of gar-pike's brain. The dotted lines, 1—8, indicate the positions of
the frontal sections in Fig. 35 ; r, rhinencephalon ; jf, thin septum of prosocoele ; o, ojjtic nerve ; 2,

thalamocoele ; e, epiphysis : h, hypophysis ; 3, mesocoele (the curved dotted line indicates the
limits of its floor) ; 4, epicoele ; 5, metaccele.

Instead of a mere diagram to explain the relationship of the various regions of

the brain to each other, Figs. 33 to 35, which represent sections in different directions

through a comparatively primitive brain— that of the gar-pike— will serve as an ad-
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inirable introduction to the study of tliis complicated organ. In a horizontal section

like that shown in Fig. 33 B, the various cceliae are seen communicating with each

other, and with the central canal of the cord ; only the prosocoele (1) appears in this

plane, shut off and divided into two separate cavities, the walls of which are the

' cerebral hemispheres.' It will be observed, however, from Figs. 33 A, and 35, 2, that

the prosocoele really does communicate with the thalamocoele behind, and that the

thin double septum which dips down into it is only partial. It is further instructive

to notice that only the lateral walls and the floor of the cavity are thick ; both roof

and septum are very thin, and between the folds of the latter a thin sheet dips down

from the vascular membrane {pia mater) which everywhere closely surrounds the

brain, and transforms the septum into a nutritive organ for this part of the brain,

known as a choroid plexus. Such thin places in the walls of the coeliiB are of great in-

terest and importance, because, although thin in one animal, they may be extremely

thick in another. Thus the roof of the prosocoele in man forms the greater part of

the bulk of his brain'. From Fig. 33 A it will be noticed that the prosencephalon gives

off anteriorly two lobes, the olfactory lobes or rhinencephala, which are almost solid

(Fig. 35), except for two cavities, the rhinocoeles, which open into the prosocoele

behind. Occasionally the rhinencephala are separated from the prosencephalon by long

olfactory tracts, but generally they lie quite close to the brain.

From a study of these horizontal sections one would conclude that the walls of the

thalamocoele are almost entirely thin, but that such is not the case an examination of

Fig. 35, 4, and Fig. 34, will demonstrate. The former figure passes through the origin

of the optic nerve from the thick walls of the thalamocoele (the optic thalami), and

also through two thick cushions in the roof {liabenular ganglia) which are situated on

either side of a tubular process which here projects upwards from the cavity. The
latter, the ' epiphysis,' or pineal body, can be best seen in the mesal sagittal section

(Fig. 34), which is further well calculated to show that the planes separating the

regions of the brain need by no means be frontal. Those between the thalamenceph-

alon here and the regions in front and behind it are directed from above and in front,

downwards and backwards, so that sections 3 and 5 (Fig. 35), cut through parts of the

thalamencephalon as well as the pros- and mes-encephalon respectively. This over-

lapping is perhaps more marked ventrally, where the thalamocoele runs back into a

long 'infundibulum,' connected with the ventral wall of which is the ' hypophysis

'

or pituitary body. Both epiphysis and hypophysis appear to be functionless oigans

in adult vertebrates; their morphological significance we shall return to afterwards.

It was noted above that the roof of the mesocoele (3) becomes considerably devel-

oped owing to the cejihalic flexure. This development persists even after the straight-

ening out of the flexure, so that very little of the mesencej)halon shows upon the base

of the brain. The roof, however, may overlap the region in front and behind (Fig.

35, 6), giving rise to the prominences known as optic lobes (corpora bi- or quadri-gemina)

tliroughout the vertebrate series.

Behind the mesencephalon the floor of the brain is remarkably uniform, and gives

origin to most of the cranial nerves, but the roof is thickened in front into the ' cere-

bellum ' (Fig. 35, 7), while it is thin further back (Fig. 35, 8). The difference in the roof

renders it desirable to distinguish between an anterior epencephalon and a posterior

metencephalon ; the cavities of which epi- and meta-coeles, 4 and 5, freely communicate
with each other. In mammals the cerebellum develops important lateral lobes which are

connected with each other by a bridge-like commissure of nerve-fibres (the pons Varo-
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lii), on the corresponding part of the hrain-floor ; this structure, when present, marks
off also the floor of the epencephalon (pons) from that of the metencephalon (medulla

oblongata), but the latter name is frequently employed for the floor of both regions in

the absence of the pons.

The regions of the brain named above are as little ' segmental ' in their nature as

the regions of the skull already described. It is possible that all of the brain in front

of the notochord (that is the thalam- and pros-encephalon) is merely an outgrowth

of the epichordal part, and that consequently any trace of segmentation ought to be

looked for in the latter. We have seen how the segmentation of the spinal cord is

expressed by the origin of the sjpinal nerves, but the cranial nerves, although they

originate in a similar manner from the neural tube, do not retain the primitive seg-

mental arrangement, but acquire new connections with each other and with the brain,

which renders the study of their segmental arrangement possible only in the embryo.

It is not known how far the olfactory and optic (first and second) nerves, which

00

Fig. 35.— 1 - 8, frontal sections of brain of young gar-pike; 9, of spinal cord, through the planes indicated in Fig. 34.

originate from the prechordal brain (Fig. 37) agree with spinal nerveSj but all the

other cranial nerves are certainly segmental. This has been determined with most
accuracy in shark-embryos, which exhibit more primitive conditions than those of

higher vertebrates. In the notochordal part of the shark's head nine mesoblastic

somites are present, the first three of which give rise to the muscles of the eye, the

last three to certain muscles connecting the skull: and shoulder-girdle, while the middle

three do not develop any muscles. The cranial nerves have certain definite relations

to these somites, which explains their distribution in the adult, but their relation-

ship to the brain is somewhat different from that of the spinal nerves to the

spinal cord. As with the spinal nerves, the ventral root is motor, but it pro-

ceeds merely to the muscles derived from the corresponding somite, not to those

from the lateral plate below. The dorsal ganglionated root, on the other hand, is

mixed, and not only contains sensory fibres, but motor fibres for the muscles derived

from the lateral plate. It alone forms dorsal and ventral branches similar to those

met with in the spinal region.

The destiny of the ventral and dorsal roots belonging to the different segments will

now be intelligible. The ventral roots of the first three, forming respectively

the third, fourth, and sixth cranial nerves, are distributed to the muscles of the eye,

the ventral roots of the last three coalesce to form a nerve (known as the hypoglossus

in sharks), which goes to certain muscles of the shoulder girdle, while there are no
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ventral roots corresponding to the middle three segments. On the other hand, the

dorsal roots of the first two segments give rise to the fifth (trigeminal) nerve, of the

next two to the seventh and eighth (facial and auditory), of the fifth to the glosso-

pharyngeal (ninth) nerve, and of the remaining four to the complex vagus (tenth)

nerve. That these nerves cause no marked segmentation of the adult brain is abun-

dantly apparent from Fig. 37, which shows how they originate in the brain of a turtle.

A short reference is all that our space permits to the course of the dorsal and

ventral branches of the dorsal roots. The former appear to be chiefly distributed to

the neuromastic tracts, with the exception of the fourth, which forms the auditory

nerve (vide supra, p. 8) while the latter course down the sides of the head, and, when
they arrive at the visceral clefts, fork over these, giving a slender anterior branch in

front of the cleft, and a stouter posterior branch behind. Intestinal branches are

likewise given off, which correspond to the intestinal branches of the spinal nerves

considered before.

In higher animals two other nerves primitively connected with the spinal cord, the

spinal accessory (eleventh) and hypoglossus proper (twelfth) become associated with

the ten pairs of cranial nerves referred to above.

Such a brain as that of the gar-pike forms a type from which the brains of other

fishes and amphibians may readily be studied. In the higher classes, however, there

is an ever-increasing tendency towards the su-

premacy of two regions of the brain over the

others, viz.,— the cerebral hemispheres and the

cerebellum, — parts, it will be remembered, of

the pros- and ep-encephalon. This tendency is

not very much marked in the brain of the turtle

(Fig. 37), but the prosencephalon even here is

very much more developed than in the lower

forms. The particular way in which this has

taken place can be realized by comparing Fig.

36, which represents a horizontal section through

the anterior end of the turtle's brain, with the

representation of a similar section through the

gar-pike's brain (Fig. 33). It will be observed

that paired outgrowths are present from the pros-

encephalon in the latter, but the median walls

and the roofs of these remain very thin, while in

the turtle they are nearly as thick as the rest of

the wall of the prosocoele. The lateral outgrowths

in the turtle preponderate over the central un-

divided part, and they grow back beyond the latter

so as to overlap even the mesencephalon. The
ventricles or cavities of these lateral outgrowths

remain in communication by wide ' foramina of Monro,' with the central part of the

prosocoele (the aula), the anterior wall of which is known as the lamina terminahs of

the brain. It will be observed that this lamina is of thickened nervous matter in the

turtle, whereas in the gar-pike it is represented only by the posterior edge of the thin

double septum of the prosocoele.

The roof of the brain in the turtle is not unlike that of many lower forms, for the

Fig. 36.—Horizontal section tiirongli anterior
ytaxt of brain of a turtle ; m, mesoccele ; i,

thalamocoele : p, aula, or axial part of pro-
socoele leading by the portse or foramina of
Monro (the arrows) into the anterior {p') and
posterior (p") cornua of its lateral ' ventricles

'

or procoeles ;
'

'

ccele.
/, lamina terminalis ; r, rhino-
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Fig. 37.— Side view of turtle's brain

riiriii

XI f, tlie cranial Tierves ; spl^

the flrst spinal nerve ; r, rliinenoephalou ; p, prosenoeplialon ; t, tliiu

roof of tlialamencephalon ; /;, hypophysis ; m, nieseticepha"

lobes (corpora bigemina) ; e, epenceplialun with thick roof,

lam ; mt, metencephalou, with thin roof (choroid plexus).

thin roof of the tlialarnoccele is free on the upper surface ; behind that are the optic

lobes, or corpora bigemina, of the mesencephalon, succeeded by the comparatively

small cerebellum and the thin roof of the metacoele.

A greatly advanced stage of development is to be met with in the birds (Fig. 38),

the chief characteristics of the bi-ain of which consist in the great size and shape of the

cerebral hemispheres, which,

growins: backwards towards ^3^^/'

the cerebellum, cover the roof

•of the thalamencephalon, and

cause the optic lobes to as-

sume a lateral instead of a

dorsal position on the mesen-

•cephalon. The cerebellum

itself grows forward to meet

the cerebral hemispheres, and

backwards so as to overlap the thin roof of the metacceles, and develops on either side

.a small lateral lobe which becomes of far greater importance in the mammalian organ.

So greatly are the cerebral hemispheres and the cerebellum developed in the m-am-

malian brain, that the other regions are entirely dwarfed in proportion. This is true-

of even the lowest forms, but it reaches its maximum in man, where the cerebral

hemispheres even cover the cerebellum, as well as all the intervening parts of the brain.

Not only does this growth take place backwards, but also forwards, in front of the

lamina terminalis, and downwards towards the base of the brain, so that the lateral

ventricles, instead of being merely in front of

the aula, are continued by so-called ' cornua,'

into the lobes which result from the growth of

the cerebral hemispheres in the directions in-

dicated.

In all of the lower forms the right and left

halves of the different regions of the brain ai-e

connected by bundles of nerve fibres, constitut-

ing transverse commissures; so also longitudi-

nal commissures are present, connecting the

various regions of the brain with each other.

The mammalian brain not only possesses representatives of these commissural systems,

but others are developed in response to the greater increase in importance of the

cerebrum and cerebellum, which reach their maximum in man.

Of these we have already alluded to the pons Varolii, found on the ventral aspect or

base of the brain, and serving to unite the lateral lobes of the cerebellum, which have

become in the lower forms of as great size as the original middle lobe, while in the higher

forms they greatly exceed it. Two other important commissures— the corpus callosum

-and the fornix— are developed in connection with the cerebral hemispheres ; but these,

instead of being within the ccBliae, like the commissures of the lower forms, are really

outside this system of cavities. If a triangular patch of the median wall of each cere-

bral hemisphere be conceived to remain thin, and to unite with that of the other side,

instead of being uniformly thick and independent fi-om its neighbor, as in the turtle (Fig.

36), we shall realize the way in which the ' septum lucidum ' of the mammalian brain is

iormed. Occasionally the union of the two halves of this thin septum is not complete,

VOL. III.— 3

Fig. 38.—Brain of a gallinaceous bird ; c, cere-
brum ; cl, cerebellum ; m, medulla oblongata

;

o, optic lobes ; p, pituitary body ; /— VI, cranial
nerves. (The cut ends of V and Vll—XI are
seen on the sides of the medulla.)
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in which case a little space in the septum is left, known in human anatomy as the fifth

ventricle of the brain. It must be understood that it has really nothing to do with

the true ccelise, but is only a part of the great fissure which separates the two hemi-

spheres. The corpus callosum and fornix have important relations to the septum

lucidum, for the former is constituted by fibres crossing transversely between the

right and left hemispheres of the cerebrum, in front of and above the level of the

septum, while the latter arches upwards from the base of the bi'ain behind the septum,

and thus reaches the under surface of the corpus callosum. Concomitantly with the

great development of the cerebral hemispheres and their ventricles, the other parts of

the cceliac system become very much reduced in size. This is especially true of the

aula, which is very small in the higher forms. The thalamocoele is known as the

third ventricle, the epi- and meta-coelisB together as the fourth, while the mesocoele

is reduced to a mere ' iter ' connecting the two, known sometimes as the aqueduct of

Sylvius. The roof of the mesoccele vmdergoes a further subdivision than we find in

reptiles and birds, being converted into four prominences instead of two, the corpora

quadrigemina.

Of the greatest importance for the functional activity of the maminalian brain is

the circumstance that in all except the lowest forms the surface, instead of remaining-

smooth, becomes much complicated by the development of fissures and intervening^

convolutions. This complication of the surface has for its object the accommodation

of an increased amount of gray matter, for in the cerebrum, as well as in the cerebel-

lum, the white fibrous matter is contained in the inside, while the gray matter con-

taining the ganglion cells is superficial. The shape of these convolutions is very dif-

ferent in the cerebellum and cerebrum. In the former they are in regular foliations,

which determine the curious method of distribution of the white matter, known as the

arbor vitas, while in the latter they are far less regular, although nevertheless always

conforming to the same fundamental type in the same species. Of special interest

in connection with the form of these convolutions is the discovery within recent years

that particular functions are localized in parts of certain convolutions which are

thus regarded as the cerebral centres of these functions.

In addition to the pia mater already referred to as carrying the vessels for the brain,

there is an 'arachnoid' membrane bounding a lymph space immediately outside the

pia, and a dura mater intimately connected with the skull, and in mammals sending

partitions between the lobes of the brain, which contain the great veins necessary

to drain away its venous blood. Sometimes the dural partitions referred to

ossify, as in the case of that separating the cerebrum and cerebellum of many carni-

vores which possess an ossified tentorium cerebelli. Before leaving the brain, a few

words as to the epiphysis and hypophysis cerebri (pineal or conavial and pituitary

bodies) will indicate the present state of our knowledge of these remarkable organs^

They are apparently functionless in all living forms, but are no doubt dei-ived from

structures perhaps of a sensory character, which were intimately related to the brain

in the ancestors of the vertebrates. The epiphysis is a diverticulum of the roof of the

thalamocoele, while the hypophysis is develqped from the roof of the mouth, but is

intimately related to a diverticulum of the floor of the thalamocoele. The relations,

of these two diverticula suggested to Owen and others that the intestine once com-

municated with the upper surface of the head through this ' conario-hypophysial

tract,' and opened on the neural surface, as it does in arthropods. According to this

theory the conario-hypophysial tract is the remains of a primitive oesophagus, and the
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surrounding nervous matter corresponds to the suprtt- and infra-CESophageal ganglia,

with their connecting commissures in the arthropods and annelids. There is little

evidence to support this theory ; it is far more probable that both epiphysis and hypo-

physis are rudiments of sense-organs which have become lost in the higher forms. It

has been suggested that the epiphysis is a rudiment of an unpaired eye, projecting

upwards from the thalamoccele, as do the optic vesicles laterally, and it is probable that

the hypophysis is comparable to certain sense organs possessed by Amphioxus and

the tunicates. The connection of the hypophysis with the mouth is very early lost,

the duct disappearing entirely except in the Myzonts, where, in the most remarkable

way, the ventral end of the duct shifts its position so as to open on the upper surface

of the head instead of in the mouth. A further reference to this condition will be

found in the description of the olfactory organs of these forms.

THE HIGHER SENSE-ORGANS.

The Auditoet Orgais-.

All the higher sense-organs may be regarded as differentiated parts of the skin,

the supi:)lying nerves of which have become greatly specialized, and have thus acquired

a more marked individuality than the other sensory nerves. The ends of the nerves

are to be sought for in modified tracts of the epiblast, known as neuro-epithelial tracts,

where they terminate in sensory cells, generally isolated from

each other by indifferent cells. In the case of the olfactory

and auditory organs these neuro-epithelial tracts are developed

from hollow ingrowths of the ordinary epiblast of the head, but

in the case of the eye the neuro-epithelium (retina) is formed

as an outgrowth of the first cerebral vesicle, which, however,

it must be borne in mind, is epiblastic in origin.

Surrounding the epiblast destined to form the neuro-epi-

thelium there is always some mesoblastic tissue which carries

the necessary vessels for the nourishment of the neuro-epithe-

lium, and which likewise forms a more or less comj)lete cap-

sule for the organ. We have already seen what an important

jiart these sense-capsules play in modifying the skull.

A fish forms a convenient starting-point for the study of

the ear, because only the internal ear or auditory organ proper

is present, without the additional drum cavity and external

ear which we find in higher forms. The epiblastic ingrowth is at first sac-like

(Fig. 40), but soon gives out processes which result in the highly complicated

structure known as the auditory labyrinth. In sharks the auditory labyrinth is closely

surrounded by the cartilage of the skull on every side, but in teleosts it is to a great

extent free within the cranial cavity, owing to deficiencies in the inner wall of the cap-

sule. It is consequently very easy to dissect out the labyrinth of an ordinary bony

fish. The cat-fish will serve as an accessible type (Fig. 40). Here we recognize two

parts, an upper and a lower ; fhe upper composed of a vertical tube, the ' utriculus,'

with a large anterior i-ecess, with which are connected three semicircular canals, the

lower of a less capacious ' sacculus,' also provided with a recess,—• the ' cochlea.' Con-

necting the utriculus and sacculus is a narrow tube which in many cases is completely

Fig. 39.—Head o£ embryo
fish {^Ctenolabrus); 6, brain

;

e, invagination for ear ; I,

Uiickening of epiblast for
the lens of the eye ; «, nasal
pit ; r, ?-', outer and inner
layers of optic vesicle
which later form the retina.



36 NATURAL HISTORY OF VERTEBRATES.

closed ill the adult. The original opening by which the cavity of the labyrinth com-

municates with the outside is closed in the adults of almost all vertebrates, but the

sharks form an exception to this rule, the endolymphatic duct, as it is called, remaining

permanently open. This duct is so named on account of the fluid endolymph contained

in the labyrinth, the vibrations of which disturb the hairs projecting from the sensory

cells into this fluid. The sensory cells are only accumu-

lated at certain spots in the labyrinth, to which the

branches of the auditory nerve are distributed ; three of

these are known as ' cristse acusticse,' and project into the

' ampullae,' which terminate one end of each of the three

semicircular canals, while tliree others are larger patches,

' maculae acusticae,' which occupy the recess of the utricu-

sa lus, the sacculus, and the cochlea respectively. Resting on

oat^flsii, right side Lner'aspect'; these three maculsB are certain ear stones or otoliths formed

recessL?itrUu'u';aa!"t«p%m^ °^ <^ense calcareous matter, and known as the lapillus,

anS posterta- temMrouter^can- sagitta, and astcriscus. Like the maculae they vary much

oMifh^fa7Y'&ieni''^^cU^ in form and relative size throughout the class of the fishes.

Sricuit'saiciCiuot, indfcate? Of the semicircular canals, two^are vertical, while the third

ettv?c*ts'''a^commun"oIS *rith
(external) is horizontal in position ; the anterior of the ver-

inttfs''lnd'som°e'otiitr''fishe3^''*'^
^^'^'^^ canals is approximately in a sagittal plane, the pos-

terior in a frontal plane.

The wall of the labyrinth is formed of a very delicate cartilage, lined by a low

epithelium, except at the spots where the sensory cells are accumulated. A quantity

of loose tissue containing fluid (perilymph) surrounds the labyrinth, and serves to

transmit vibrations to the latter. The chief channel by which vibrations reach the ear

in fishes is unquestionably the loose bones of the head and gill-cover, but there may
be other channels, notably the air-bladder in the cat-fish and sucker, and their allies,

while in some sharks the first gill-cleft apparently serves for this purpose.

The higher Vertebi-ata not only approach the sharks more closely in this respect

than they do the ordinary fishes, but also in respect of the complete nature of the

capsule surrounding the labyrinth. This capsule, at first cartilaginous, afterwards

ossifies, and forms the osseous labyrinth, which agrees in all respects with the enclosed

' membranous ' labyrinth in form, there being only a very narrow space, containing peri-

lymph, left between the osseous capsule and its contents. The only deficiencies in the

wall of the osseous labyrinth, apart from the aperture by which the nerve gains admis-

sion, are two holes on the lateral aspect, which look into the tympanic cavity or cavity

of the drum of the ear, present, with few exceptions, among the higher vertebrates.

One of these holes, the ' foramen ovale,' is opposite the sacculus, and is occupied by the

inner end of the chain of bones that stretches across the tympanic cavity, while the

other corresponds to the cochlea in position, and, being occupied by a tense mem-
brane, is known as the ' fenestra rotunda.' It is chiefly through the chain of bones

that sound-waves set the perilymph, and consequently the labyrintli which floats freely

in it, in motion ; although vibrations are no doubt also transmitted through the bones

of the head.

Before referring more specifically to the method ' by which vibrations are trans-

mitted to the labyrinth in the higher vertebrates, one or two points in which the

labyrinth itself differs from that of the fishes must be referred to. In the first place,

the otoliths which are so conspicuous in the fishes are barely represented among the
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higher forms ; and in the second place, the cochlea gradually acquires independence

from the sacculus, and eventually becomes converted (in the mammals) into a spirally

coiled tube, whence in fact it derives its name.

It has been mentioned above that vibrations may reach the labyrinth in some sharks

by means of the first gill-cleft. In the smooth hound and similar forms there is a dis-

tinct recess of the cleft that stretches up towards the labyrinth. This is exactly what
we find in higher vertebrates; only the gill-cleft itself disappears, and the recess

stretches up from the cavity of the mouth in the form of the Eustachian tube, to ter-

minate under the skin in a dilatation— the tympanic cavity— which lies to the

outside of the osseous labyrinth. The portion of skin immediately over the cavity,

being thin and tense, is subject to vibration, and may be either quite exposed on the

side of the head, as in the frog, or at the bottom of a longer or shorter passage, the

external auditory meatus, as in higher forms. An additional provision for collecting

the vibrations towards the tympanic membrane is afforded by the external ear, which,

however, reaches a high grade of development only in mammals.

The question now arises how the chain of bones which serves to transmit vibra-

tions from the tympanic membrane to the labyrinth gets into the tympanic chamber.

We saw above that it represents in all probability the suspensorial apparatus of the

lower jaw in fishes, and further that the loose bones of the head in the latter group

form an important channel by which vibrations reach the labyrinth. We may con-

clude from this that the function which the chain of bones performs in the higher

vertebrates is inherited from lower forms, where they had, however, additional duty

to perform. If it be also agreed that the Eustachian tube and tympanic cavity

represent the recess of the first gill-cleft in a shark, then we may conclude that the

higher vertebrates have inherited both the wave-transmitting recess and the chain of

bones from some fish-like ancestor. The position of the chain of bones in the tym-

panic cavity can only be explained by assuming that the dilated end of the recess

grows round the chain, enveloping it in such a way as to bring them within the cavity,

but yet covering them on every side with mucous membrane as it does so.

The Eye.

The essential difference in the development of the eye from that of the other

sense-organs— its neuro-epithelium being a direct outgrowth of the medullary epi-

blast— has been noted above. At a very early stage the first cerebral vesicle buds

out on either side the optic vesicle, which, however, is soon converted into an optic

cup by an ingrowth from the overlying skin to form the lens (Fig. 39). The lens is

purely epidermal in its origin, and the little piece of mesoblast which it pushes before

it becomes transformed into the vitreous humor, a clear gelatinous tissue which fills

the cavity of the optic cup. The wall of the cup next to the lens becomes converted

into the retina, r (Fig. 41), the other wall remains thin, and in fact only formed of a

single layer of epithelium, but this acquires a distinctive character and an important

function, by a deposition of black pigment in its cells, wjiich then constitute the pig-

mentary epithelium of the retina. The cavity separating the two layers of the

retina, at one time continuous with the thalamoccele, disappears, as does that of the

optic stalk, which becomes converted into the optic nerve. Closely applied to the

retinal epithelium is the choroid coat, mesoblastic in origin, and serving chiefly as a

carrier of vessels for the nourishment of the eye, and of pigment. This coat has cer-

tain muscular fibres in it anteriorly (the ciliary portion), which partly serve to support
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Fig. 41.— Diagram of vertebrate eye;
c, cornea ; ch, choroid ; cl, ciliary

process ; i, iris ; o, optic nerve ; r,

retina ; s, sclerotic ; th, tlialam-

nocoele ; v/i, vitreous humor.

in position and alter the form of the lens, but also serve to regulate the admission of

light to the eye by modifying the size of the pupil (the iris). Light is admitted to

the eye through the cornea, a modified piece of skin, the mesoblastic layer of which

is continuous with the capsule of the eye, or sclerotic coat. The latter is opaque, and

cartilaginous or occasionally ossified in plates. Ifnlike

the auditory capsule, it forms no integral part of the

skull, although in some sharks it is continuous by a car-

tilaginous stalk with the cranial capsule.

The eyeball, composed of the elements just enu-

merated, is surrounded in the orbit by a quantity of

loose tissue which admits of free movement in differ-

ent directions, under the control of the muscles at-

tached to the sclerotic coat. These are generally six

in number, four of them straight and parallel to the

optic nerve, the remaining two oblique, and arising in

the anterior angle of the orbit. We have already dis-

cussed the origin and innervation of these muscles.

Protective folds of skin to cover the eyeball are de-

veloped in most forms above fishes, being rendered necessary by the change from

aquatic life. These folds are the upper and lower eyelids, with frequently a third,

which can be pulled over the eye from the anterior angle, and is called the ' nicti-

tating membrane.' This is kept moist by the secretion of a special gland (Harde-

rian), while the secretion of the lachrymal gland, which is situated at the posterior

angle of the orbit, is being kept in constant motion over the surface of the eyeball by

the movements of the eyelids propei-. Between these and the surface of the eyeball

is a space, the conjunctival sac, which is put in communication with the nasal cavity

by the lachrymo-nasal duct, through which the tears are drained into the nasal cavity.

Before leaving the eye it is necessary to consider shortly certain structures of

restricted occurrence within the vertebrate series. Many bony fishes have an import-

ant vascular organ, the choroid gland, formed round the optic nerve after it has

pierced the sclerotic, the function of which is very obscure. It will be more con-

venient to refer later to the mode in which it is supplied with blood. Another struc-

ture, of the nature of a vascular plexus, is the pecten of reptiles and birds : it projects

into the vitreous humor, and may be considered to replace the absent vessel of the

retina in the forms which possess it. The obstruction which the blood meets with in

flowing through such a vascular plexus leads to the effusion of nutritive material

through the thin walls of the vessels of the plexus.

Immediately outside the retina, certain structures are developed within the choroid

coat, which appear to have the function of rendering that coat more impervious to

light. Such are the ' tapeta ' of many fishes and of some mammals. The focussing

of the lens is not always secured by the ciliary part of the choroid coat, but there

may be a special muscular falciform process projecting into the vitreous humor, and

grasj)ing the lens, as in the case of most bony fishes.

Apart from the presence or absence of vessels referred to above, the retina may
exhibit other structural differences withui the different groups. In the retina there is

a considerable quantity of indifferent isolating material, which serves for the support

of the really nervous elements, and which corresponds to the neuroglia of the brain.

The elements which are directly acted upon by the light are the rod-like or cone-like
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ends of the neuro-eijithelial cells, wliicli at first look into the cavity of the optic vesicle,

but, when that disappears, become surrounded by branched outgrowths of the pig-

mentary epithelial cells, which furnish the rods and cones with the sensitive visual pur-
ple. The relative proportion of rods and cones is very different in different groups,
and their structure is likewise different— those of the reptiles and birds being partic-

ularly remarkable for the brilliantly colored drops of oil which are present in them.

The Olpactoey Organ.

Like the auditory organ, the olfactory organ first appears as an involution of the
skin. It is represented by a ciliated sac in Amphioxus, the position of which is such
as to suggest that the organ was related to the anterior end of the open neural canal

in the earliest vertebrates, a theory which would explain the source of its nervous sup-

])ly by the extreme anterior end of the prosencephalon. If correct, this theory would
lead us to believe that the unpaired sac met with in Amphioxus and the Myzonts is the

primitive condition, and that the paired condition in higher vertebrates is secondary.

A very remarkable difference exists between the nasal organ of the hag-fish and the

lamprey, which merits attention. In the latter fish the olfactory mucous membrane
is lodged in an unpaired sac, opening on the upper surface of the head, by means
of the remnant of the hypophysial duct referred to above, and has no communication
at all with the cavity of the mouth, while in the former, the hypophysial duct forms a

complete tube leading from the upper surface to the cavity of the mouth, and the ol-

factory mucous membrane is lodged in a posterior recess of this tube. The connec-

tion between the nasal and mouth cavities, which obtains in the higher vertebrates, is

brought about in a very different fashion.

In fishes generally, the olfactory sacs are paired, and lined with mucous membrane
disposed in folds, in the grooves between which the special sensory cells are lodged,

while the surfaces of the folds are merely clad by ciliated cells which cause a current

to stream over them. The roofs of the sacs are frequently strengthened by bone, and
there are generally two apertures, often quite close to each other, which may be pro-

longed into tubes, through which the current makes its entrance and exit.

In certain foi-ms the folds are so disposed as to have created the impression that

the olfactory sacs might represent a pair of modified gill-clefts with contained fila-

ments, but the theory of their origin, referred to above, is that which is more gener-

ally adhered to.

In sharks a groove leads from the olfactory organ to the mouth, and no doubt this

is the first representative of the similar groove which connects on either side the

olfactory pit, and the cavity of the mouth in higher forms, and which afterwards is

closed into a canal leading from the olfactory sac into the mouth cavity. The pos-

terior apertures of these canals form the posterior nostrils or choanje ; they are situated

directly behind the upper lip in Amphibia, but, by the development of the shelf of the

palate referred to above (p. 18), gradually shift further backward until they occupy a

position far back in the cavity of the mouth.

Mention has already been made of the complex turbinal surface afforded for the

olfactory mucous membrane by the nasal capsule. Only part of the cavity is occupied

by the olfactory neuro-epitheliuin, the rest serving as a channel for respiration in the

higher forms, where the posterior nostrils are brought into close relation with the top

of the windpipe. The whole mucous surface is provided with glands, which furnish

the moisture necessary to preserve the functional activity of the epithelium. A re-
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markable recess of each nasal sac is well developed in the snakes and lizards, and in

some mammals. It is known as the organ of Jacobson, and is situated between the

roof of the mouth and the nasal sac. It is to be regarded as a very specialized part

of the olfactory neuro-epithelium, being abundantly supplied with branches from the

olfactory nerves.

THE INTESTINAL SYSTEM.

In all Vertebrata, part of the anterior region of the intestinal canal is devoted to

the function of respiration, the organs in connection \^ith which will form the subject

of a special section. Here only those parts of the intestinal system which are con-

nected more or less directly with the elaboration of the food will be discussed. Tlie

formation of the cavity of the mouth, by the turning in of a j)it of epiblast, has been

already referred to ; the anal end of the tract is similarly formed in many animals,

but the rest of the tract is lined by hypoblast in its whole extent, which gives rise to

the cells engaged in secretion. Associated with the hypoblast, which in the greater

part of the tract is only one cell thick, there is the layer of mesoblast (p. 5) from

which is formed the vascular connective tissue, on which the hypoblast rests, as well

as the muscular tissue which constitutes the greater part of the thickness of the in-

testinal wall. Covering the muscular tissue on the outside is a fibrous membrane,

clothed with flat endothelial cells, which is continuous by a double dorsal fold (the

mesentery), with the similar membrane which lines the inner surface of the body-wall.

This is the ccelomic or pleuro-peritoneal membrane, the ' parietal ' layer of which lines

the body-wall, while the ' ^•isceral ' layer clothes the viscera, which lie in the coelom.

The following regions are recognizable in the alimentary canal of all vertebrates

:

the cavity of the mouth and pharynx, the oesophagus and stomach, the small intes-

tine, and the large intestine. No well-marked boundary exists in many forms between

the pharynx and the oesophagus, but the stomach is generally marked off from the

small intestine by a distinct pyloric valve, while a similar valve (ileo-CEScal) between

the small and large intestines likewise prevents the backward passage of the food.

From their position we should expect the aperture and cavity of the mouth to be

subject to extremely wide modifications. These being always such as are adapted to

the food, the modifications are as infinite in their variety as the food itself. To realize

this it is only necessary to think of the remarkable differences in this respect between

the animals with which we are most familiar. The aperture of the mouth or gape,

with its bony framework, is liable to just as much modification as the organs contained

in the mouth cavity. It is only in the mammals that we find fleshy lips forming a ves-

tibule in front of the bony framework, but this, in certain cases, where cheek pouches

are present, may be an important part of the alimentary tract.

Within the cavity of the mouth are developed certain organs which secure the

food, or masticate it, or propel it into the oesophagus, or chemically alter it. These
are the teeth, the tongue, and the salivary glands.

We have already seen how teeth are developed, and how cement bones formed in

connection with them contiibute in a most important manner to the formation of the

bony walls of the mouth. The tendency to be observed as we proceed from the lower

to the higher animal is to the restriction of these teeth to definite tracts, eventually

to the bony margins of the gape, and gradually to specialization not onl}- in num-
ber but also in form. The description of the teeth forms such a readily accessible
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structural feature for the systematic zoologist, especially in the case of the mammals,
that a full description of the dental system of the different groups will be found under

these. The student will thus be able to test the law of gradual specialization to which

reference has just been made, and will find that it applies within the smaller grouj)s, as

also in proceeding from the lower to the higher classes.

The second of the series of organs enumerated above— the tongue— is to be re-

garded as a fold of the mucous membrane of the floor of the mouth, supported by the

basihyal bone, or its anterior glossohyal process. In most fishes it is nothing more, but

in Amphibia and the higher classes, muscular tissue enters into its formation, and it be-

comes functional in securing the food, and moving it about within the mouth cavity.

The muscles are partly confined to the fold (intrinsic), and partly attached to the hy-

oid skeleton (extrinsic), but both form the great bulk of the tongue, comparatively

little glandular tissue entering into its formation. It was observed above that the end

buds, which are more uniformly distributed in fishes, are confined to the cavity of the

mouth in higher forms ; the tongue is their usual seat in mammals, where they con-

stitute the organ of taste, and are arranged on papillae of peculiar form.

In shape the tongue is subject to much variation ; it is sometimes developed equally

in all directions round its surface of attachment, but its free portion generally extends

either forwards or backwards from that point. Thus, in the frogs, the tongue is attached

anteriorly, and its posterior bifid end is that which is thrust rapidly out in securing

insects. Again, in mammals, it is attached behind and free in front. Frequently thick

and fleshy in appearance, it is in many forms slender and cylindrical ;
generally cov-

ered -with a soft mucous surface, it becomes, in the birds, coated with a horny layer, in

adaptation to entirely different uses. Its highest degree of specialization in one

direction is reached in man, where it enters into important functional relations to the

organs of voice and speech.

The glands which open into the cavity of the mouth, secreting the saliva for ad-

mixture with the food, are not represented in the fishes, although they are present

throughout all of the higher groups. In the Amphibia and some reptiles they form

more or less continuous tracts, which, however, become restricted to particular spots

in the higher reptiles, birds, and mammals. The chief of these are the submaxillary

and sublingual glands in the floor of the mouth, the buccal and parotid in the lateral

walls. The secretions furnished by these glands are of two kinds, and are formed

by cells of different histological character, either they facilitate the swallowing of the

food, or they act upon it chemically ; but both forms of gland-cells may be united in

the same gland. Special functions are sometimes met with, as in the case of the ant-

eaters, where the submaxillary glands furnish the sticky secretion which aids the

tongue in securing their insect food, or in case of the venomous snakes, where

the parotid gland becomes an organ of offence and defence, being converted into the

poison-gland. A similar change of function of the ordinary cutaneous glands we have

met with in the group of the Amphibia.

Before proceeding to describe the divisions of the alimentary canal, a short ac-

count of its structure may be useful. Various coats are distinguished, of which the

outermost (which looks into the coelom) is the pleuro-peritoneal membrane. Imme-

diately within this is the muscular coat, composed of two layers of generally unstriped

fibres which are disposed longitudinally in the outer, but circularly in the inner layer.

The muscular coat is connected with the innermost mucous coat by a submucous layer

of connective tissue, which contains the larger blood vessels and nerves. The smaller
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vessels and nerves are distributed in the mucosa proper, and this is clad on the free

intestinal surface with the hypoblastic cells, generally disposed in a single layer.

Tliat portion of the alimentary canal concerned more directly with the elaboration of

the food is, as we have seen, divided into three regions by two well-marked valves— the

pyloric and ileo-cffical. The former separates the first region comprising the oesophagus

and stomach from the small intestine, the latter the small from the large intestine.

Even in forms which are nearly allied to each other, considerable differences may

be observed as to the proportionate length of the intestine. These are attributable to

difference in the nature of the food ; as a rule carnivorous forms have a simpler and

shorter intestinal tract than those which are dependent entirely on vegetable food.

An instructive illustration of this principle may be observed in the proportionate length

of the intestine in the tadpole and frog. There are few forms in which the intestinal

tube is not considerably longer than the body; from the consequent folding of the tube

within the coelom, a corresponding complication of the mesentery which suspends the

tube occurs.

Increase in length of the whole tube is only one way in which a greater secreting

and absorbing surface may be brought about. Frequently this is effected by the

mucous membrane alone, which may be elevated into villi, or depressed into follicles,

or may be raised into straight or spiral folds of various forms as in the Selachians and

Ganoids. Again,.blind tubes or cseca may be given off, such as the pyloric appendages

of the Teleosts, or the caeca given off by the large intestine in birds and mammals.

In different parts of the tract, certain constituents may be specially developed ; thus,

in the gizzard of the granivorous birds, the muscular coat is locally thickened, while in

the glandular stomach in front of it, the hypoblastic cells are chiefly responsible for

the increased thickness of the wall.

In many lower vertebrates, the limit between oesophagus and stomach is hardly in-

dicated, but in most higher forms the stomach is not only distinguished by its being

dilated, but also by a sudden change in the nature of the lining cells, and by increased

complexity of the muscular coat. The gastric glands are tubular in form ; their func-

tion is the secretion of the gastric juice.

Immediately behind the pyloric valve the small intestine is characterized by the

reception of the ducts of two important glands, the liver and pancreas, both of which

are developed from this part of the intestinal tract, and are formed, to a large extent,

of hypoblastic secreting cells. Of these the liver is the largest, and is further dis-

tinguished by its paired development, expressed in the adult by the right and left lobes.

Only in some primitive forms do we detect the original tubular disposition of the hepatic

cells; as a rule, this is concealed in the course of development. The bile secreted by

the cells collects in their interstices, which simultaneously are the roots of the bUe

ducts, through which the secretion is conducted, either directly or with the interven-

tion of a gall-bladder, into the intestine.

Frequently in close connection with the bile-duct is the pancreatic duct, the rami-

fications of which terminate in a racemose manner, like the ducts of the salivary glands.

A considerable resemblance is to be detected between the pancreas and the salivary

glands, not only in the cells, but also in their secretion. In certain fishes the pancreas

appears to be absent. When such is the case, its function is performed by smaller glands

of similar nature in the intestinal wall, but it is sometimes only apparently absent, as

it follows the ramifications of the bile-duct throughout the liver, although its cells and

ducts are quite independent of those of that organ.
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The large intestine is shorter, as a rule, in the lower than in the higher forms, and

has little significance in the absorption of food. It may terminate independently on

the surface by a separate anal aperture, or may open into an involuted area of the skin

(the cloaca), into which the ducts of the urinary and genital organs also empty.

THE RESPIRATORY ORGANS.

The Gills.

It has been indicated above (p. 15) that all vertebrates have the anterior part of the

alimentary canal perforated by visceral clefts, which primitively allow streams of

water to flow over the gills formed on their walls. The clefts originate as hollow out-

growths of the alimentary canal, which extend to the skin, which is subsequently per-

forated. In air-breathing forms the clefts are only present in the embryo, and

disappear entirely or undergo a change of function in the adult. They are much more

numerous in Amphioxus, and even in the Myzonts, than in the more typical fishes,

where they are ordinarily six in number. Of these, the first is called hyomandibular,

as it is situated between the mandibular and hyoid arches ; the others are generally

termed branchial clefts, and are separated from each other by more or less complete

partitions bearing the gill-filaments, and strengthened by the branchial arches described

above. The partitions referred to are complete in the sharks, where the clefts open

independently on the outside by a series of slits, but in the Ganoids and Teleosts the

partitions are very rudimentary, the branchial arches carrying little else than the gill-

filaments and the vessels and nerves distributed to them. In this way the gill-clefts

are extremely wide in the Teleosts, but they are not visible on the sides of the head as

in the sharks, for they are concealed by the gill-cover, a fold of skin which projects

back from the hyoid arch, and is strengthened by the opercular bones. This gill-cover

not only serves to protect the gill-filaments, which would otherwise be exposed, but

aids, by its movements, in promoting a stream of fresh water over their surfaces. Each

gill-bearing arch, except the first and last, bears two rows of gill-filaments, one of

which looks into the pouch or cleft in front, the other into that behind it, but there is

hardly any trace of a partition separating the rows in the Teleosts, so that the two

series of filaments count as one gill.

The hyomandibular cleft loses its respiratory function \-ery early in the vertebrate

series, and either disapjaears or persists with an altered function, as was described under

the auditory apparatus. It is present, more or less completely, in many sharks and

Ganoids, and frequently opens to the outside by an aperture behind the eye,— the

spiracle. From this opening, the cleft is sometimes known as the spiracular cleft, and

a rudimentary gill situated on its anterior wall as the spiracular gill; but this gill is

not functional,— it receives only already aerated blood, and is therefore known as a false

gill or pseudobranch. The hyoid arch carries only one row of gill filaments (the poste-

rior) v.rhich help in the aeration of the blood in Sharks and some Ganoids, but receive

only blood already aerated in the Teleosts, and consequently constitute a hyoid or oper-

cular pseudobranch.

Two very different classes of structures are known as external gills. The embryos

of many Selachians possess very long filaments, which extend out from the pouches to

the outside (Fig. 16) and apparently have a nutritive function, their epithelial cover-

ing serving to absorb yolk particles ; but the mud-puppy {Necturus) and similar peren-

nibranchiate Amphibia possess permanent, other forms only temporary, external gills,
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which project widely outwards from the branchial arches, and do not come into

relation to the clefts separating them.

The Aie-Bladdbe.

Various accessory respiratory organs occur in fishes which are exposed to peculiar

physical conditions, such as the drying up of the rivers or ponds in which they live.

These exceptional structures will be described under the genera in question; but

almost all fish-like forms, with the exception of the sharks, possess a bladder formed

from the anterior part of the alimentary canal, which, as it contains air, and has blood-

vessels in its walls, is often of respiratory importance. This air-bladder is generally

considered to be homologous with the lungs of higher vertebrates, having come first

partially, and then entirely, into use instead of the gills. We shall consider this

homology after having discussed the form and function of the bladder as it ordinarily

occurs.

In the Ganoids and more primitive Teleosts (Physostomi) the air-bladder communi-

cates with the intestine, generally in front of the stomach, and either by a slit, as in the

Ganoids, or by a duct. On the other hand it is completely closed from the intestine in

the less primitive Teleosts (Physoclysti). Whether provided with an air-duct or not, it

lies between the intestine and the vertebral column, and when it opens into the intes-

tine does so, with but few exceptions, on the dorsal wall. Conformably with its devel-

opment it presents the same coats as the intestine, viz., a connective tissue coat, a mus-

cular coat, a submucous coat containing vessels, and a mucous coat. The last rarely

presents any glands, and may often be formed of a single layer of flat ejjithelium ; so,

also, the submucous coat may contain very few vessels, and thus be of no importance

for respiratory purposes. But in certain instances the vessels are more numerous,

and may be extremely abiindant, as in the bow-fin and gar-pike {Amia and Lepidos-

teus). Indeed, in the former genus, almost all the blood sent through the last pair of

gill-arches is diverted into the walls of the air-bladder ; the same is the case in the

African Ganoid Polypterus., where the air-bladder opens on the ventral wall of the

(Esophagus, and we have only to conceive the series of gill-filaments on the gill-arches

to be absent, and the blood to pass through the corresponding aortic arches without

being aerated, to have the air-bladder supplied with blood in exactly the same way as

are the lungs in the air-breathing vertebrates.

In many forms destitute of an air-duct, the capillary vessels are not distributed

regularly over the whole surface of the bladder, but form a dense meshwork at one or

more spots, known as retia mirahilia. These are thought to serve for the absorption

or secretion of air, which thus comes from the blood, in the absence of a direct con:-

munication with the outside. Even when a duct is present, it is frequently so narrow

and tortuous that it is hard to conceive air being taken in through it, although, occa-

sionally, bubbles are, no doubt, ejected by this channel, so that we have to conclude

that also, in such cases, the blood vessels are the source of the air contained in the

bladder. But where a wide opening exists, as in the Ganoids, it is obvious that the

respiratory importance of the bladder may be much greater.

The muscular coat is often undeveloped, but in certain cases it may contain striped

fibres, continuous with those of the oesophagus, or it may be functionally replaced by

muscles arising froin the vertebral column and distributing themselves over the blad-

der. In many instances, however,,the air contained in the bladder does not appear to

be controlled by voluntary muscles. Such is apparently the case where the outer
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connective tissue coat is very thick, as it frequently is. This coat may become closely

attached to parts of the vertebral column, or may itself become ossified in part.

Apart from the respiratory function, which is only important in a few forms, the

air-bladder occasionally becomes subservient to the auditory organ, with which it may
be connected directly, or with the intervention of certain modified parts of the anterior

vertebrae. But its most important function is a hydrostatic one, in virtue of which a

fish possessed of an air-bladder is able to alter the amount of the contained air, and,

consequently, its own specific gravity, so as to be in equilibrium under varying pressures.

As far as form goes, the air-bladder rarely presents a subdivision into right and

left sacs, like the lungs. It is more common to meet with a subdivision into anterior

and posterior chambers, an arrangement apparently serving to alter the centre of

gravity as occasion requires.

The Lungs.

In discussing the homology of the lungs of the higher vertebrates with the air-

bladder of fishes, a difficulty occurs at the outset, viz., that the latter organ is devel-

oped from the dorsal wall of the intestinal canal, while the lungs grow out fi"om the

ventral wall. Two ways out of this difficulty have been suggested. Either the luno-s

are not completely homologous with the air-bladder, and are merely similar outgrowths

from the same division of the intestinal tract, or they are comjjletely homologous, and
one or other organ has shifted its original place of development. That the latter is

the true explanation appears to be indicated by the similarity of tlie blood-supply of

the air-bladders in Amia and Pdlypterus, taken in conjunction with the diversity

in the position of the air-duct. The amphibious Dipnoan fishes lead us from the con-

dition in Pdlypterus to that in the Amphibia proper, while the Teleosts more closely

resemble Amia in this respect. It has been suggested that the ventral opening is the

more primitive position, and that the dorsal position has been secondarily acquired,

along with the hydrostatic function.

As far as structure goes, the lungs in many of the lower vertebrates present little

advance over the air-bladder as met with in the gar-pike and bow-fin. But as we
advance to the higher forms, the tendency is towards greater complexity of the sur-

face, so that, instead of being simply bladder-like, the lining membrane becomes first

raised into folds, and eventually the whole organ becomes spongy by the increased

immber and subdivision of these partitions. The minute chambers bounded by these

folds are then known as air-cells, and the whole system of air-cells communicates with

the back of the mouth-cavity, or pharynx, by the wind-pipe, or trachea, which represents

the air-duct of the Physostomous fishes. It is often the case in the reptiles, that all

of the wall of the lung does not become complicated in this manner. Parts remain

thin and bladder-like, and this is the condition of affairs which is so exaggerated in

the birds, where the thin parts (air-sacs) are often extraordinarily developed, pushing

all yielding parts befoi-e them, displacing the marrow of the bones, filling up inter-

spaces between the intestines, or forming sacs beneath the skin.

With the complication of the lungs in the higher forms, there go hand in hand

certain alterations in the wind-pipe, which are partly of resjjiratory importance and

partly subservient to the production of sound. To the former category belong

the cartilaginous rings, which prevent the trachea from collapsing, and which are con-

tinued to a greater or less extent into the subdivisions (bronchi) which go to each

lung. To the latter series of alterations are traceable the formation of the larynx, the
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upper modified part of the wind-pipe, which is the organ of voice in most of the

higher vertebrates ; and of the syrinx, the vocal organ of the birds. The latter is

situated at the bifurcation of the trachea, and consists of vibrating folds of mucous

membrane with a moi-e or less developed resonating apparatus, in adaptation to which

certain of the tracheal and bronchial cartilages are altered. Such is also essentially

the structure of the larynx, where folds of mucous membrane— the vocal cords— are

set in motion by the current of air passing between them, and are adjusted by certain

muscles attached to altered cartilages, here known as thyroid, cricoid, and arytenoid.

The resonating apparatus varies much in different forms
;
perhaps the most remarkable

varieties are the huge vocal sacs of the bull-frog, and those of the howling monkeys.

There is always a close connection between the larynx and the hyoid-bone, which is

established by means of ligaments.

Thyeoid and Thymus Glands.

Locally closely related to the respiratory organs, as well as developmentally con-

nected with this part of the alimentary tract, are two so-called glands (thyroid and

thymus), which, however, functionally belong to the vascular system.

These structures are common to all vertebrates, and are formed by modification of

the epitlielium of the gill-clefts, the former on the ventral, the latter originally on the

dorsal aspect. They retain this position in the fishes, but in the air-breathing verte-

brates, with the disappearance of the clefts, they are subject to considerable variation

in this respect. In man, the thyroid lies at either side of the wind-pipe, the thymus

behind the breast-bone. Originally of secretory function (at any rate in the case of

tlie thyroid) these structures have gradually become subservient to the lymph-vascular

system, and have thus undergone a change of function. The thyroid persists through-

out life in functional activity, while the thymus undergoes degeneration soon after

birth.

THE VASCULAR SYSTEjAI.

Under this heading we have to consider the canals and spaces in which are con-

ducted two of the most important fluid constituents of the body— the blood and

the lymph. Both of these constituents are composed of a fluid ' plasma,' containing

floating corpuscles, and it is the n.iture of these which renders the two fluids differ-

ent. In the blood there are two sorts of corpuscles,— the one laden with a coloring

matter known as htemoglobin, which can combine with oxygen in the respiratory

organs and part with it to the tissues ; the other destitute of coloring matter, and

much less constant in form. It is to the former, or red corpuscles, that the blood owes

its color, and this varies with the amount of oxygen present in the corpuscles, that is

to say, with the degree of aeration of the blood. The colored corpuscles are nearly

constant in size and form for each species; with rare exceptions they are small and of

circular outline in the Mammalia, but larger, oval, and nucleated in the other classes.

In accordance with the tendency to change their sliape, and consequently to move,
the colorless blood cells or leucocytes are frequently spoken of as amoeboid or wan-

dering cells. They are identical with the lymph corpuscles, and play a very different

part in the economy from the colored elements. Not only do they retain the power
of independent locomotion, but they can engulf food-particles, grow, and reproduce,

themselves by division. Unlike the colored elements, they are not confined to the cavi-

ties of the vessels, but can effect a passage through the delicate walls of the finest of
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these. They are omnipresent in the body, and are to be found pushing their processes

into the spaces v/hich separate the elements of the other tissues. In this way the

leucocytes play an important part in the absorption of food from the intestinal canal,

as well as in the swallowing up of the products of the waste of the tissues, and in the

removal of useless parts. The leucocytes so engaged are contained in the lymphatic

vessels, which do not constitute a system of closed tubes like the blood vessels, but

communicate with all the chinks and crevices of the tissues, and are further interrupted

here and there by the lymphatic glands— masses of a peculiar form of connective tissue

(adenoid tissue) which effect important changes in the lymph traversing the irregular

spaces contained in them. We shall first consider the blood-vessels, as their constancy

affords valuable material for study to the morphologist, but it may be convenient to

introduce some general statements as to the development and structure of the vessels

of both categories.

All the vessels are formed in that layer (splanchnoplu-re) of the mesoblast which

associates itself with the hypoblast to form the intestine. They are to be regarded as

spaces formed between the cells of the mesoblast by the collection of fluids, and,

consequently, if they are lined by cells which are disposed like epithelium ; these are,

nevertheless, of mesoblastic origin. The only other elements met with in the walls of

the vessels are of the nature of muscular and connective tissues. In certain tracts of

the vascular system the muscular fibres predominate, and they even acquire in the

heart a histological character, approaching in differentiation that of the voluntary

musculature ; but in other tracts the walls are almost entirely formed of connective

tissue, which may be largely of that kind known as elastic.

Unlike the lymph vessels, the blood vessels form a system of closed tubes, so that

if a large vessel be cut across, and an easily-flowing fluid be injected into one end, it

will flow along the whole system without passing through the walls, and escape by

the other. The system is formed of central receiving and propelling chambers, con-

stituting the heart, from which arteries are given off to the various parts of the body.

These subdivide until extremely fine vessels, the capillaries, result, in which changes

in the gaseous and fluid constituents can take place, owing to the extreme delicacy of

their walls. From the variously-formed meshes resulting from the union of these

capillaries, the blood is drained by comparatively thin-walled veins, all of which con-

verge towards the heart. From what has been said as to the function of the colored

blood cells, it is obvious that the vessels must have important relations to the respira-

tory organs. It is necessary to bear this in mind to understand the singular course

of development of the blood vessels in the higher forms, and here, as well as in the

case of the other systems, it is desirable to start with a comparatively primitive form.

Such, a type is furnished by the bow-fin {Amia) the heart and great vessels of which

are represented in Figs. 42 and 43.

As we have already seen, the heart is situated in a special chamber of the body cav-

ity, — the pericardium (p. 11). The great veins converging towards it generally open

into a venous sinus, outside the pericardium, which in its turn has a large aperture into

the receiving chamber proper, situated on the dorsal aspect of the heart, and called the

atrium. The propelling chamber, or ventricle, lies on the ventral aspect, and projects

further caudad than the atrium ; it is somewhat pointed behind, and in front is nar-

rowed into a conical projection, round which the ear-like appendages of the atrium

(auricles) lap so as to appear on the ventral surface. The walls of the atrium are thin,

its cavity is subdivided by a sieve-like partition into a smaller left and larger right cham-



48 NATURAL HISTORY OF VERTEBRATES.

flG. 42.— Heart of Amla
from below; ac, anterior,
pc,_ posterior cardinal
veins; rfc, ductus Cuvieri;
h, hepatic vein ; c, conus
arteriosifs ; r, ri^lit, I, left

auricle; v, ventricle.

bei-, both of which communicate through the single large atrio-ventricular opening with

the much thicker-walled ventricle. This opening is provided with valves, so that when
the sponge-like ventricle is dilated with blood, and contracts upon its contents, the blood

is prevented from passing backwards into the atrium, and is

forced on into the slenderer part of the ventricle known as tlie

conus arteriosus. This also contains valves disposed iu three

rows, which allow the blood to flow only in one direction, namely,

forwards into the arterial trunk that lies on the ventral aspect of

the gill-arches. Ordinary Teleosts have this arterial trunk dilated

into a bulb next the heart, which looks like the conus of the Gan-

oids and sharks, but is not a part of the ventricle like the latter,

and is separated from that chamber by a single row of valves.

The blood, driven out of the ventricle, flows forwards along the

arterial trunk, whence it is distributed to the gills by a series of

afierent branchial arteries (a). Fig. 43, which ascend the gill-

arches, and break up into the capillary network of the gill-flla-

ments. There the blood is aerated, and is then collected into an

efferent artery (e), which begins low down on the arch, but gi-adu-

ally widens as it ascends, and receives more and more of the

aerated blood. Having arrived at the top of the arches, the

efferent arteries generally unite in a great arterial trunk, the dorsal aorta, which lies

immediately beneath the vertebral column, and gives off arteries at intervals to the

various parts of the body. Much difference is to be observed

throughout the fishes, both in the mode of the origin of the

afferent arteries and in the union of the efferent arteries into

the dorsal aorta. A closer inspection of the condition in

Amia will enable us to proceed towards that in the higher

vertebrates. Four pairs of afferent and efferent arteries are

present. From the foremost of the latter are continued for-

wards carotid trunks for the supply of the head ; the rest of

the blood of the first pair, with the whole of that of the second,

flowing into the dorsal aorta. Little of the blood from the

third pair of efferent arteries can reach the aorta, for they

unite into a vessel (cceliaco-mesenteric) which supplies the

viscera. Finally the blood in the fourth pair is distributed

entirely to the air bladder.

The aerated blood distributed in this way is soon converted

into venous blood by contact with the tissues, and is then

carried towards the heart through the veins. That from the

cm, cceliaco-mesenteric
; q, head is poured into the venous sinus through the anterior car-

IrcUeT'The'miaerated b'lood dinal Or jugular veins ; that from the trunk, in part through

^'ratedTby'white v^'sseis.''^^ the posterior cardinal veins. Part of the blood from the trunk,

however, passes through the kidneys, and is collected in a sin-

gle median stem, the inferior vena cava, which joins the hepatic vein from the

liver before entering the venous sinus. Just as some of the venous blood from

the trunk passes through the kidneys, so the venous blood from the intestines passes

through the liver on its way to the heart. It is conveyed into the latter organ by the

portal vein, which breaks up into a capillary net-work, allowing the blood to be acted

*lr=

Pig. 43.— Diagram of circula-
tion in Amla seen from be-
Jo-vv; a, atferent, and e, etfe-

rent gill arteries ; aa, ab-
dominal aorta; ab, artery
to air-bladder ; c, carotid";



VERTEBRATES. 49

upon and altered by the hepatic cells, before it is drained off by the branches of the

hepatic vein.

We have now to consider the changes which would take place when a fish began
to use its air-bladder, in addition to its gills, for respiratory purposes. Amia is able

to live out of water for some considerable time, undoubtedly because it can change
the air in its air-bladder, and thus aerate the large quantity of blood distributed to its

walls. Although the blood so aerated is mixed with the unaerated blood returning to

the heart from tlie rest of the body, it is obvious that a sufficient change is taking place

as long as tlie blood flows freely through the third and fourth gill-arches. Such a free

circulation in the gills is dependent on their being kept moist. While the fish is in

water it is unlikely that the air is changed in the air-bladder so frequently, but it is

obvious, nevertheless, that the blood returned from the air-bladder must be richer in

oxygen than that which has only been through the gills.

Now in the Dipnoans, which possess a very similar disposition of the vessels, an

arrangement exists whereby the purer blood from the air-bladder is kept separate from
the blood returning from the rest of the body, and is sent through the more anterior

gills, so that the head receives better

aerated blood than does the rest of

the body. It is to be understood that

neither in Dipnoans nor in Amia are

the two methods of respiration equally

active simultaneously, but rather that

they alternate in accordance with the

requirements of the surroundings.

The arrangement referred to above

consists in a subdivision of the atrium

into a right and left auricle, and of the

conus arteriosus into a right and left

passage, the latter carrying the purer

blood from the left auricle to the ante-

rior gills. This arrangement, which is

not entirely absent in Amia, is the first

step towards a complete separation of

the circulation in the lungs from that

in the rest of the body, as in birds and

mammals. Every conceivable condi-

tion intermediate between that in the

Dipnoans and that in the mammals is

to be found either in the embryos or

the adults of the amphibians and rep-

tiles. If we compare the heart and great vessels of a lizard with those of Amia,

we shall at once be able to trace the homologous parts.

With the change from an aquatic to a terrestrial life, the gill-filaments disappear,

and also the respiratory net-work in these, except where a functionless net-work, or

rete mirabile, indicates their former position. Generally, the afferent and efferent

branchial arteries of each gill are represented by a continuous aortic arch, uninter-

rupted by any net-work. Five pairs of these aortic arches are present in the embryos

of all higher forms, the second of which corresponds to the trunk vessels of the first
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Fig. 44.—Heart of lizard from beneath; tlio aerated blood
indicated by dots, tlie unaerated by crosses; a, abdominal or
descending aorta; c, carotid artery; I, left auricle; L,
lungs ; pa, pulmonary artery; ^y, pulmonary vein; r, right
auricle; s, subclavian artery; f, trachea; v, ventricle; //,
ii/, ly, remnants of branchial arches.
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pair of gills in the adult Amia. They partly disappear with development, and are

partly converted into the great vessels proceeding from the heart ; this conversion

taking place in all in a fundamentally similar manner, although with numerous minor

modifications. Fig. 44 will serve to indicate the mode of the conversion of these in

the lizard. Here the atrium is completely subdivided into right and left auricles ; the

former receiving the blood from the body, the latter that from the lungs. Both open

into the ventricle, which is partially subdivided in such a way that only venous blood

is sent through the fifth pair of aortic arches (pulmonary arteries) into the lungs, while

mixed blood is sent to the body through the third and fourth pairs of arches. The
first and second pairs present in the embryo are unrepresented in the adult.

It is easy to proceed now to the last term in the evolution of the vascular system,

that which obtains in the mammals. Here the ventricle is completely subdivided into

right and left chambers, the former of which propels the venous blood into the lungs

through the pulmonary artery, which is derived from the fifth aortic arch of the left

side only, while the latter propels the aerated blood received from the lungs by the

left auricle into the systemic aorta, the representative of the left fourth aortic arch of

the embryo. The two foremost pairs of aortic arches disappear without leaving any

trace, and the third is merely represented by parts of the carotid vessels destined for

the supply of the head. In the mammals it is obvious that the aerated arterial, and

the unaerated venous, blood, are thus kept unmixed, a condition which is reached also

in the birds, and almost perfectly in the crocodiles.

The Lymph-Vasculae System.

"We have already touched upon the nature of the lymph, and on the roots of the

vessels in which it flows : a few words will suffice to indicate the disposition of the

vessels themselves. Like the veins, they are thin walled, and course towards the heart,

but the principal stem in which they terminate generally opens into one of the great

veins, not into the heart itself. As a rule, the larger lymph vessels are to be found

side by side with the blood vessels, although the smaller branches unite much more

freely with each other than is the case with the smaller arteries and veins. Many of

the lower vertebrates have lymph hearts, which assist in the propulsion of the contents

towards the heart ; but these do not occur in the mammals. The special way in which

the masses of adenoid tissue, referred to above, are interi)olated in the course of the

lymph vessels, is very different in different forms, but the lower vertebrates have much
less distinct and differentiated lymphatic glands than the higher forms. In the latter,

we distinguish as mesenteric glands those which are interpolated in the course of the

absorbent lymphatic vessels distributed to the intestinal walls. Although they can

hardly be said to be differentiated in the lower forms, yet certain masses of the

same sort of tissue have taken on special functions, apparently in connection with

the elaboration of the blood, so that they are often called blood-glands. The

most constant as well as the largest of these is the spleen, but the thyroid and

thymus, to which reference has already been made, evidently belong to the same

category. It is interesting to note that this sort of adenoid tissue may invade

organs of originally very different function, and convert them into lymphoid

organs. The thyroid and thymus furnish instances of this, while, in the Teleosts, the

foremost part of the kidney may become converted into a lymphoid organ, similar in

appearance to, and as bulky as, the spleen. In connection with the lymph vascular

system, it is proper to mention that the coelom and its various compartments are, in
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reality, large lymph spaces, for minute lymph vessels open freely into them, so that

a fluid injected into the ccelom is readily taken up by the small communicating

lymphatics.

In many lower vertebrates the coelom communicates with the outside by abdominal

pores. These are not always homologous, although they may perform, in certain in,

stances, the same function— the discharge of the sexual products. Although the

nature of these structures is by no means clear, it appears that they are, in certain

cases, remnants of the ducts of the sexual organs, and thus more properly referable

to the urogenital system, which we shall now briefly consider.

THE UROGENITAL SYSTEM.

In many Invertebrata, as well as in Vertebrata, a close connection is observable

between the urinary and the reproductive organs. This is notable in the Annelids,

where each chamber of the coelom communicates with the outer medium by means of

a more or less coiled tube. These segmental ducts are sometimes enlarged in special

regions, so as to carry off the reproductive elements shed into the coelom, thus

serving a double purpose. Those anatomists who believe that the ancestral verte-

brates were annelid-like base their arguments largely on the very similar conditions

which exist in vertebrates, for in these the primitive excretory organs are likewise seg-

mentally disposed, and parts derived from them serve for the outward conveyance of

the sexual products.

The essential structure of the kidney, in all vertebrates, is a system of coiled

tubules lined with glandular epithelium, derived from the lining membrane of the

coelom, with which, in the lower forms, the end of the tubule may communicate. Into

each tubule there grows a tuft of finely divided blood-vessels, which interrupt the flow

of the blood in such a way as to cause part of its watery constituents to soak through

into the cavity of the tubule. Furthermore, the walls of the tubules are richly pro-

vided with capillaries, so that the glandular cells can select from the passing blood the

effete matters which must be removed from circulation.

In the fishes and Amphibia the kidney is usually divisible into two parts,— a pro-

and a meso-nephros,— in both of which a segmental arrangement is detectable ; but in

the higher forms, a third part— the permanent kidney or metanephros— is devel-

oped, in which the tubes never show a segmental disjjosition. The duct of the meta-

nephros, or ureter, never serves for any other purjDose than carrying off the urine, but

such is not the case with the segmental parts of the kidney. In connection with them

are formed two ducts,— the Milllerian and the Wolflian,— the former of which is

fully developed in the females of all Vertebrates as the oviducts, but is only rudimen-

tarily present in the male. The latter has a more complicated fate ; in fishes and

Amphibia, the Wolffian duct serves in the female sex merely as a urinary duct, while

in the male both the urine and the male reproductive elements are conveyed outwards

by it. In the higher forms, the Wolffian duct is barely represented in the female sex,

while it serves only as a sperm duct or vas deferens in the male.

A considerable difference exists between the male and female sexual glands as to

their relationshijis to these ducts. The ovaries generally shed the ova into the coelom,

whence they are collected by the open mouths of the Mtillerian ducts, but the testes

become fnore intimately united with the Wolffian duct by the intervention of certain

altered urinary tubules (the epididymis), so that the sperm-cells never fall into the coelom.
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In many forms of reptiles, and in birds, the oviducts are not symmetrically devel-

oped, one only becoming functionally active ; but in mammals both oviducts are

developed, and generally fuse in their lower parts into a median chamber— the

uterus, in which the young are nourished by a placenta for a longer or shorter time.

Much difference prevails as to the mode of opening of the urogenital ducts, and their

relationship to the intestine. While they open independently of the intestine, as a

rule, in fishes, such is not the case in Amphibia, reptiles, and birds, where all open into

a common cloaca, which in its turn has a single aperture to the outside. In most

mammals, again, the urogenital ducts open in front of the anus into a urogenital

sinus, in connection with which are developed the external reproductive organs.

In place of opening directly to the outside, the urinary ducts may first expand into

a bladder, serving as a reservoir for the urine, or there may be an ' allantoic ' bladder,

developed in a different way, although discharging the same function, with which the

urinary ducts have no direct connection except in the higher mammals.

The mention of this allantoic bladder renders it desirable to explain a feature of

the development of the higher vertebrates, which was not alluded to at the beginning

of this sketch. In all reptiles, birds, and mammals, a protecting sac is early formed

around the embryo, known as the amniotic sac, and consequently these forms have

been designated Amniota, in contradistinction to the Anamnia (that is, the fishes and

Amphibia), which are destitute of it. The allantois is another fcetal membrane, which

is, however, developed from the intestine, and, being richly supplied with vessels, serves

for the respiration of the embryo, either by approaching the surface of the egg in

oviparous forms, or by coming intimately into contact with the blood vessels of the

uterus, as in the placental mammals. While the amnion is entirely discarded at birth,

this is only true of a part of the allantois, the remainder of which is chiefly converted

into the urinary bladder.

In the foregoing sketch it has been thought desii-able to devote most space and

illustration to the discussion of those organs which are most easily studied by the

beginner in comparative anatomy, while enough has been said with regard to the other

systems of organs to enable the reader to put in their proper place isolated structural

details which he may meet with in the following pages.

R. Ramsay Weight.
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Class I.— TUOTCATA.
Nowhere in the whole vertebrate alliance is there as arood an illustration of dewen-

eracy as in the group known as Tunicates or Ascidians. Many of the species start

in life with the promise of reaching a point high in the scale, but after a while they

turn around, and, as one might say, pursue a downward course, which results in

an adult which displays but few resemblances to the other vertebrates. Indeed, so

different do they seem, that the fact that they belong here was not suspected until

little over a decade ago. Before that time, ever since the days of Cuvier, they were
almost universally regarded as molluscs, and many facts were adduced to show that

they belonged near the acephals. In the later years, when the facts of develojjment

began to be known, this association was looked upon with suspicion, and by some they

were placed for a short time among the worms. Anyone who has watched the phases

of their development cannot help believing that they belong here, the lowest of the

vertebrate series.

Before treating of the development, let us consider the structure of the adult,

taking as our type one of the common, simple forms, like Ascidia or Cynthia, and

illustrating the facts of anatomy by means of a diagrammic figure. The tunicates

derive their name from the fact that the whole body is invested with a tough envelope

or ' tunic' This tunic or test may be either gelatinous, cartilaginous, or leathery. In

some forms it is perfectly transparent, in others it is translucent, allowing enough

light to pass to show the colors of the viscera; while in still others it is opaque and

variously colored. The tunic is everywhere free from the body piroper, except in the

region of the two openings now to be mentioned.

One of these openings occupies a more or less cen-

tral position, while the other is usually at one side,

or may even be placed at the opposite end of the

body. On placing one of the ascidians in a glass

dish, and sprinkling a little carmine or indigo into

the water, we can study some of the functions of

the animal. As soon as the disturbance is over, the

animals will open the two apertures referred to,

when it will be seen that each is surrounded with

blunt lobes, the number of which varies with the

species. As soon as they are opened, a stream of

water will be seen to rush into the central opening,

carrying with it the carmine, and a moment later

a reddish cloud will be ejected from the other aper-

ture. From this we learn that the water passes

through the body. Why it does so is to be our

next inquiry. On cutting the animal open we find

that the water, after passing through the first-men-

tioned opening (which may be called the mouth) en-

ters a spacious chamber, the walls of which are made ujj of fine meshes, the whole ap-

pearing like lattice-work. Taking out a bit of this network and examining it under a

Fig. 45.— Diagram of an ascidian ; a, atrial
cliamber; b, base; c, cavity of tunic; g,
genital organs; h, heart; i, intestine; m,
mouth; n, nerve; p, branchial sac; s, sto-
mach; tf tunic.
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microscope, we find that the edges of the meshes are covered with myriads of minute

hairs, or cilia, which are in constant motion, forcing the water through the holes. Of
course the supply has to be made good, and hence more water flows in through the

mouth. This large cavity is known as the branchial or pharyngeal chamber, and would

seem to be homologous with that of the fishes. On one side of this sac (opposite to the

nervous ganglion), between the mouth and the bottom of the chamber, arise two folds

with ciliated surfaces, which pass forward and form a closed ring near the mouth,

which beneath the ganglion gives rise to a small process extending into the branchial

chamber. The other, ventral portion of this organ has glandular walls, and is known
as the endostyle. In the living animal, when viewed from the side, it appears like

a tube. Usually special gills are developed as folds of the wall of the brancliial

chamber.

The water, after passing through the branchial network, is received into narrow

passages and conducted to a larger portion— the cloacal or atrial chamber. The
general relations can be seen from our diagram, illustrating a vertical and horizontal

section. From the atrial chamber the water flows out into the external world.

Now we can readily see how in the older works naturalists were misled in regard

to the afiinities of the tunicates. They regarded the tunic as the equivalent of the

mantle of the molluscs (see Vol. I.), while the incurrent and excurrent openings

corresponded to the siphons. In one genus, Chevreulius, the resemblance was even

stronger, for there the tunic is in two parts, united by a hinge line, and closed by an

adductor muscle. How and why these views were totally erroneous will be seen when
we come to consider the development of these animals.

At the bottom of' the pharyngeal sac is the narrow oesophagus, surrounded with

cilia which force a current down into the digestive tract. The branchial meshes serve

as a strainer for the water, and the larger particles which it contains fall down until

they are within reach of the current going down the oesophagus. After passing

through the throat, they come to the stomach, where digestion takes place, and then

the rejectamenta are carried out through the intestine and poured into the bottom of

the atrial cavity.

The heart lies on the ventral side of the stomach, and is surrounded by a well-

developed pericardium. The most remarkable fact connected with the circulation is

that the heart, after beating a short time, forcing the blood through the vessels, will

suddenly stop for a moment and then resume its beats ; but, strange to say, after the

stoppage, the direction of the circulation is reversed, the blood taking an exactly

opposite course from that formerly pursued. This most exceptional condition was

first seen in the transparent Salpa, but it may be witnessed in the young of most

genera. We have already referred to the branchial chamber. The walls of this

chamber, besides acting as a strainer, are also respiratory oi'gans. The meshes of which

they are composed are in reality tubes through which the blood circulates, and thus

is brought in contact with a constantly renewed supply of fresh water.

The nervous system in the adults of all except the CopelatEe seems to be reduced

to a single ganglion placed near the mouth, and thus indicating the dorsal side. In

forms like Cynthia it holds the same relative position with regard to the mouth, but

by the doubling of the body (to be explained farther on) it is also brought near the

atrial aperture, where it is shown in our first diagram.

The sexes are combined in the same individual, though usually the products ripen

at different times. As a rule, the earlier stages of the embryo are passed inside the
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Fig. 4(j.— Diagram of tadpole-like lai-va of an ascidian; 6,

brain; g, gill chamber; i, intestine; m, mouth; n, noto-
chord; s, neural cord; u, urogeuital system.

(iloacal chamber, though in some tlie development occurs outside the body. As a type

of the development we will consider that of one of the solitary forms, leaving the many
curious modifications to be noticed in connection with the species in which they occur.

This will be best, since these forms show the relationship to the other vertebrates in

the clearest manner.

The egg undergoes a total segmentation and a -regular gastrulation. Soon a tail

appears, and under the microscope the young embryo, which now begins its free life,

appears much like the tadpole of the frog. It has a large oval body and a long tail

which lashes about, forcing the animal forward with a wriggling motion. Nor is

the resemblance superficial ; it pervades every part of the structure, as may be seen

from the adjacent diagram. The mouth is nearly terminal and communicates with

a gill chamber provided with gill clefts. At the posterior end of the gill chamber
begins the alimentary tract, which pur-

sues a convoluted course to the vent.

Just above the intestine are the rudi-

mentary urogenital organs, which

empty eitlier into the rectum or just

behind the vent. In the tail, but not

extending to any distance into the

body, is an axial cylinder— the noto-

chord, which here, as in all other verte-

brates, arises from the hypoblast ; and above it is the spinal cord (epiblastic in origin),

which extends forward to the brain, above the gill chamber. Besides, the animal is

provided with organs of sight and hearing. So far the correspondence between the

two types is very close, and if we knew nothing about the later stages, one would

without doubt predict that the adult tunicate would reach a high point in the scale

of vertebrates. These high expectations are never fulfilled ; the animal, on the con-

trary, pursues a retrograde course, resulting in an adult whose relationship to the

other vertebrates would never have been suspected had the embryology remained

unknown.

After the stage described, this retrograde development begins. From various

parts of the body, lobes grow out, armed on their extremities with sucking discs.

These soon come in contact with some sub-aquatic object and adhei-e to it. Then the

notochord breaks down, the spinal cord is absorbed, and then the tail follows suit,

the intestine twists around, and the cloaca is formed, the result being much like the

diagram near the head of this section. In forms like Appendicularia, this degenera-

tion does not proceed so far; the tail, with its notochord and neural cord, persisting

through life.

The tunicates, without exception, are all marine. Some are attached, and others

float or swim freely through the water. They feed upon diatoms, small algae. Infu-

soria, and minute crustaceans. Their stomachs usually prove rich collecting grounds

for the student of the lower forms of life. I have examined them when they were

almost entirely filled with the curious cilio-flagellate protozoan, Cerathim tripos, while

at other times they have contained large numbers of Radiolaria. Most of the species

ai-e small, only a small number attaining a length of a few inches. Many of them are

highly phosphorescent, especially the transparent pelagic forms. Owing to the entire

absence of any hard tissues, fossil tunicates are unknown.
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Sub-Class I.— Tethyodea,

Most of the members of this group are attached in the adult condition, though

they pass through a stage in their development when they are free-swimming and

tadpole-shaped. One of the most important features common to all is, that in the

course of their metamorphosis the body is so folded that the mouth and atrial aper-

tures are brought close to each other, and are not placed at opposite ends of the

body.

Many of the group are solitary ; that is, during the whole of their life each indi-

vidual remains distinct and separate from all others. Next come the so-called social

ascidians, in which the original parent sends off buds which develop into new individ-

uals, each with its own organs, but still connected to the parent. In the last tj'pe, the

compound ascidians, the condition is variously complicated. The original individual

gives rise to buds which develop into new zooids ; but these, instead of being distinct,

as in the social forms, become united into one mass with more or fewer of the organs in

common. We shall recur to these aarain.

Order I.— COPELAT^.

In this, the lowest of the orders of tunicates, features characteristic of the larva of

other groups are retained in the adult. The species are all minute, free-swimming

animals, which in the course of their development never pass beyond the tadpole stage.

In the tail, the notochord and neural cord persist through life, the latter with gan-

glionic enlargements at regular inter\als, which is accompanied by a segmentation of

the mesoblast. Only a single family, x^ppendiculaeidje, is recognized, and the

genera are few. Oikopleura (or Appendicularia) is a genus common on the surface

of the seas far from land, both in the tropics and in more temperate regions. Two
species have been noticed by Mr. A. Agassiz on the southern shore of New England,

but they have not yet been described.

Among the other peculiarities of these animals we may mention that a cloaca is

not formed, the intestine communicating directly with the water, and only two gill

slits are present. Some of the species form a transparent gelatinous protective en-

velope, known as the test or house. This is secreted very rapidly, and when complete

has two anterior apertures, while from the middle arises a spacious chamber in whicli

the tail has ample room to vibrate. According to Fol this house is occupied for only

a few hours, and then the animal deserts it and forms another.

Placed in this family is a very rudimentary form, called by Fol JRowalevsIcia, after

the eminent Russian naturalist. In this genus there is no heart and no endostyle, while

the intestine is wanting. The only known species comes from the Mediterranean.

Order II. — MONASCTDI.E.

The term ascidians is frequently employed as synonymous with tunicates, but it is

better restricted to embrace the social and solitary forms, the Ascidise Simfilices of many
authors, and the ' sea squirts ' of the language of the shore. The family Ascidiid^

includes the solitary forms, the general structure and development of which was suffi-

ciently elucidated in our general account. This family embraces the largest species of
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the group, many of which are found on our shores. Some of the most common forms

belong to the genus Molgida, and individuals of the various sjoecies are found at-

tached to rockB and piles, from half-tide mark down to a depth of several fathoms.

They are rather small, a large one reaching a diameter of about half an inch, and are

usually a pellucid yellow, allowing the color of the viscera to be indistinctly seen,

giving the whole animal a very pretty appearance. Possibly most com-

mon of all is Molgula manhattensis, which I have found in favorable

places in countless myriads. In this species the young undergo a por-

tion of their development in the cloaca, and when the tadpoles hatch

they swim out as yellow atoms. They form adhesive processes like

those described above, but they cannot use them in becomitig attached fig. w.—Mnhmia

to rocks. and stones, since they are entirely enclosed in a peculiar en-

velope. This envelope, however, is after a while very adhesive, and if the little tadpole

happens to touch any part of himself to a stone or shell he is fastened for life. Thus I

have frequently seen them adhere by the tail, while the anterior part was making the

most violent struggles to escape. Soon, however, they settle down contentedly, absorb

the tail, and in a few weeks assume the adult structure. These young possess consid-

erable vitality, as I have kept them for several weeks without changing the water.

The genus Eugyra embraces a number of small spherical species,

fond of muddy bottoms, where they live imattached. The embryology

of a species of this genus has been studied by Lacaze Duthiers (he calls

it Molgula), and he finds that it does not have a tadpole larva. The
fishermen call some of the species of the genus Cynthia by the rather

appropriate name ' sea peach ;
' for they are large and neai-ly spherical,

^"^^piiiuiaris''''"'
^''^'^^ ^^^ colors, red and yellow, are disposed much as in the familiar

fruit. The name 'sea squirt' is also given, from the fact that when
drawn to the surface these animals will contract still further if touched, sending

streams of water out of both oral and atrial apertures.

The only other genus which we shall mention is Holtenia, which embraces the

' sea pears ' of the fishermen's terminology. These species are usually yellow or reddish

in color, and ai*e supported on long and slender stalks which sometimes attain a

length of a foot or more. The body proper is pear-shaped, with the openings on one

side. The tunic is tough, wrinkled, and leathery, and the animals are utterly unable

to keep themselves clean, but are always covered ^\•ith numbers of seaweeds, hydroids,

and other forms of animal and vegetable life.

The family Clavbllinid^ embraces the social ascidians. In structure each of these

is much like the members of the last family, the distinguishing featm-e being that the

first individual formed sends out a bud which grows into a root-like stem, developing

another individual at the extremity. This second one repeats the operation, and the

result is a rather large colony copnected by a common stem. In these buds both

entoderm and ectoderm are concerned. The latter is derived, of course, fi-om the

outer layer of the body, but the entoderm arises as an outgrowth from the branchial

sac. The principal genera are Clavellina and Perophora.

Oedee III.— SYNASCIDIiE.

This is one of the groups of compound ascidians, and is frequently termed Ascidis

Compositee. In all the species numerous individuals are enveloped in a common
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Fig. 49. —Colony of Botrtillus
composed of three systems.

mantle, forming a massive gelatinous and frequently brightly-colored colony attached

to some stone, or frond of seaweed. In the different groups the individuals are

arranged in a characteristic manner, and the colony increases in size by different

modifications of the process of budding. In some the body is short and simple, in

others it becomes greatly elongated, and is frequently constricted so that it appears

to be composed of tvi^o or three segments, to which the names head, thorax, and

(third) abdomen are usually applied.

In the BoTEYLLiD^, represented on our coast by JSotryllus gouldii, the body of the

individual zooids shows no sign of segmentation, and in the typical genus they are

arranged in a star-like manner around a common cloaca. The

general structure of one of the systems or groups of zooids is

diagrammatically represented in the accompanying cut, which

should be compared with the general figure of a tunicate at

the beginning of this article. The central cavity is the com-

mon cloaca, into which open the water-tubes coming from the

branchial sacs of the ^ari()us individuals. The arrows show

the course of the currents of water. Hotryllus gouldii is very

common on the New England coasts, forming gelatinous

masses on eelgrass, algae, and hydoids, which

sometimes attain a width of an inch, and a

length of eight or ten. The color is very

variable. Our figure represents a small col-

ony of three systems. The larva was at first

considered as a composite, but more recent

researches show that this is not correct. The
larva, on settling down, forms an ascidian,

which by budding forms a colony. This

budding process is very complicated, some three or four generations of buds being

foiTTied before a common cloaca is produced. The larva forms a bud and then dies.

This bud in turn develops two others and then disappears; the next generation con-

tains four individuals, and so on. These buds at first have no connection with each

other, but eventually they arrange themselves into groups, and take the structure

shown in the diagram.

In the DiDEMXEDJE the viscera extend themselves behind the pharyngeal sac, and

the body is divided into two portions, dignified by the terms thorax and abdomen. In

the next group, the Poltclixid^, three divisions of the body—thorax, abdomen, and

post-abdomen— are present, and each individual is very long. Amarcecitim, a genus

common on our coasts, forms large colonies, some of which reach a foot or more in length.

The general color is much like that of boiled salt pork, although more translucent,

and the fishermen, who occasionally draw them up on their lines, call them sea-pork.

The animals are arranged much as in Hotryllus, each system having a common cloaca.

The process of budding has been studied in some of the species. The larva attaches

itself, and develops a solitary zooid, with its three body divisions. Soon the post-

abdomen separates from the rest, and divides into several sections, each of which

develops into an independent zooid, the parent in the meantime forming a new post-

abdomen. Each of the second generation repeats the process, and the result is that

the colony increases rapidly in all directions.

Fig. 50— Diagram of the structure of BotrijUus.
Tlxe arrows slmw the course of the water pass-
ing in through the mouths and out through
the central cloaca.
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Order IV.— LUCIiE.

In this group are placed a few species of compound ascidians which form thimble-

shaped, hollow colonies, the individuals radiating from the axis and being imbedded in

a common cartilaginous matrix. The incurrent openings are irregularly disposed on

the outer surface, while those for the outgoing stream empty into the hollow of the

thimble.

Only a single family, the Pyeosomid^, is recognized, and of this the principal genus

is JPyrosoma, which derives its name from its highly developed phosphorescent

powers. The members of the genus are found in the warmer seas of the world, where

they swim slowly through the water. Their mode of locomotion, if such it may be

called, is rather peculiar. Each individual is constantly drawing the water in through

the branchial openings on the outside, and pouring it out through the cloaca into the

central cavity, and thence back into the sea. This constant streaming forces the

whole colony constantly forward in one direction ; but there is no adaptation for

changing the course. Pyrosoma reproduces in two ways,— by eggs and by budding.

The eggs hatch and leave the parent, and form the bases of new colonies, which are

built up by budding from the zooid produced from the egg.

Pyrosoma, as we have said, is highly phosphorescent, and the larger colonies

(P. giganteum reaches a length of two ^r three feet) emit a large amount of light ; in

fact, the story is told that one naturalist read a descriistion he had written of one of

these animals by the light emitted from its body. Each of the individuals has a

number of cells near the mouth, the function of which is to produce the light.

Sub-Class II.

—

Thaliacea.

The members of this division present marked difference from those of the last. All

are free-swimming and perfectly transparent, and have the incurrent and excurrent

orifices at opposite ends of the body. The branchial cavity is much altered, and the

gills take a cylindrical or lamelliform shape, and project into the cavity, dividing it,

in Doliohcm, into two chambers. Expiration is assisted by a number of muscles like

hoops, which, by their contraction, force the water out of the cavity, and at the same

time the reaction forces the body forward. The alimentary tract forms a small body

(called the nucleus) at one side of the branchial cavity.

Order I.— CYCLOMYARIA.

The name used to designate this order, which contains only the family Doliolidje,

has reference to the character of the muscles which surround the body. Each one

forms a complete hoop. The body is barrel-shaped, with an opening at either end,

and the alimentary tract has not attained the concentrated condition found in the

next order. The reproduction is accompanied by an alternation of generations,

numerous cases of which are described in the lower invertebrates, but which here and

in the next order obtains its only representation in the group of vertebrates. The

whole of the history is not known : but essentially it is as follows: "We have first a

sexual form which produces eggs. From each egg a tadpole-like larva hatches out

and develops into an asexual individual. This in turn gives rise to buds which
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finally separate from the parent and float freely in the water. Of these buds there are

two kinds differing considerably in appearance and origin. One kind develops into

the sexual forms with which we began ; the

fate of the other is unknown. After a

longer or shorter time the individuals of

Doliolum die, and most of the soft parts

soon decay; but the outer gelatinous walls

last for some time and fulfil a further use-

ful role ; for one of the amphij)od crusta-

ceans, Hyperia by name, uses this dead
¥i(i. 61.— Doliolum. rieiiticuiaium: a, circular mus- test as a home, liviiiEf in it much like a

cles of pharynx; v, eialostyle; ff, ganglion; A, , . , . . ^_.

heart; i, intestine; m, mouth; o, oesopliagus; hermit Crab III ItS shell. One SpeCieS of
r, reproductive organ; 5, stomach; a;, branchiae.

i , ,
the genus has been seen on our shores, but

it has not yet been described and honored with a Latin name.

Oedek II.—DESMOMYARIA.

The members of this, the last order of the tunicates, diverges the most widely from
the type described in the foregoing pages. The body is nearly cylindrical, sometimes
flattened above and below. The muscular bands do not form complete hoops. The
generation in these forms is still more complicated than in Doliolum, and authorities

are still in dispute concerning it. Leaving aside all mooted
'

questions, which are mostly of a technical cliaracter, the pro-

cess seems to be much as follows : Two kind of individ-

uals occur, the solitary and the 'chain zooids,' the latter

being united together into long bands, the individuals of

which correspond to the links of the chain. From one of

the solitary individuals a long process or cord grows out,

and then this divides up to form the chain. Each one of the

chain zooids contains a single egg, and also the male repro-

ductive organs. The egg ripens before the spermatozoa,

becomes impregnated, and undergoes its development inside

the parent, to which it is connected by a structure compar-

able to the placenta of the higher vertebrates. After this

young Salpa is far along in its developmental history, the

male organs ripen and the spermatozoa are cast into the sea

to fertilize other eggs. Each egg finally forms a solitary

Salpa, like the one with which Ave started. Thus the process

is an alternation of generations, and, as expressed by the

German poet-naturalist, Chamisso, who first discovered this

extraordinary mode of rejaroduction, "a Salpa-xaolher is not

like its daughter, or its own mother, but resembles its sister, its grand-daughter, and

its grandmother."

Usually it is thought that the solitary Salpaj are asexual and that the chains are

sexual ; but Dr. W. K. Brooks, who has studied their development -s-ery profoundly,

thinks otherwise. He regards the solitary individual as the female ; and says that it

places an egg in each of the chain salpae, while each member of the chain is to be re-

garded as a male. From this point of view no alternation of generation can occur.

Fig. 52.— Salpa spinnsa, one in-

dividual from a chain: a,anus;
6, gill; r/, ganglion; h, heart;
tn, mouth; ii, nucleus; p, pro-
cesses by which the various
individuals of the chain are
connected together.
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The chain Salpa, before the ripening of its spermatozoa, is to be regarded as a nurse.

To the writer it seems that these differences, apparently so marked, are in reality

reconcilable; 'and that it is ])artly a question of definition, and partly due to the fact

that the tissues of the individuals of the chain are outgrowths from the solitary form,

so that it is difficult to say which should be regarded as the ])arent of either sexual

element.

The individuals of the chain Salpce are variously arranged, being placed with their

axis parallel or transverse to the chain, or in some intermediate position. The
members of the chain are held together by means of spurs extending from one to

another.

On our east coast a single species, /Sa^ce spinosa, (often called /S. cdboti), occurs,

forming chains a foot in length or even more, each chain containing two rows.

The body is perfectly transparent, but is frequently tinged with I'ed or blue. At
times they are very abundant, filling the water for miles.

In the tropical seas they are more abundant, and a considerable number of species

have been described.

At present, as we have seen, the ascidians are placed at the bottom of the verte-

brate series, but among the so-called worms exists a form, Halanoglossus, which may
belong here, occupying a place below the tunicates. This view receives considerable

confirmation from the researches of Mr. Bateson on the species which lives in the

North Carolina waters. Unlike the previously known forms, this species does not pro-

duce a Tornaria larva, but develops directly into the adult by processes which recall

those of Amphioxus, next to be taken up. Halanoglossus and its peculiar larva are

figured and described in our first volume.

J. S. KiNGSLEY.
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Class II.— ACEAOTA.
" The lowest of the vertebrates," Branchiostoma, occurs nearly everywhere in the

temperate and torrid regions along the sea coasts, in shoal waters of a couple of

fathoms more or less. In the United States it has been found from New York to the

Gulf of Mexico. Its shape and size are such that it readily escapes notice, even where

very common. A very large specimen might be two inches in length, three six-

teenths of an inch in depth, by about one eighth in width, pointed at each end, translu-

cent and iridescent. Resembling a worm, it is easy to overlook or mistake it. Pallas,

its discoverer, 1774, called it a mollusc, and put it in the genus Limax. Costa rediscov-

ered it in 1834, and, calling it a fish, made it the type of the genus BrancMostoma.

Yarrell, in 1836, made for it the genus Amphioxics, under which name it is best known.

Fig. 53.— Brancliiostoma lanceolatum^ ampbioxus, lancelet.

Recent investigations have brought to light so many resj)ects in which it differs from

the other vertebrates, that it has been placed in a separate class, the Acrania. The
division is also known as Leptocardii.

Adult lancelets, as commonly called, spend most of their time buried in the sand.

If one were able to watch the bottom in their haunts about nightfall in still weather,

he would possibly see them, where least expected, spring from their concealment, and

with a peculiar wiggling motion, in which the head itself moves from side to side,

swim toward the surface. After they had wandered about till tired or satisfied, he

would see them settle down again, and by quick bendings of the body dig into the sand

and throw the cover over them as they retired. Unless an occasional one, resting un-

easily, should rush through the sand, or, in a fright, should spring out and frighten all

the rest, it would be hard to say just where they had disappeared. A very close in-

spection, however, would discover little openings here and there ; and, looking closer,

these would be found to be the tentacle-fringed, open mouths of the little creatures,

which, lying on their backs, feed upon the minute organisms, plants, and animals,

drawn into the mouth by a current of water that jjasses out through the gill openings
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and the branchial pore. The young are less at home in the sand
;
probably they do

not take to it until nearly adult.

When full grown, the body is of a light flesh color, slender, compressed, and taper-

ing to a point at head or tail. Mouth and vent are a little toward the left side, and

each is a little way from the extremity. The former is an elongate oval, surrounded

by about twenty-five tentacles ; in front of it, around the beak formed by the end of the

notochord, along the back, and around the tail from the branchial pore backward, there

is a sort of fin or dermal expansion. A third of the length from the end of the tail, in

front of the vent, there is an opening or pore into the branchial chamber (atrium or

branchium) which allows the escape of the water entering through the gill openings.

This chamber lies below the pharynx ; when full, it is rounded and transparent ; when

collapsed it is marked by a translucent fold of its walls along each flank.

On the flanks the muscles bear some resemblance to those of the fishes. Those of

the two sides are brought close together toward the ' fin rays,' but are separated over the

notochord and viscera. They .appear to be arranged in transverse series (about sixty),

each band forming an angle directed forward. They are formed of series of more or

less regular and overlapping plates, and do not extend quite to the end§ of the verte-

bral column. Besides these, there are transverse and longitudinal abdominal muscles,

others about the gills and tentacles, and others around the mouth, vent, pore, and

pharyngeal ring.

The alimentary canal is very simple, nearly straight, lined with vibratile cilia, and

consists of the mouth, pharynx, oesophagus, stomach, and intestine. A constriction

caused by a ring of cartilage called the j^haryngeal ring separates the mouth from the

]|harynx. The latter extends to about the middle of the total length; from it the nu-

terous gill-openings, varying in number with age, let the water pass into the branchial

lamber. The oesophagus is short ; in it the food that has been strained from the

^yater is compacted into a mass or string, from which the nourishment is ground or

shueezed in the stomach. The intestine begins above the pore, at the beginning of the

lower fin, and continues to a point a little in front of the end, where the vent opens

downward at the side of the fin.

Such a skeleton as that of JBraiicJdostoma is hardly worthy the name. What
there is of it is composed of the softest of cartilage. There is nothing whatever

resembling a skull. A long slender rod, the notochord, pointed at each end, forms the

vertebral axis. Outside the rod is a membranous envelope ; inside it is a series of

thin, flat discs placed side by side. At each side of this axis are the body muscles

;

below it are the viscera ; and above it the neural cord separates it from the fin rays.

The pectoral skeleton is united with the dorsal only by ligament. The base of the

.former is somewhat like a sternum. It supports a ring of cartilages surrounding the

mouth, the pharyngeal ring, and the branchial arches which rise like ribs toward

the back. Each of the segments composing the mouth ring bears on its front edge a

slender rod, the support of a tentacle.

The spinal cord is slender and tapering; it extends from within a short distance of

the front end of the notochord to its posterior extremity. Antei-iorly, for a little way,

it is slightly larger ; on its left side there is a slight prominence toward a ciliated pit,

supposed to be a nasal fosse. Posteriorly, just above the end of the dorsal cord, there

is a short upward bend, ending in a knob. This neural or spinal cord is a mere string,

lying upon the notochord, enclosing a narrow canal. Anteriorly the canal is closed,

and near the end in front there is a spot of pigment, said by some to be a rudimentary
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eye. Pairs of nerves are rooted in the upper part of the sides of tlie cord, from which

they pass out and down to be distributed to the various organs. In number the pairs

are the same as the plates or bands of muscles.

Colored blood is not found in the lancelet; the corpuscles are white and few in

number. The heart is a bulbous expansion of the principal vein (vena cava), and lies

beneath the first branchial arches. The vein is contractile ; it extends from the vent

to the heart below the alimentary canal, below and above the livei-. From each side

of the portion beneath the pharynx, vessels carry the blood to the gills ; above the

latter, on each side, it is received in an artei-y which carries it back to the cesophagus,

where these arteries unite in a single distributing vessel, which continues to the end

of the body. From the main heart two small vessels supply the blood for the month,

and a third that for the pliarynx. How the blood is retui-ned from the arterial system

to the veins has not yet been satisfactorily determined.

Along each side of the branchial chamber, at the lower edge of the lateral series of

muscles, the generative organs are placed. They form two series of about twenty-five

little sacs or cases each. Within each of these is developed a quantity of sperm in the,

male or eggs in the female. When tlie eggs are near maturity, the sacs are veiy notice-

able in females. On ripening, the contents are set free in the brauchium by the breaking

ujj of the walls of tlie cases, and from this clianiber they escape by the branchial pore,

or, according to some authors, througli the gill ojieniugs into the phar^ynx and out of

the mouth. The eggs are fertilized by sperm set free in the ^vater. It is possible that

fertilization may take place in the branchium.

The development of the egg is very interesting from a scientific standpoint, and

has been followed by Kowalevsky, Hatschek, and, in our own country, by H. J. Rice.

Segmentation is not interfered with by food-yolk in the egg. It results in a complete

blastosphere (blastula). This blastula has vibratile cilia, and rotates within the envel-

oping membrane. One side gradually thickens, and, folding inward, becoines tue

hypoblast, and the embryo, taking on the gnsti-ula form, soon escapes into the watci-.

Here, swimming about by means of the vibratile cilia, it becomes more elongate and

cylindrical. The edges of the cup join from in front backwards, leaving a single

opening behind. Epiblast and hypoblast approximate along the dorsal axis, and the

mesoblast forms as outgrowths of the primitive stomach between them. A medullary

plate appears above the notochord, a groove forms upon this, and. Inter, is converted

into a neural canal. After the cavity of the abdomen is formed by the closing in of

the sides of the gnstnila, the mouth is formed as a narrow slit ; as development pro-

ceeds, it widens, occupies a more anterior position, and becomes surrounded by the

tooth-like tentacles. The gill openings appear behind the mouth one after another.

With the appearance of these clefts, folds from the ectoderm grow downward on

each flank, and, uniting beneath, form the ventral fin and enclose the branchial

chamber in front of it, leaving the pore ojaen. Otliers of the more prominent changes

in the early stages are the forward growth of the li^er from beneath the stomach,

and the development of the cartilaginous supports of the fins. The very young are

quite transparent.

Specimens at hand from the Gulf of Mexico differ considerably from others col-

lected in the Mediterranean. The European species has been named SrancMostoma
lanceolaUim, the American J3. caribcp.iim. In all six species are known from the whole

world according to Dr. Giinther, of the British Museum. One form, from Australia,

has been regarded as the type of a distinct genus, Epigionichthys.

S. Garman.
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Class III.— CYCLOSTOMI.
Scarcely larger in number of species than the last class is that which is called

either Cyclostomi, Cyclostomata, or Marsipobranchiata ; but when the details of

structure are considered, its members are at once seen to be worthy of classic rank,

exhibiting features which at once place. them near the base of the vertebrate series,

the lancelet and the tvmicates only being below them. Not only their structure and

their development proclaim them to be an ancient group, but in the Silurian rocks of

Europe and America teeth are found (called conodonts) which with considerable

probability ai"e regarded as indicating the existence of lampreys or hag-fishes in the

paleozoic seas. Owing to the entire absence of any other hard portions in their

anatomy, we cannot hope to find fossils of whose pertinence to this group there can

be no doubt.

In shape the Marsipobranchs are much like eels, and in fact the species of JPetro-

myzon have among others the common name of lamprey eels. Structurally they

differ much from the true eels to be discussed further on. The notochord persists

through life, and the true skeletal elements are very feebly developed and never pass

beyond a cartilaginous condition. The vertebral column consists of a cartilaginous

sheath around the notochord (corresponding to the bodies of the vertebrse in the

higher vertebrates), and feebly developed dorsal and ventral arches. The skull also is

rudimentary, but serves to protect the comparatively simple brain. No true jaws or

paired fins are present. The gills are enclosed in a special pouch (whence the name

Marsipobranchii), and the water flows out through one or several external openings.

The mouth is nearly circular and is adapted for sucking. In order to hold on more

efiiciently, the mouth is furnished in the lampreys with numbers of sharp hook-like

teeth covered with a horny exterior. The alimentary canal is straight. There is but

a single nasal aperture, placed in the median line ; and according as its tube terminates

blindly or perforates the palate, the class Cyclostomi is divided into two orders.

Order I.— HYPEROARTIA.

In the lampreys the teeth are numerous, and are placed not only on the walls of

the mouth, but on the tongue as well. The nasal opening is in the middle of the

upper surface of the head, but it does not communicate with the mouth or throat.

From the pharynx a single tube on either side leads to the branchial chambers, where

the water passes over the gills and then out to the exterior through seven separate

holes on each side of the neck. No traces of gill arches are present. A spiral valve

is present in the intestine. Two eyes are present. The dorsal fin is usually divided

into two parts, one of which may be continuous with or separate from that which

terminates the tail.

Some five or six genera and about twenty species of lampreys are known. They

frequent the seas and rivers of both the northern and southern temperate zones. The

names of the genera Petromyzon and Zampetra are derived respectively from the

Greek and the Latin, and both allude to a habit these animals have of attaching them-

selves to stones by their suctorial mouth. At other times they attach themselves in

VOL. in. —5
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the same way to fishes, and scrape off the flesh with then- rasp-like teeth. The portions

thus torn off, as well as the blood that flows, forms the larger part of their food.

When thus attached they can still breathe, for they draw in the water through the gill

slits and then force it out again in the same way.

Lampreys are very differently estimated as food in different places, even within

the same country. The ancient Romans prized them highly, and to-day they are held

in high esteem in various parts of the Continent and in England, but in Scotland they

are despised. In America the same difference appears. In Hartford, Conn., and its

vicinity large numbers of the sea lamprey (P. marinus) are taken for the table every

Fig. 5i.— Petrormjzon marinas, sea lamprey (above); Lampetra fluviatUis, lampern (middle);

P. branchialis, pride (below).

spring, but in most other parts of the country they are disregarded. This species

attains a length of about three feet, and is the lamprey proper. Z. fluviatUis, l^a

river lamprey or lampern, is smaller. Still smaller is the pride, or sand-piper, P. bran-

chialis.

The lampreys undergo a metamorphosis in their development. The genital pro-

ducts, after ripening in their respective organs, escape into the general body cavity,

and then pass out through a genital pore into the sea. Their development has been

studied by the late Dr. Calberla of Germany, and Dr. W. B. Scott of Princeton. The

earlier stages resemble in many respects those of the Batrachia, but later the embryo

takes on its peculiar character and develops into a larval form, long regarded as a
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distinct genus, described under the name Ammoccetes. The lampreys from the sea go
up into fresh water in the spring to lay their eggs, travelling mostly at night. Arrived

at the proper places, they build up small piles of stones. In the fall the young return

to the sea, but it is almost universally believed that the adults die after fulfilling these

sexual functions, though this has not been proved beyond a doubt.

Of the other genera, mention only need be made of Ichthyomyzon, from our west

coasts, and Geotria and 3Iordacia, from Chili and the Australian seas. Of the devel-

opment of these forms nothing is known ; but from the fact that Ammoccete^like forms

occur in the same regions, it is probable that they pass through a metamorphosis like

the others.

Order II.— HYPEROTRETIA.
Two genera only form the family Myxinid^, the only one in the order Hypero-

tretia. These agree in having the nasal aperture communicate with the throat, the

mouth small and surrounded with four pairs of barbels, and the number of teeth

greatly reduced, there being one on the palate and two rows on the tongue. There

may be but a single branchial opening on either side {Myxine), or the number may be

much greater, and frequently the number varies on the two sides. The intestine is

without a spiral valve. But little is known of the genus Bdellostoma, which contains

but three or four species, allfrom the Pacific ; only one, J3. dombeyi, reaching the coast

of California. In these foims the number of external branchial openings varies from

six to eleven or more on each side, each communicating with its own gill pouch.

Myxine (or Gastrobranchus) is somewhat better known, but there are still many
points which need investigation in connection with it. On our coast the genus is rep-

resented by but a single species, Myxine glutinosa, to which the common names of

hag-fish and borer have been applied. The second of these names indicates one of

the most marked fieculiarities of these animals. In their distribution they are much
like the codfishes, in which they frequently live as internal parasites for a portion of

tlieir life. They also attack other fishes in the same way. They attach themselves to

the outside of the body, and like the lampreys they scrape away the flesh with their

teeth until finally a hole is made through the walls of the body, and they creep into

the abdominal cavity. They have the power of secreting slime in almost incredible

quantities, a fact to which they owe their generic and specific names. Kept in con-

finement for a short time in a small jar of water, they will secrete so much of the

mucus as to convert the whole into a mass of jelly. On our coasts they are not very

common, though sometimes the fishermen of Eastport and Grand Menan get plenty

of them.

Of the development of the hag-fish nothing is known. The eggs are very large in

comparison with the size of the animal, and are covered with a horny case which on

either end has a cluster of hooked hairs for adhesion. It would appear from the

investigations of Prof. F. W. Putnam that their spawning-time at Eastport was during

September or October, or even later in the year.

J. S. KiNGSLEY.
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Class IV.— ELASMOBRANCHII.

In different works on natural history, three separate names are used for that group

of iish-like vertebrates which embraces the sharks and skates. These are Selachii

(derived from the Greek word for shark), Chondropterygii (alluding to the cartilagi-

nous nature of the skeleton of the fins), and Elasmobranchii (plate- or blade-like gills).

In some respects the groujD is highly organized, while in others its members stand on

a low grade of development. This has resulted in the assignment of the Elasmo-

branchs to A'ery different positions in systematic arrangement of the vertebrates,

according as one set of structures or another was made prominent. It is, however,

certain that the sharks and skates have diverged less from the main vertebrate stem

than ha\'e the Teleosts. The skeleton in the Elasniobranchs is cartilaginous, and the

separate elements of the skull are united without sutures
;

pectoral and ventral fins

are present, the former large and well developed ; the caudal fin is usually heterocercal,

the vertebral column extending into the upper lobe ; the mouth is on the lower sur-

face ; the gill pouches are usually five in number, but they may be increased to six or

seven, the gill slits corresponding; the optic nerves unite in a chiasma; the intestine

has a spiral valve, and the conus arteriosus has several rows of valves.

The external surface of the body may be naked, but more usually it is covered with

calcified papillas which in origin and structure are comparable to teeth. Sometimes

these ossified papillae are small and closely set, thus forming shagreen ; sometimes they

are larger and more widely separated, forming a hardened armor for the body or for

certain portions of it. These ' placoid ' scales are frequently ornamented with beauti-

ful patterns of sculpture. Sometimes these dermal jjlates are united to form spines,

which usually occur in front of the dorsal fins, but may occasionally be found in other

parts of the body. These dermal spines are frequently found in a fossil condition, and

are collectively known under the name ichthyodolurites.

The internal skeleton varies much in the extent of its development, and in the

relative j^roportion of its parts. In Chinicera a slight calcification, arranged in

segments, appears in the sheath of the notochord ; and all degrees between this

and the condition where

the bodies are more or less

ossified, and have concave

anterior and posterior sur-

faces, may be found. In

the rays, ossification in the

anterior end of the verte-

bral column has converted

the whole into a bony mass.

Neural and haemal arches

may occur.

The skull is cartilaginous

and rudimentary, and usual-

ly has large membranous fontanelles on its upper surface. In Chimoera the palato-

qiiadrate and the suspensorium are united to each other and to the skull, while in the

Plagiostomi they are distinct and movably articulated with the skull, the manner of

their articulation having recently been made a feature of taxonomic importance.

Fig. 55. — SkuU and visceral arches of adog-Hsb ; km, hyoniandibular ; m,
lower jaw (Meckel's cartilage with dotted outline) ; mp, nietapterygoid
ligament ; n, nasal capsule

; q, pterygoquadrate ; s, supraorbital ridge
;

sp, spiracle ; t, palato-trabecular ligament ; 1, 2, 3, 4, 6, labial cartilages.
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Neither premaxillaries nor maxillaries are present, but the jaws are composed of the
palato-quadrate and the Meckelian cartilage. Frequently large accessory cartilages

(labial cartilages) occur. No membrane bones occur in the composition of the skull.

There are no opercular bones, and in all, except the Holocephali, the gill-clefts are

exposed.

The pectoral arch consists of a cartilage on either side, uniting below in the median
line, but never becoming connected with the skull. With this pectoral arch the three

basal elements of the pectoral fin (protoptcrygium, mesopterygium, and metaptery-

giura) articulate, and these bear the radial cartilages which support the fin rays. The
pelvic arch is incomplete, and is represented by a pair of cartilages which sometimes

unite in the median line and always occupy an abdominal position. The abdominal

fins are the smaller. In the males these fins bear appendages, known as 'claspers,'

with a semi-ossified skeleton, and so joined that they are capable of motion indepen-

dently of the fins. The dispute concerning their function (whether they act as

claspers, as intromittent organs, or as perforators) has not been decided.

In the teeth of the Elasmobranchs considerable differences may be seen. In

Chimcera, most rays, and some sharks, they have obtuse crowns, and frequently are so

flattened and united that they form a pavement for both jaws, between which crabs

and molluscs are readily crushed. In other and the majority of the sharks, the teeth

are sharp and conical, and are arranged in rows, the apices pointing backward, so that

the prey cannot readily escape when once it passes the opening. These trenchant

teeth and their arrangement indicates a rapacious life, and their habits fully accord

therewith.

The oesophagus is wide, and communicates with a usually large stomach, but this

sometimes can hardly be distinguished from the rest of the'alimentary tract. The in-

testine is short, and just beyond the duodenal portion, which receives the hepatic and

pancreatic ducts, the so-called spiral vah-e begins. This

is a contrivance to increase the surface, and consists of

an internal fold, the fixed edge of which in most forms

follows the wall of the intestine in a spiral manner,

but in Carcharias, Galeocerdo, Sphryna, etc., this edge

may be straight, and the free edge in this case is rolled

up like a scroll, the axis being parallel to that of the

intestine. The rectum is short, and opens into a cloaca,

which also receives the ducts of the renal and rejsro-

ductive organs.

The ccelom communicates with the pericardial cav-

ity, and, near the vent, with the exterior, by two abdom-

inal pores. Liver, pancreas, and spleen are jDresent.

The heart consists of a single auricle, a single ventricle,

and a muscular and rythmically contractile conus

arteriosus. On the inner walls of the latter are sev-

eral rows of semi-lunar valves. In many sharks the

first visceral cleft persists through life, and forms a

'spiracle,' an opening extending from the upper outside of the head, in front of the

suspensorium, to the cavity of the mouth. From this spiracular cleft, in the early em-

bryonic stage, branchial filaments protrude (Fig. 56).

The brain is much like that of the Teleosts, and is well developed. The optic

Fig. 66.— Head of embryo dog-flsh, the
upper portions removed, to show the
cranial cartilages ; s, spiracular cleft;

c/, branckial clefts ; b, branchial.
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nerves coalesce to form a chiasma, as in tlie higher vertebrates, the olfactory lobes are

large, and the olfactory nerves are usually long, dilating into large ganglionic masses

at the base of the nasal sacs. The eyes are sometimes provided with a third eyelid

—

the nictitating membrane—much like that of birds. The labyrinth of the ear (except

in Holocephali) is completely enclosed in cartilage. In the Squali the semicircular

canals are normal, but in the Raioe they are circular, and each opens into the vestibule

by a separate canal. The ear communicates with the exterior by a canal opening on

the top of the head and partially covered by a valvular flap.

The j)aired male reproductive organs are much like those of the higher vertebrates,

and the ovaries are usually paired ; in some, however, but a single ovary occurs. The
eggs are few in number, and large, a great amount of food yolk being joresent.

The Holocephali, some RaijE, and a few of the sharks, are oviparous, and lay eggs

enclosed in horny capsules, which frequently are prolonged in long horns at the

corners. Most of the sharks are viviparous, and, in a few, a rudimentary placenta is

formed. In the others, judging from the increase in size of the young during fcetal

development, it is probable that some nourishment is received from the mother, though

no connection exists between them.

Owing to the ease with which the eggs are procured, their size, and the morpho-

logical importance of the Elasmobranchs, the embryology has been extensively studied
;

the monograph of Balfour easily occupying the fii-st place. Tlie eggs undergo a mero-

blastic segmentation, and soon a nearly circular blastoderm rests on one side of the yolk.

At one edge of this a swelling appears, and, with growth, this increases in length, and

forms the first rudiments of the embryo. As development proceeds, this embryo is

elevated above the rest of the yolk, which becomes covered by the sjareading blasto-

derm, or the yolk sac, as it is called. In this yolk sac, blood vessels are developed, and

the yolk is gradually transformed into blood for the growing young. In the living

embryo, the circulation of the blood through this vitelline system can readily be seen.

At an early stage the notochord becomes separated from the hypoblast, then the muscle

plates (myotomes) appear, the brain becomes divided into its three parts, and the

epiblastic involutions for the eyes begin. Then that for the ears occurs, and the vis-

ceral clefts are formed. The heart now begins to bend and to beat. Soon the bran-

chial filaments protrude from the visceral clefts, and the continuous median fin is

differentiated. During this time the yolk is gradually growing smaller, and the

elements of the j)aired fins are forming. From this stage the development into the

adult condition is regular, and the embryo is born or hatched, as the case may be, be-

fore the whole of the yolk sac is absotbed.

The Elasmobranchs first appear in rocks of upper Silurian age, and in the carboni-

ferous and Permian rocks their remains are numerous, though they consist chiefly of

teeth and ichthyodolurites, the determination of the position of which in a systematic ar-

rangement is almost impossible. In the mesozoic rocks both sharks and skates are found.

The older sharks and skates were mostly provided with pavement teeth, indicating

a food of molluscs and crustaceans ; in the carboniferous, the trenchant teeth began

to predominate, indicating a more active and a more predacious nature in their

possessors. In the later rocks the fossil teeth are very abundant, especially at certain

localities.

The Elasmobranchs are divided into two groups, the Holocephali and the Plagi-

ostomi. The former is the more generalized, and, as we shall see, forms what may be

called a connecting link between the various groups of lower vertebrates.
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Sub-Class I.— Holocephali.

The ChimsBras, thougli exceedingly bizarre in their appearance, hardly deserve the

name applied to the principal genus. Popularly, there is little of interest concerning

them, but to the naturalist they present many features to engage the attention. The
notochord persists, and the vertebras are represented by a series of ossified rings in

the notochordal sheath. The upper jaw is rudimentary, and firmly united to the skull,

while the lower is articulated to the long and slender hyomandibular. The jaws are

armed with four plate-like teeth above, and two below. The mouth is small and in-

Fig. 57.— Chimmra monstrosa, oliimaera, spook.

ferior in position ; while above the eyes, in the male, is a curious, erectile, stalked

appendage, spined at its extremity, of problematic character. The eyes are very large,

and are without lids ; the skin of the adult is naked, but in the young there are a

number of small placoid scales on the back. In the skin, especially that of the head,

the neuro-epithelial system is well developed, and the lateral line is present. The gill-

clefts are four in number, but they open externally through a single opening which is

covered by a fold of the skin, slightly stiffened by cartilage. This rudimentary gill-

cover represents the well-developed operculum of the Teleosts or true fishes. No
spiracle occurs. The fins, especially the pectorals, are well developed, while 'clas-

pers ' occur in connection with the ventral fins of the male. Dr. B. G. Wilder has
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studied the brain, and regards it as combining Selachian, Ganoid, and Batrachian char-

acters. Other anatomical features are similarly generalized, and these facts all lead

to the conclusion that the Holocephali are the modern I'epresentatives of an ancestral

type, closely connected with the other Elasmobraiichs and with the Ganoids, the

Dipnoans, and the Batrachians as well. The eggs are enveloped in horny capsules,

but nothing of importance is as yet known of the development.

The earliest remains, which, without doubt, belong to the Holocephali, appear in

rocks of Jurassic age, but Dr. Newberry thinks the genus lihynchoches from the Devo-

nian of Ohio should be placed here. In many cases it is impossible to decide whether

a given fossil belongs to the Holocephali or to the Dipnoans.

The sub-class Holocephali, as represented in the existing seas, is coextensive with

the family CniM^EiD.E. This is represented by two genera; (7/ /)»«)«, mostly from

the northern seas, and Callor/njnchus, from those of the Antarctic region. Of the

former, four species are recognized. Best known is C monstrosas, the chimajra, sea-

cat, sea-rat, king-fish, spook, etc., of fishermen. This is found mostly in the Arctic

seas, but it occurs in the Mediterranean and Jajian, and is said to have been taken at

the Cape of Good Hope. On our east coast occurs C. ji7??M«5ea., but it is "\-cry rare-

C. colliei of the Pacific is abundant from Monterey north. Xone of these have any

economic value, as the flesh is not good.

The single species of Callorhynclius is found in the Antarctic seas, and from this

fact derives its specific name antarctlcvs. The most interesting feature connected

Avith it are its peculiar eggs. These are broad and flattened, and reach a length of ten

inches, with a width of about three ; their shape and their dark-green color make
them resemble some of the broad-fronded green algffi. On one side of this capsule are

two slits, which allow entrance and exit of water, for respiratory purposes. The epgs

are buried in the sand, a little below low-water mark. In the embrjos found by Pro-

fessor T. Jeffrey Parker, the yolk sac was covered with numerous paired blunt projec-

tions, and there was practically no yolk stalk.

Sub-Class II.

—

Plagiostomi.

The sub-class Plagiostomi, or Selachii, as it is variously termed, embraces the sharks

and ra3's, and hence by far the greater jDortion of Elasmobranchs. Among the

characters common to all the members, we may mention the following. The skin is

rarely naked, but is usually shagreened or covered with larger bony jilates or shields,

which sometimes may be developed into spines. The nostrils and the mouth are on

the lower surface of the head, and the latter is transverse, and usually armed with

numerous teeth. The palato-quadrate (upper jaw) and suspensorium are separate

and movably articulated with the skull. The spiracle (first visceral cleft) frequently

persists through life ; the gill-clefts are usually five in number, but may be six or seven;

they are never covered by an operculum. The vertebra; are well developed, and occa-

sionally a diplospondylous condition occurs, each body bearing two arches.

Order I.— SQUALL

In popular estimation sharks have an unenviable name. They are regarded, and

justly so, as the most cruel, rapacious, and bloodthirsty of all the inhabitants of the sea.

All of the known species, with four exceptions, are carnivorous, and while the smaller

species make sad havoc with crabs, molluscs, and schools of fish, the larger ones, when
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occasion offers, do not hesitate to attack man. Many are the cases in history and in

fiction whei-e sharks have eaten a human being in one or two mouthfuls.

In shape the sharks are long and cylindrical, the body terminating in a sharp snout

in front and in a long and flattened tail behind. The mouth is transverse, and usually

placed on the lower surface of the head some distance behind the tip of the snout

;

the gill-clefts vary between five and seven in number and always occupy a lateral

position ; the edges of the eyelids are free ; and the shoulder girdle is incomplete. The
differences between the typical forms of sharks and skates are very evident, but a

series of intermediate forms intergrade between the Squali and the Raias, so th.at

almost the only certain external character separating the two is found in the position

of the gill slits ; lateral in the sharks, ventral in the rays.

Almost all the sharks are marine, though many occasionally follow their prey into

the mouths of rivers, where the water is brackish, or even fresli, and one species

{Etdamia nicaraguensis) occurs in Lake Nicaragua, where it is out off from the ocean

by a river a hundred miles in length. Many sjDecies are pelagic, that is, they live in

the open sens, following schools of fish or ships for weeks, in the latter case feeding

upon tlie refuse from the cook's galley or on anything else that may fall overboard.

Other species are found near the shore, living near the bottom, and only rising to the

surface in the pursuit of food. The smaller species often form immense schools, which

follow the mackerel or other migratory fishes. The majority of species of sharks are

found between the tropics. In the temperate regions they are not so numerous,

while the sleei^er shark (Somniosics microcephalus), the black dog-fish {Centroscyllium

fabricii) and the basking shark

{CetorJdnus maxinnis), enter

the Arctic seas. Few of them
descend into deep water, only

Centroscymtnis codolepis being

known from a depth of five

hundred fathoms.

The teeth of sharks are es-

pecially interesting, from the

method of replacement of those

worn out or torn out. Li the

majority of sharks the teeth

are more or less triangular in

outline, and are movably artic-

ulated with the jaws. They
are arranged in several rows,

one behind another, the first

or outer row alone being used,

while the rest are turned back

out of the way. When those

of the first row are lost, those

of the next row rise up to take

their place. In some sharks, however, the teeth develoj) a pavement much like that

characteristic of the rays.

Sharks have but a limited economic value. In the eastern countries many of the

smaller species are eaten, while the fins, with their abundant cartilage, form the basis of

Fig. 58.- -Jaws and teeth of the blue shark, Carcliarinus gtaucus ; the
single teeth are of the natural size.
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the supply of gelatine in China. According to Dr. Gunther " the fins are obtained not

exclusively from sharks, but also from rays, and assorted in two kinds; 'white and
black.' The white consist exclusively of the dorsal fins, which are on both sides of

the same uniform light color, and rej)uted to yield more gelatine than the other fins.

The pectoral, ventral, and anal fins pass under the denomination of black fins ; the cau-

dal is not used. One of the principal places where shark-fishing is jsractised as a

profession is Kurrachee. Dr. Buist, writing in 1850, states that there are thirteen

large boats, with crews of twelve men each, constantly employed in this j)ursuit ; that

the value of the fins sent to the market varies from 15,000 to 18,000 rupees ; that one

boat will sometimes capture at a draught as many as one hundred sharks of various

sizes ; and that the total number of sharks captured during the year amounts probably

to not less than 40,000. Large quantities are miported from the African coast and the

Arabian Gulf, and various ports on the coast of India. In tlie year 1845-46, 8,770

hundredweight of sharks' fins were exported from Bombay to China."

In our country the economic use of sharks is comparatively slight, though there is a

considerable fishing for some species, esj)ecially for the dog-fish, Squalus acanthias.

The livers of this and other species are taken for the oil which they contain. The
livers are placed in water, and cooked either by steam or by fire, and then the oil is

skinlmed off. It is used mostly for adulterating the fish oils used by curriers, and

brings, at the time of writing, between forty and fifty cents a gallon. In former times

the livers were ' sun-tried '; they were placed in water and allowed to stand in the sun

for several days. The quality produced by this method (which is still pursued in Lab-

rador and Newfoundland) is much better than that obtained in the more modern

course, but the difference in quantity is considerable. Both quality and quantity vary

considerably with the season.

As has been said, the skin of sharks is usually covered by numberless fine and

closely set spinous and hardened papillas, which gives it a rough appearance. These

papillce are so hard that the skin (known as shagreen) was formerly used extensively by
cabinet-makers and other wood-workers for the same purjjoses that sand-paper is now
employed.

These economic uses but poorly compensate for the damage these animals do to the

fishermen's interests. They not only injure and destroy the nets and seines, but they

eat far more fish than are caught ; indeed, one can scarcely imagine the extent of their

ravages.

The classification of the sharks is in an unsatisfactory condition, that of the fossil

forms especially so. Authorities differ as to whether the group Squall should be

regarded as an order or have an inferior rank, wliile the limits and the sequence of the

families is also undecided. It may be that the mode of articulation of the palato-quad-

rate with the skull will give a good basis for taxonomy, but this has not been settled.

The NoTiDANiDJE or Hexanchidje, embraces less than half a dozen species of

tropical or semi-tropical sliarks, only one of which is known to visit the coasts of the

United States. They have weakly developed vertebra, which, at least in the caudal re-

gion, bear each a pair of arches. The gill sacs are six {Hexanchus) or seven {Ileptan-

chus) in number; a small spiracle exists; the mouth is armed with teeth differing in

character in the two jaws and in different parts of each jaw; the lateral line is well

developed, no nictitating membrane exists, and only one dorsal fin occurs. The two

genera are, for our purposes, sufficiently characterized above. The common name for

these sharks is cow-sharks ; one species of which, Heptanchus indicus, is distributed
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Fig. 59.— Chlamydoselachus anguineus.

across the whole Pacific, from the Cape of Good Hope to California, and, according to

Dr. Jordan, it is not rare at San Francisco. The Notidanidje attain a length of about

fifteen feet.

The recently instituted family, Chlamydoselachid^, which at present contains

but a single species, Chlamydoselachics anguineus, deserves mention. Mr. Garman

found, ill a lot of specimens from Japan, an eel-like shark, six feet long, and less than

four inches in diameter. It differed so much from all other known sharks, that a

family was necessary, of which the following characters seem the most important.

The branchial apertures are six in

number, and the opercular fold is

broad, and is continuous across the

under side of the neck ; the mouth

is wide, and placed at the anterior

end of the head ; the eyes are with-

out a nictitating membrane ; the

single dorsal is placed behind the

ventral s, and opposite the anals.

Mr. Garman has thoroughly

studied the internal structure, and

finds there differences even more

important than those given here,

but, as his account is not yet published, the details cannot be given. In his preliminary

account, Mr. Garman gives the following remarks, which incidentally indicate the pos-

sibility of an allied species on our eastern coasts :
—

" Such an animal as that described is likely to unsettle disbelief in what is popularly

called the ' sea serpent.' Though it could hardly, on examination, be taken for any-

thing but a shark, its appearance in the forward portion of the body, particularly in

the head, brings vividly to mind the triangular heads, deep-cleft mouths, and fierce

looks, of many of our most dreaded snakes. In view of the possible discoveries of

the future, the fact of the existence of such creatures, so recently undiscovered, cer-

tainly calls for a suspension of judgment in regard to the non-existence of that oft-

appearing but elusive creature, the serpent-like monster of the oceans.

" Generally, the attitude of ichthyologists in respect to the belief in unknown sea-

monsters is much the same ; they are inclined to accejDt it, but are waiting more

definite information. A couple of years ago. Professor Baird, in a conversation on

the subject, drew a sketch of a strange creature, captured and thrown away by a

fisherman on the coast of Maine, which might be readily considered by the ordinary

observer as a form of 'the serpent.' It was some twenty-four feet in length, ten inches

in diameter, eel-like in shape, possessed of a single dorsal, placed near the head, and

had three gill openings. The question was, 'Is it a shark?' In several respects it

resembled an eel rather more."

The ScYMNiD^ (LiBmargidffi) embraces about half a dozen large sharks, with no

anal fin, and no spines in front of the two dorsals ; they have no nictitating membrane

;

the five gill slits are in front of the pectoral fin ; and spiracles are present. Only two

species are known on our coasts, and of one of these {Echinorhimis S2oinosics) but a

single specimen has been taken here, though it is more common on the coasts of

Europe and Africa. This is called the spinous shark, from the fact that the skin bears

large round tubercles scattered over the surface, each of which is ' surmounted by
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prickles, like those on a bramble, and, like them, leaving a scar when detached.' It is

a ground shark, rarely coming to the surface.

The sleeper shark, Somiiosus microcephala, is rather more common than the species

just mentioned, but still it is rare. It is properly an inhabitant of the Arctic regions,

and but rarely strays as far south as Cape Cod or the British Isles. Its length varies

between eight and twenty feet, and in weight it may reach two tons or more. Its

color is a purplish gray, with numerous white spots scattered over its surface. In the

Arctic regions it is more common, " and, although it never, or but rarely, attacks man,

it is one of the greatest enemies of the whale, which is often found with large pieces

bitten out of its tail by this shark. Its voracity is so great, that, according to Scores-

by, it is absolutely fearless of man while engaged in feeding on the carcass of a whale,

so that it can be pierced through with a spear or knife without being driven awa}-. It

is stated to be viviparous, and to produce about four young at a birth." On our coast

it often comes near fishing-smacks, and feeds on the offal thrown overboard. Occa-

sionally a specimen is taken on a line and exhibited in the seaport towns. By the

fishermen it is known as ground-shark or gurry-shark, the word 'gurry ' being a local

term for fish offal.

Scymnus, the typical genus of the family, is represented by a single species in

European seas, while Isistius and Euprotoniicrus are pelagic genera of tropical seas,

of which but little is known.

The family Spinacid^ embraces the forms known as dog-fishes ; its members are

characterized by the absence of an anal fin, the presence of two dorsals, each bearing a

spine in front, the gill-slits five in number, the spiracles moderate, and the third eyelid

is absent. Among the internal peculiarities it may be mentioned that the centra of

the vertebrae and the intervertebral tissue are distinct, and the vertebraa are strongly

amphicoelous. About fifteen small species are known, mostly occurring in the Atlantic,

and divisible into six genera, three of which are rejJresented on the eastern coast of

the United States.

Centroscylliumfahriciu the black dog-fish, belongs to the Arctic seas, and thence

extends its range south to Massachusetts Bay. In this southerly portion of its habi-

tat it is rare, but specimens have been taken off Gloucester by the members of the

United States Fish Commission. In Centrascymims the dorsal spines are small, and

sometimes hidden beneath the skin. Nine species are known ; one from the East

Indies, the rest from the seas of Europe. One of these species, C. C(jelole2ois is caught

off the coast of Portugal, in ^^'ater from four to five hundred fathoms in depth. The
fishermen use lines about six hundred fathoms long. Living at this great depth and

its consequent pressure, thej- are killed by being drawn to the surface, r.nd, when the

fishermen take them into the boats, they are already without power of motion. The
average length of this species is about four feet.

Our common dog-fish of the north-eastern Atlantic coast lias a wide distribution,

for it is found in Europe, while Dr. Gilnther regards the Californian Squalm sucMii

as the same species. On our coast it bears several common names; picked dog-fish,

bone-dog, skittle-dog, and hoe, while in scientific lore it is almost equally favored;

though now the old name {Squalus acanthias) given it by Linn6 is restored. In color

it is a gray or slate above, and lighter and even white beneath; in length it varies

from one to three feet; and in weight from five to fifteen pounds. It is common on

the coasts of Maine and Massachusetts ; and on Cape Ann, at Boothbay, and other

places there are fishermen M'ho make it their sole business to fish for them. Indeed,
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so abundant are they at times and in certain localities, they are caught by the thou-

sand. On the Cornish coast, according to Gtinther, twenty thousand were once caught

in a single haul of a seine. They are usually taken with a hook and line, but since

their sharp teeth would instantly sever a cord, the hooks are attached to a short piece

of chain or wire. These sharp teeth also render them a serious nuisance for the

mackerel fishers, since, if they be entangled in a seine, they are very apt to sever the

Fio. 60.— Squalus acanthias, dog-fish (above), an^Mustelus canis, sea-hound (telow).

riieshes with their teeth ; and besides they are- very voracious and eat up large numbers

of fish. On this account the fishermen in Massachusetts show them little mercy. As

soon as caught, they rip them ojjen, take out the liver, and then throw the dog-fish,

still able to swim, back into the water, where they die a lingering death. We have

already referred to the fact that the livers are used for the oil which they contain. It

takes about a thousand livers, when lai-ge and fat, to make a barrel of oil, which is

worth, say forty cents a gallon. In Maine, where the catching of dog-fish is more of

an industry than in Massachusetts, the bodies of the dog-fish are saved, ground into
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' chum,' and then this is converted into fertilizers. Experiments have also been tried

to make the meat into food for poultry. In olden times, in the treeless districts of

Cape Cod, the fishermen occasionally dried the dog-fish, and used them as fuel.

On acconnt of the large numbers which are caught, this species is one which attracts

the attention of the embryologist. During the months of July and August, almost

every female contains a couple of transparent horny capsules, each containing from

two to four eggs, and hence supplies for study are obtained with comparative ease.

The embryos, in all stages of development, will live for some little time after being

taken from the parent, if kept in salt water. The older embryos, when about six or

ten inches in length, are spotted with large, round, white markings, which become

much less conspicuous, or even disappear, in the adult.

The family Peistiophoeid^, ^Yith its single genus Pristiophorus, and its four

species, occurs in the Australian and Japanese seas. Tliese forms ha^'c the front of

the head prolonged into a very long flat blade, along each side of which is a series of

teeth. This gives these sharks much the appearance of the common saw-fishes (which

belong among the rays) but the differences between the two can readily be seen in the

position of the gill-clefts. These saw-bearing sharks are smaller than the saw-fishes,

and have a pair of long tentacles inserted at the lower side of the saw. They have no

anal fin, and no nictitating membrane, but the spiracle is present. Sqitaloraia, a liasic

genus, is supposed to belong near this family.

The Cesteacionid^ is especially interesting to the geologist, because its members

are so abundantly represented in the older rocks ; twenty-two of the twenty-five known

genera having lived in the ages preceding the oolite. The living genera are but

poorly defined. Among the prominent characters of the family may be mentioned

the existence of two dorsal fins, each with a spine, the presence of an anal fin, a small

spiracle, and no nictitating membrane. The teeth are of several kinds, those in front

being smaller and more acute than those farther back, which take on a pavement-like

character. These molars are ar-

ranged in oblique rows, which

vary in number and character,

forming the basis of the division

into genera. The mouth and

nasal cavities are confluent.

The common name for the

members of this family is Port

Jackson sharks. All are confined

to the Pacific Ocean, one species,

Oyropleurodus francisci, occur-

ring on the coast of California. The best-known genus is Ileterodontus (= Cestracion).

None of the four living species exceed five feet in length, but the extinct forms reached

a much larger size. The oldest genus is Ctenoptychius., which appears in the Devonian

rocks, and is succeeded in the carboniferous by a large series of forms. Judging by the

character of the teeth, the members of this family live largely upon molluscs and crus-

taceans, though the- more acute teeth in the front of the jaw would seem to indicate

that these forms were not the whole of their food.

The RHiNODOJfTiD^ embraces only two species of lajrge sharks, one of which well

deserves the name whale-shark, which is applied to it. This species, Rhinodon typl-

cits, of the Indo-Pacific region, "is known to exceed a length of fifty feet, but is

Fig. 61.— Ileterodontus galeatus, Port Jackson stark.
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stated to attain that of seventy." It has an anal fin, two dorsals without spines, the

first nearly opposite the ventral ; both mouth and nostrils are near the extremity of

the snout, and the spiracles are very small. Of 3Iicristodus punctatus, only the jaws

have been examined by a scientific person. This shark is stated to reach a length of

twenty feet, and to be spotted ; it occurs in the Gulf of California. In both Micro-

stodus and Rhinodon, the teeth are very small, in the former genus the largest being

but little more than a line in length and very numerous. This agrees well with what

is reported of its habits, for it is said to feed upon Laminaria and other seaweeds,

a statement which, however, needs confirmation. Should this prove not to be true,

it will probably be found that minute marine animals constitute the food of these

monsters.

The family Lamnid^ embraces a few large species of pelagic sharks, which agree

in the presence of an anal and two dorsal fins, the latter being without spines, the first

dorsal being opposite the interval between the pectoral and the ventral. The nostrils

are separated from the mouth, and the spiracles are minute or absent. The family

first appeared in the carboniferous period, and in the early tertiary almost all of the

existing genera were represented.

The species of Isurus and Lamna are known as j^orbeagles. They are repre-

sented on our coasts by two or three straggling species, only one of which (X. cornu-

bicd) has been fully authenticated. The mackerel sharks of the fishermen belong

here, but considerable confusion exists among them. They reach a length of ten feet,

and annoy the fishermen not a little, by biting off their lines. Some forty or fifty

years ago, the oil from the livers of mackerel sharks had a commercial importance

and, according to Dr. Storer, one liver has been known to make eleven and a half

gallons of oil, and eight livers to jiroduce a barrel. At the present time, shark oil is

not quoted, but it is used to adulterate the cod oil used by the curriers.

The porbeagles and mackerel sharks are sejjarated from the others of the family

by the moderately sized gill-openings, and the well-developed teeth, the edges of

which are entire. The man-eater sharks ( Carcharodoii) have the edges of the teeth

serrated. Of this genus, only a single species is known, C. rondeletii, but this occurs

in all temperate and tropical seas, though it is very rare on our coasts. The specimen

seen by Dr. Storer measured thirteen feet in length, but the species is known to reach

a length of forty feet. Notwithstanding its size, comparatively little is known of

this monster, and it may be that individuals exist of larger size than that just men-

tioned. In a specimen thirty-six and a half feet in length, the teeth measured one

and three quarters inches on the base, and two and a half inches on the lateral mar-

gin. The ' Challenger ' expedition frequently dredged, between the Polynesian islands

and the west coast of America, Carcharodon teeth with a base of four inches and a

side of five. Nothing is known of any recent species which attains anything like the

dimensions that this would indicate, but if the species to which they belong is extinct,

the position and condition of the teeth dredged shows that it must have died out at a

comparatively recent period. In the various rocks of the tertiary period, Carcharodon

teeth are numerous, and indicate, apparently, the existence of several species, some of

which must have reached enormous dimensions.

The single species of Cetorhinus (Selache), C. maximus, has received the common

name, basking-shark, from the fact that at certain seasons it collects in large schools,

which lie motionless, the dorsal fins and the backs rising above the surface of the water.

It is one of the largest of the sharks of the North Atlantic, occasionally reaching a
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length of thirty feet. Its teeth are small, and it feeds principally on fish and other

marine animals, and but rarely attacks man. When ai-oused, it is a dangerous cus-

tomer, not so much on account of its teeth, as from the violent strokes of its tail,

which will break in the sides of a whale-boat. Its liver makes a large amount of oil,

six barrels havino- been obtained from a single shark.

Considerable confusion exists concerning the species of Carcharias, from the fact

that the generic term has been used by different authors for greatly different sharks.

As here employed, it is the equivalent of the genus Odontaspis of some, while their

Carcharias, is, in the present work, the genus Carcharinics. But three species of the

genus are known. They are pelagic, and occur in the temperate and tropical seas,

C. americatms being the sand-shark, gray-shark, or shovel-nose of the Atlantic coast.

It is a small species, rarely exceeding six feet in length, but its size is in no way com-

mensurate with its appetite, it being one of the most voracious of all the group. It

may be separated from all others of this family occurring on our coast, by having

moderate-sized gill-openings, all of which are in front of the pectoral fins. In color

it is gray, and its teeth are sharj) and awl-shaped.

The thresher shark, Alopias vulpes, is readily recognized by its extraordinarily long

tail, which forms over half the length of the whole animal. It is distributed in both

Atlantic and Pacific oceans, but, though occasionally taken in California and Xew Zea^

land, it is much more common in the Mediterranean and on our eastern coasts. It is

a migratory shark, but its migrations are dependent upon the shoals of mackerel, men-

haden, herring, or other fish on which it feeds. " When feeding, it uses the long tail

Fig. 62.

—

Alopias vulpes, thresher shark.

in splashing the surface of the water, while it swims in gradually decreasing circles

round a shoal of fishes, which are thus kept crowded together, falling an easy prey to

their enemy. Statements that it has been seen to attack whales and other large ceta-

ceans rest upon erroneous observations." The powerful stroke it gives with its tail

explains the terms, thresher and swingle-tail, which are usually applied to it. It is

occasionally taken by the fishermen, but its powerful strokes render its capture a diffi-

cult matter, while the small amount of oil in its liver poorly rewards the labor neces-

sary to obtain it. It reaches a length of about fifteen feet ; above, it is bluish lead-

color, beneath, white.

The Spheynedje embraces the hammer-headed sharks, the most peculiar of the

order. In most of their features they resemble the next family, the Galeorhinidae,

but their peculiar heads at once separate them. They have an anal fin, two dorsals

without spines, the first being behind the ventrals, and no spiracle ; the head is ex-

panded, on either side, into a broad lobe, and on the ends of these lobes the eyes are
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placed, giving the animal the appearance of a hammer, or, better, a mallet. The five

known species are arranged in two genera, but the most common and best known
species is Sphryna zygcena, the Zygoena malleus, of most books. This species is

cosmopolitan, mostly frequenting the warmer seas of the world, but occasionally

appearing on the coasts of Old and New England. It reaches a length of fifteen feet,

is brownish gray above, and dirty white beneath. Its common food is skates, flat-fish,

and other bottom feeders, but it does not hesitate to attack man when the opportunity

offers. It is difficult to say what causes have given rise to its peculiarly shaped head.

Our other species, Sphryna tiburo, is smaller, and has the head regularly rounded in

Fig. 63.— Sphryna zygtena, hammer-headed shark.

front, whence the common names shovel-head shark and bonnet-shark. It is a smaller

species, reaching a length of six feet. It occurs in the Atlantic, and extends its range

to China.

The Galeoehinid^ is a large family embracing over a third of the known species

of sharks, distributed in about twenty genera, of which eleven are represented on

the coasts of the United States. All agree in having an anal and two dorsal fins with-

out spines, a moderate caudal, the last gill-slit above the, base of the pectoral, and nicti-

tating membranes; the head is normal and not produced on either side, as in the last

family.

The genera Mustelus and JRhinotriacis differ from the rest of the American forms

in having the teeth flat and pavement-like, and from many in the presence of spiracles.

VOL. III. — 6
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Best known is the smooth hound, or dog-shark, Mustelus canis, figured on page

77, together with Squalus acanthias. It is a small species, the smallest of the Ameri-

can sharks, rarely reaching a length of four feet. In its range it includes the Atlantic

coasts of both continents, on our shores being more common south than north of Cape

Cod. It also occurs on the coast of California, where it was originally described as a

distinct species under the name M. californicus. It is harmless, and feeds on the

crabs and shells which abound on the bottom in favored localities. From its resem-

blance to the dog-fish, it is often confused with that species, but is readily separated

by the lack of spines in front of the dorsal fins.

In the genus Mustelus all the teeth are obtuse, and there is no internal connection

between the mother and the embryos. The young are born ali^e, sometimes a dozen

at a birth.

In the genus Rkinotriacis of which R. henlei occurs on the Pacific, and J2. loevis

on the Atlantic coast (the latter being more properly an European species), the teeth

are sharper, some having basal cusps, while a placenta is developed to assist in nour-

ishing the growing embryo. In Europe, and especially in Italy, the species both of

lltistelits and of Mhinotriacis, are eaten by the poorer people, although the flesh is

not very palatable. Both share the name of hound, and smooth dog-fish. This appli-

cation of the names dog, hound, porbeagle, etc., to different species of sharks, is

doubtless due to their following theii- prey in packs.

The remaining genera to be mentioned of the family have the teeth acute, and

with sharj) edges. The genus Galeorhinns, or Galena, frequents the warmer waters.

G. galeus is called tope in England ; it extends its range to Tasmania and Californin,

but has not yet been found on the east coast of the United States. In California it

is common, and has received the common name of oil-shark. It proves itself a nui-

sance to the fishermen, since it not only takes the bait itself, but drives away the

other fishes. The topes are small sharks. The species of Galeocerdo are larger. G.
' tigrinus occurs on both Atlantic and Pacific coasts, and derives its common name

tiger-shark from its variegated coloration.

The genus Carcharinics embraces the blue-sharks, the sharks of story. The species

are numerous, especially in the warmer seas, and if we take the genus in its wider

sense, it embraces about forty nominal species. The genus may be separated from

the rest of the family by the serrated well-developed teeth, and the absence of a

spiracle. The great blue-shark, C. glaucits, is the best known of the genus ; it ranges

through all the seas, and occasionally occurs on the coast of the eastern states, as well

as on the Californian shore. In size it commonly reaches a length of about fifteen

feet, but individuals twenty-five feet or more in length are sometimes seen. It is blue

above, and white beneath. The v.-hite-shark, C. vulgaris, is even larger, a specirnen

thirty-seven feet in length, having been known. Its color is grayish-brown above, and

white below. It is an inhabitant of the tropical seas, and is but rarely seen in tem-

perate zones. More common on our coasts is the dusky-shark, C. obscurus, which

rarely exceeds ten feet in length, and, like the great blue-shark, is blue above. An
important difference exists in the position of the dorsal fins in the two. In C. glaucus,

the dorsal is midway between the pectorals and ventrals, and in the dusky-shtirk, it is

placed close behind the root of the pectorals. These facts, as well as the existence of

a placenta, have led Dr. Gill to separate it and a few other species, as a distinct genus,

Mulamia.

The species of Carcharinus share with the species of Carcharodon the name
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man-eater shai-ks. "We need but refer to their well-known habit of following ships

for weeks, feeding on the refuse that may fall overboard, and not hesitating to swal-

low any object, however impalatable or indigestible, that may come in their way.

Their voracity is unbounded, and they swim with great velocity. Their cartilaginous

skeleton gives the body great flexibility, and the tail can be bent, unlike that of the true

fishes, into a compound curve. Did space allow, we could retnil many a story of their

omnivorous appetites. In the stomach of a white-shark was found a tin can, a num-
ber of mutton bones, the hinder quarters of a pig, the head and fore quarters of a

bull-dog, a quantity of horse-flesh, and other and smaller things— as the auction bill

says— too numerous to mention. Possibly the most interesting case is the following,

with which we must close our account. The story is well authenticated. A British

cruiser was following a suspected slaver off the African coast, but, on overhauling her,

nothing was found to implicate the vessel in any illegal practice. A white-shark was
caught about this time, and in its stomach were found the slaver's papers, which had

been thrown overboard, and which conclusively settled the guilt of its owners and

officers. On long voyages, a favorite amusement to while away the time is fishing for

sharks. A large hook is fastened to a jjiece of chain, and baited with pork or other

meat. This the shark usually swallows in a hurry. When hauled on board, the work
is not done ; his tail, as well as his teeth, are formidable weapons. One of the bolder

sailors usually rushes quickly up, and, with a sudden blow with a hatchet, cuts the

body just in fi-ont of the caudal fin, which puts an end to danger from that source.

The meat of these large sharks is usually described as coarse and unpalatable. Tlie

whalers, however, like it, and describe it as much like that of halibut. Possibly, tlieir

long diet of salt meat contributes to their appetites.

The ScYLLiD^ have an anal and two dorsal fins, the latter without spines; the

first dorsal is above or behind the ventrals, the teeth are small, and those of several

rciws are generally used at the same time ; there is no nictitating membrane, and a

spiracle is well developed. The species of the typical genus Scyllium, share with

Squalus the common name dog-fishes, but this introduces no little confusion, since the

two are so different, and hence the term roussette is perhaps j^referable. The rou-

settes, unlike the dog-fish, are oviparous, their eggs being enclosed in quadrangular

horny cases, prolonged at each corner into a long filament, which coils around sea-

weeds and other submarine objects, and thus anchors the egg.

Our only species of Scyllium is the swell-shark, S. ventricosum, of the west coast

of Mexico. This species is jieculiar in that, when caught, it swallows air like a scul-

pin or a sea hedgehog (Diodon), until its diameter equals a third of its length. The

cat-shark, and dog-sliark, S. catulus, and aS*. caniculu, of European seas, are handsome

species, reddish in color, and spotted with numerous brown blotches. They are great

enemies of the herrings. They are found most abundantly among the Orkney Isles,

and are there used to a considerable extent as food. Their flesh is very white, but

dry. The fishermen split them ojjen, and dry them, in much the same manner as

they would a cod-fish. This species also furnishes most of the shagreen used by cabi-

net-makers.

The genus Stegostoma is noticeable from the fact that its only species, S. tigrinum,

is one of the most beautiful sharks known. It roaches a length of about fifteen feet,

and is brownish yellow, over which are laid black or brown transverse bands, or round

snuff-colored spots. It is one of the most common species in the Indian Ocean, and,

from its ornamentation, has received the common names zebra-shark and tiger-shark.
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The Squatinid^;, or angel-sliarks, embraces forms whicli closely approximate the

rays in appearance. They have a flattened body, with very large pectoral fins, which

project fur out on either side, giving the whole a rhomboidal appearance ; behind the

pectorals are two dorsal fins ; the moutli is at the end of the head, and the lateral gill-

clefts are partially concealed by the base of the pectoral fin.

The angel-fish or monk-fish, Squatina angelus (or Rliina squatind), is found in

almost all the temperate and tropical seas. It grows to a lengtli of about fi^-e feet,

and frequents the bottom, where it feeds upon fishes, rays, and the like. It is remark-

ably voracious. It brings forth its young alive, sometimes to the number of twenty

at a birth. The time of reproduction is not settled ; some say it is in the sjjring,

others in the fall ; both may be true. The name angel-fish is only appropriate if we
regard the pectoral fins as wings ; in all other respects the appearance is anything but

angelic.

Order II. — EAI^.
As was said on a previous page, when ti-eating of the sharks, the only prominent

constant character separating the sharks and skates was to be found in the position

of the gill-clefts ; lateral in the one, ventral in the other. Besides this, however, there

are several others which are more or less constant, and really of more importance than

this one. Among these we may mention tlie flattened, depressed body, from which

the broad, expanded pectoral fins are scarcely distinct, while the tail is usually long

and slender, and appears as an appendage, rather than an integral part of the whole.

There are no anal fins, and the dorsals, when present, are confined to the tail. The
skeleton of the pectoral fins is united to the skull by cartilage, and the median arti-

cular facet between the skull and the first vertebrte is lacking.

So far as is known, all of the rays are carnivorous, but onl)- the shark-like forms

(saw-fishes and the Rhinobatidae) actively pursue their prey. These forms are strong

and rapid swimmers, but the true rays live on the bottom, and swim solely by the un-

dulations of the edges of the pectoral fins, as is sliown in the upper figure of Maia
batis, on page 86. These must perforce live on shell-fish, crabs, flounders, and other

forms that frequent tlie bottom, and for this the mouth is Avell fitted. It is placed on

the ventral surface, so that, were it not for a capacity of movement of the jaws, it

could not readily take its prey The ray swims rapidly over a fish, and then settles

down upon it, holding it from escape with its broad body; then, by suitable muscles,

the jaws are protruded beyond the rest of the surface, and the object is taken in.

The statement often made, that the prey is not directly seized l^y the jaws, is not cor-

rect of some— if, indeed, of any— of the species. The difiiculty of observing their

eating habits has caused the mistake.

According to Dr. Gtinther, the rays do not frequent deep waters, only one having

been known to occur in water over a hundred fathoms in depth. This exception was

said to have been dredged in 565 fathoms by the 'Challenger' expedition. About one

hundred and fifty species are known, but none of these have a geographical range to

compare with that of many sharks. They are more restricted, and almost all of them

may be considered shore forms, only the eagle rays being found far from land. The
rays are not confined to salt water, but several forms, esjiecially in South America,

occur in fresh water far inland.

Most of the species are usually said to be ovi]iarous, but, according to Dr. Gill,

about three quarters of the known species bring forth their j'oung alive. The eggs
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have the same square appearance, with long filaments at the corners, as was described

on a preceding page, for Scyllium. The eggs are not infrequently thrown up upon

the beaches, and have the common name sea-purses. In England the term ' shark-bar-

rows ' is in common use, from their diminutive resemblance to a hand-barrow. The de-

velopment of the rays has been studied by several, but the paper by Jeffries Wyman
is the best known in America. In the earlier stages the young skate is much like a

shark, and the enormous development of the pectoral fins, and the assumption of the

ray form, does not occur until nearly the time of hatching.

Most curious of all the rays are the saw-fishes (Peistid^) so abundant in the tropical

seas. In general appearance, they closely resemble the Pristophoridae among the sharks

;

they have a shark-like body, while' the snout is horizontally flattened and projects far

beyond the mouth. On the edges of this snout, stout teeth are inserted, so that the

resemblance to a saw is all but complete. The saw-fishes are among the most formidable

of the order, for this singular weapon places all the other large inhabitants of the sea

at their mercy. With it, the saw-fish cuts and slashes, tearing off pieces of flesh, or rip-

ping open the abdomen of its opponent. The saw is sometimes very large, reaching

a length of six feet, and a breadth of twelve inches. The teeth of the jaws are so

small as to unfit the animals for a predacious life, were it not for the saw. The pieces

which-this tears off are readily swallowed. The saw-fish is a great enemy of the whale.

Five sjjecies of the single genus Pristis are known ; distinguished among
each other, among other points, by the number of teeth in the saw. P. pectinatits,

with twenty-five to twenty-eight pairs of teeth, occasionally occurs on our southern

coasts and in the Gulf of Mexico, occasionally ascending the lower Mississippi. P.

antiquoruni occurs in Lake Nicaragua as well as in the tropical oceans. The

saw-fishes are viviparous, though but little is known of their development. The saw

and its teeth are developed before the young leaves its mother's body. The flesh of

the saw-fish is coarse and unpalatable, though it is occasionally used as food in time

of need. The shagreened skin is put to the same uses as that of sharks.

The RhixobatiDjE are also somewhat shark-like, the anterior portion of the body

not showing that excessive development to be found in the other families of the order,

and the pectoral rays are not continued to the snout. The tail is large and strong,

and bears two dorsals and a well-develojjed caudal fin. All bring forth their young

alive. It contains some fifteen or twenty species, inhabiting the warmer seas. Our

fauna contains four species, all belonging to the genus Phinohatus, three on the west

coast, and one in the waters around Florida. They are not well known.

The interest in the family Toepedinid^ centres in their electric powers. As we
shall see farther on, they are not the only vertebrates capable of generating electricity,

and, in fact, they are less celebrated in this line than are the electric eels of South

America. Still their powers in this respect are not to be despised. The torpedos

have a broad, smooth, disc-liko body, from which arises a stout tail, with a longitudinal

fold on either side; usually a dorsal, strengthened by rays, is present, while a caudal

always occurs.

The electrical organ consists of two large masses of hexagonal prisms, looking

much like the comb of the honey bee, placed one on either side, between the head and

the pectoral fins, and covered by the integument. The prisms are vertical, and each

is divided by transverse partitions into a number of cells. Lining the inside of the

cells is a layer of connective tissue, which bears the nerves and blood vessels ; inside

of this a nucleated epithelium, and within this a clear, transparent, almost jelly-like
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fluid. The nervous supply is very large, the nerves which run to the organs being

enormously developed. Each organ receives one branch of the trigeminal, and four

branches of the vagi\s, ncr\es. Tlie number of prisms is very large, nearly five hun-

dred having been counted in a single organ. These electric organs have been exten-

sively studied, and the evidence goes to show that they are composed of extremely

modified muscles. This is shown not only by their anatomy and development, but by

their physiological action. Says Dr. Gilnther :
—

Fig. 64.— Raia batis, common European skate, and Karcacion 7na}^moi'ata, spotted torpedo.

"The phenomena attending the exercise of this extraordinary f.aculty also closely

resemble muscular action. The time and strength of the discharge are entu-ely under

control of the fish. The power is exhausted after some time, and it needs repose and

nourishment to restore it. If the electric nerves are cut, and divided from the brain,

the cerebral action is interrujited, and no irritant to the body has any effect to excite

electric discharge; but if their ends be irritated, the discharge takes place, just as a

muscle is excited to contraction under similar circumstances. And, singularly enough,
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the application of strychnine causes simultaneously a tetanic state of the muscles, and
a rapid succession of involuntary electric discharges. The strength of the discharges

depends entirely on the size, healtli, and energy of tlie fish ; an observation entirely

agreeing with that made on the efficacy of snake poison. Like this latter, the property
of the electric force serves two ends in the economy of the animals which are en-

dowed with it ; it is essential and necessary to them for overpowering, stunning, or

killing the creatures on which they feed, while incidentally they use it as the means
of defending themselves from their enemies."

The current of electricity generated by these organs will deflect. or magnetize a

needle, and decompose iodide of pot:issium, while, when favorably arranged, it can be
made to produce a spark. To get a shock, one needs to complete a circuit just as with

a galvanic battery or a Leiden jar. The dorsal surface of the organ is positive, the

ventral negative. The discharge from a large individual is sufficient to temporarily

disable a man, and were these animals at all numerous they would prove dangerous to

bathers.

Some six genera and about fifteen species of torpedos are known, but only t\\o

genera, Narcacion (= Torpedo), and Narcine, occur on our coasts. JVarcacion occiden-

talis is occasionally found on tlie Atlantic coast, both north and south of Cape Cod,

and has recently been found in European' waters. It is almost black above, and white

below, and reaches a length of nearly five feet. A second species, Narcacion cali-

fornica, occurs around San Francisco. Besides N. occidentalism three other species

occur in the waters of Europe, iVi niarmorata being the most common.
From Narcacion, the genus Narcine is separated, among other characters, by the

fact that it has the second dorsal the larger, and the spiracles very near the eyes. Nar-
cine braziliensis ranges from Florida to Brazil, the northern forms showing some
\'ariations in color, which have led to the creation of a varietal name {corallind) for

them.

The typical family of rays is the EAiiDiB, all the members of which are oviparous.

Their numbers are greater in temperate than in tropical seas, and the northern hemi-

sphere contains many more species than the southern. All agree in having the body broad
and rhomboidal in outline, and the pectoral fin continued to the snout ; on the sides of tlie

tail is a lateral fold like ihat in the torpedos, but, unlike these forms, an electric organ

is absent, and usually the skin is roughened with granulations or sjjines. Four genera,

and about fifty species, are known from the existing seas; the genus Raia alone is

represented on our shores. Of the nearly forty known species of this genus, nine

species occur on the east coast of the United States, and six on the west. They all

have the tail distinct from the trunk, the caudal fin rudimentary or absent, the pectoral

fins of the opposite sides not united across the snout, and the pectorals deeply notched.

The skin is more or less spiny, and the teeth differ with the sex.

The rays, or skates, as they are variously termed, are bottom-feeders, swimming

slowly along just above the sand or mud. They readily take the hook, and are fre-

quently caught, though little or no economic use is made of them on our eastern

coasts. They are, in reality, an important source of food, neglected, like many other

products of the sea, by the inhabitants of the United States. The fisherman, when

he catches a skate, jabs a boat-hook or pocket-knife through it, and throws it over-

board. To him, it is an ugly creature that steals his bait. In Euiope, and among

some of our foreign population, skates ai-e more highly esteemed, the fins being deemed

the best portions.
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Any detailed description of our species would prove dry reading. The most com-

mon species on the east coast is Haia eriiiacea, which, for some vague reason, is called

among other names, the ' tobacco-box.' It rarely exceeds two feet in length. 21.

eglanteria, the brier skate, has the spines on the bod\- and tail very sharp. Haia Icevis,

the smooth skate, oi- barn-door skate, is

our largest east-coast species, reaching

a length of four feet. In the young the

surface is spiny, but in the adult it is

nearly smooth. The largest of all the

American sjDecies is R. binocnlata, of the

Pacific coasts, which grows to be six feet

in length ; its egg cases are proportion-

ately large, measuring nearly a foot in

length. More common in California is

the smaller R. iuornata.

The family Tetgonid^ embraces the

sting-rays, so-called from the spines borne

on the base of the tail of some species,

which are capable of inflicting a severe

wound. These spines are the representa-

tives of the dorsal fin, which is otherwise

absent. The most anterior spine is the

functional one, and is used for offence

and defence. In the larger species it

may grow to be eight or nine inches long,

and is armed with barbs or serrations like

the teeth of a saw. As the teeth wear

out, the spine drops off, and is replaced

by the next one behind ; the succession

recalling that occurring in the teeth of

the Plagiostones. These barbs cut their way through the skin and flesh, the wound
they produce being very painful, swelling up as if poisoned. No trace of any poison

glands has been found, but it is probable that the mucus of the surface of the fish

possesses jjoisonous qualities, as it does in the case of the horned-pout, the weaver fishes,

and many of the Scorptenids.

Besides this character, the Trygonidse may be recognized by having the pectoral

fins confluent across the snout, no lateral folds on the long and slender tail, and the

pavement-like teeth usually more or less pointed or tubercular. There are about ten

genera, and about fift}- species, mostly

occurring in tropical sens, compara-

tively few straying into the more tem-

perate waters. Some occur in the

fresh waters of Central and South

America. All are ovoviviparous.

FIG. 66. - Spines of sting-ray.
Most common On Our coasts are the

species of Dasi/batiis (= Trygon), the

fauna of the United States embracing six of the thirty known species. In the young

stages the skin is frequently smooth, but with growth it becomes more or less spiny

Fig. 65.— Rala Icevis, smootla slcate, barn-door skate.
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or jji'ickly. The single known species of TJrogymnus
(
JJ. asperissimus) oocurs in the

Indian Ocean. " The skin is frequently used for covering shields and the handles of

swords and other weapons, its rough surface offering a firm hold to the hand." The
Chinese also use the skin in some of their ornamental work ; they dye it with some
color, and then polish the surface, grinding off the asperities. The pattern thus pro-

duced is very handsome, the bony plates and intervening tissue producing a mottled

appearance. The genus Potcmiotrygon contains the fresh-water rays of tropical

America. The species of XIrolophus have the body more or less circular in outline;

one species, TI. torjjedinis, occurs sis far north as 'New Jersey, and two others are found
on the Pacific coast of the United States. They have the serrated spine at the base of

the tail well developed.

The eagle-rays and sea-de\ils (MvLiOBATiDyE) have a verj' broad disc and a pecu-

liar development of the fins. The pectorals stop short of the snout, and then reap-

pear as ' cephalic fins ' at the extremity of the head. In some, these take on almost

the character of limbs, are flexible, and are said to be used in scooping up food from

the bottom, and transferring it to the mouth, which lies between and behind them.

All liave the teeth flat and pavement-like, without cusps or tubercles (exce2:)t in the

sea devils), forming a perfect mill for crushing shells and crabs. The species mostly

occur in troiiical and semi-tropical waters ; they bring forth their young alive. The
largest species belong to the genera Dicerobatis and 3fanta. " Some of them, if not

all, attain an enormous size. One mentioned by Risso, taken off Messina, weighed

1250 pounds. Several observers speak of having seen them in pairs, the male being

usually the smaller. Of a pair mentioned by Risso, the female was first taken, and the

male remained hovering about the boat for three days, and was afterwards found floating

dead on the surface. Still larger individuals, but of uncertain species, are mentioned

by Lacepede, who says that one taken at Barbadoes required seven yolk of oxen to

draw it. A sketch of another, which was said to be twenty feet long, was sent to

Lacepede ; and Sonnini speaks of one which appeared to him to be longer and wider than

the ship in which he was sailing. A fostus taken from the uterus of the mother captured

at Jamaica, and preserved in the British Museum, is five feet broad, and weighed

twenty pounds. The mother measured fifteen feet in «-idth, as well as in breadth,

and was between three and four feet thick. The cajoture of 'devil-fishes' of such

large size is attended with danger, as they not rarely attack and capsize the boat.

They are said to be espiecially dangerous when they accompany their young, of which

they bring forth one only at a time."

In the waters of tropical America, in both Atlantic and Pacific, and ranging as far

north as North Carolina and San Diego, occurs the monstrous Manta birostra,

probably the same species as that mentioned above from Jamaica and Barbadoes. It

has been described under various names, some of which are indicative of its unenvi-

able reputation. Such are Diabolichthys and Vampyriis, while the generic name Man-

ta (a blanket) is a " name used at the pearl fisheries between Panama and Guayaquil,

to designate an enormous fish much dreaded by the divers, whom it is said to devour

after enveloping them in its vast wings."

The species of Myliobatis, Stoasodon (=^tobaHs), and Bhinoptera are much

smaller than the sea-devils ; still, some reach a considerable size. Like them, they have

a long slender tail, like a whip-lash, but the teeth are much larger, and never tubercular.

Each of these genera are represented on our coasts.

J. S. KlNGSLBT.
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Class Y.— PISCES.

Comparatively recent investigations show that the old group of fishes, the Pisces

of the older systematic works, needs to be dismembered. Forms like Amphioxus and
the lampreys are fully as different from the ordinary types of fishes as are the Batrachia

from the reptiles, or the latter from the birds. But exactly where or what lines shall

be di-a\vn, science has not finally determined. For the present, however, it seems best

to resti-ict the term fishes or Pisces (its Latin equivalent) to the series of forms em-
bracing the great majority of forms now living, which have the following characters

in common :
—

The skeleton may be either cartilaginous or hardened by the deposition of salts of

lime in its tissues. The skull is well developed, the bones or elements of which it is

composed are united by sutures, and a lower jaw is present. The gills are normally

four in nnniber, and are borne on bony arches. The water, after passing though the

mouth and over the gills, goes ovit through a single slit on either side. The body
is usually covered with scales, and on the heads of some membrane-bones are devel-

oped. Both median and

paired fins are usually pres-

ent. Normally, and in the

young, the former forms a

continual fin around the

body, beginning behind the

head, passing back around

the tail, and forward on the

ventral surface as far as the

Fig. 67.— Fins of a fisli ; a, anal; c, caudal; rf.dorsal; yj, pectoral; i?, ventral.
(The first three are known as median, the others as paired fins.)

vent ; but usually it is, in the adult, broken up into several portions, known, according

to their position, as dorsal, caudal, and anal fins. The paired fins are alwajs in

two pairs, corresponding to the two pairs of limbs of the higher vertebrates. Those

representing the fore limbs are called the pectoral, those homologous with the hind legs

are known as the -N^entral fins. The brain is larger than the rest of the nervous system,

and is divided into three portions, the fore, mid, and hind brains. A well-developed

heart is present, consisting of an auricle, a ventricle, and a bulbous arteriosus, the

latter having a varying number of valves in its interior.

Of the Pisces, two divisions are usually recognized, the ganoids and the tele-

osts. In some respects one, in others the other, of these seems to be the more

highly differentiated, though it is evident that the latter have deviated the more

widely from the primitive stock from which the other types of vertebrates have arisen.

With this uncertainty before us, it is of little importance which we take up first, and

so, from convenience, we begin with the Ganoidea.

Sub-Class I.— Ganoidea.

The ganoids receive their name from a Greek word meaning splendor, in allusion

to the enamelled armor with which.most of them are encased. As first defined it em-

braced several forms now recognized as teleosts, a mistake arising from the fact that
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all fishes were divided into four groups, ctenoids, cycloids, placoids, and ganoids, based

on the character of the scales. When, however, a single fish was found bearing on

its body two of these types of scales, the artificiality of this basis of classification

was at once recognized, and to-day only the term Ganoidea remains as a memento
of the former ideas. To-day it is not one single character which is used to define

the group, but all known facts of structure and development, and even then its

limits are far from well defined, especially in the direction of the teleosts. Indeed,

but one single character can be adduced to separate every ganoid from every teleost

;

the presence of a spiral valve in the intestine in the former, and its absence in the

latter, and even this does not hold good in all cases, for, besides being found in the

lampreys, which we have passed, and in the sharks, which we have yet to study, it

exists in but a rudimentary condition in Amia and Lepidosteus. All the other char-

acters mentioned below have an exception somewhere.

The external surf;uo is but rarely Jiaked, but is usually covered with bony scales or

plates, which in the sturgeons are large and separate, but in the shovel-nosed sturgeons

they form a solid coat of mail envelojDing the tail. Frequently the scales are rhomboidal

in outline, but in some they are round and much like those of the teleosts. In some

the skeleton remains almost entirely cartilaginous, but in others ossification sets in to

a greater or less extent. Thus in some the cartilaginous skull is protected by mem-
brane bones, and the framework of the jaws is hardened. In others the ossification

extends to the vertebras and to other jjarts. The jjectoral fins usually are well devel-

oped, and in the fossil forms attained a peculiar development. The caudal fin is usually

heterocercal, that is, the vertebral column extends into the uj)per lobe, the lower lobe

remaining much smaller, but in others the two lobes are equal. This point was for-

merly much emphasized in the arrangement of fishes, as in the young teleosts a hetero-

cercal condition was noticed which disappears in the adult. Mr. Ryder has recently

explained, on mechanical grounds, the causes of the heterocercal condition. Frequently

one or more of the fins are armed in front with a series of overlapping sjiiny plates,

known as fulcra. The existence of these in a fossil is of great value in determining

its relationshijjs, and one author has said that " every fish with fulcra on the anteiior

margin of one or more fins is a ganoid."

The heart is furnished with a bulbus arteriosus, which pulsates and is internally

furnished with a number of valves, the purpose of which is to prevent the blood flow-

ing back during the pause in the beat. An air-bladder is present, and is furnished

with a duct leading to the oesophagus. The optic nerves do not simply cross, as in

the teleosts, but unite to form a chiasma like that occurring in the higher verte-

brates.

The ganoids are an ancient grou]), well develojied in the paleozoic rocks, but now

dying out. The fossil genera are numerous, and the species frequently highly differ-

entiated, but to-day only eight genera and between thirty and forty species comprise

the ganoid fauna of the world. With its great antiquity and generalized condition,

the group presents resemblances to many otliers. On the one hand some of its mem-

bers approach the Holocephali among the Elasmobranchs, while, on the other, forms

like Amia show a distinct teleostcan tendency. Still others appear to reach out

towards the lung fishes.

Seven orders of ganoids are recognized, three of which, Acanthodini, Placodcrmi,

and Pycnodontina, are extinct. They appeared ip the Silurian and Devonian rocks,

and repi-esented the ichthyc type in the age of fishes.
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Order I.— ACANTHODINI.

This order seems to rejjresent the connecting linlcs between the ganoids and the,

Selachii, or sharks and skates. The forms belonging to it (embracing the genera

Accmthodes, Chiracaiithits, Diplacanthus, etc.) iiourished in the Devonian and car-

boniferous periods of geological history. They had cartilaginous skulls, heterocercal

tails, rhomboidal scales which were so small that they gave the exterior a shagreened

appearance, and before each fin they were armed with a large spine.

Oedee II.— PLACODERMI.

The members of the Placodermi (or, as the order is sometimes termed, Phractoso-

mata) were armored fishes, which had the head and thoracic region enclosed in great

bony plates, the external surface of which was variously sculptured. These jilates

were closely united, so that the whole formed a peiiect protection to the viscera. In

some the tail was naked, but in others it was covered with ganoid scales. The armor

also extended to the pectoral fins, which in some forms were so enclosed in the hardened

plates, jointed for motion, that they resembled the appendages of a crustacean. The
bodies of the vertebrsB were not ossified. These fossils are found in the Silurian and

Devonian rocks, and are the oldest vertebrates whose remains are known to the geol-

ogist. Some of the forms were very large. J*/;; /c/ii/iys, a genus from the Devonian

strata of Ohio, reached a length of from fifteen to eighteen feet, while Astro-

lepin, from the corresponding rocks of Europe, measured between twenty and thirty

feet. Some doubt exists regarding the position of Dinic/tt/iys ; Professor J. S. Xew-
buvy, from a consideration of the teeth, regarding it ns related to the lung-fishes

(Dipnoi). Two families are recognized, the first, Ptekichthid^, having tlie head

covered by several bony plates, the other, the Cephalaspid^, having but a single

large j^late in the same region.

Okdee III.— CHOKDROSTEI.

The sturgeons first appear in rocks of the eocene age, and hence, so far as we
know, are the latest group of ganoids to ajjpear. They are distributed through the

waters of the northern hemisjjhere, only four genera and less than twenty-five species

being known. In all the skeleton is largelj- cartilaginous, and the notochord persists

through life ; the skull is cartilaginous and covered with membrane bones. The skin

in some is naked, in others it is covered with bony plates in the place of scales. The

tail is heterocercal, and the caudal fin is armed in front with the bony spines or scales

already described under the name fulcra. Two families (by some regarded of higher

rank, and called Selachostomi and Glanostomi) exist at the jjresent day.

In the Acipexseeid^ we find fishes with elongate bodies protected with five rows

of large bony plates, one running along the dorsal line of the body, one on each upper

lateral and each lower lateral surface. Each plate has a longitudinal ridge or carina

crossing its middle, and terminating in a more or less acute spine. Between these

large plates are smaller irregular plates, which render the surface rough. The snout

is flattened and extends to some distance in front of the mouth, and from its lower sur-

face hang down four flexible filaments or barbels, arranged in a transverse row. These
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barbels are somewhat like those of the horned pouts (Siluridse), whence the subordinal
name, Glanostomi, referred to above. The small transverse mouth is toothless, and can
be jjrotrud ed for the purpose of feeding.

The genus Acipenser embraces the sturgeons, the largest fishes found in fresh water.
It is distinguished from the only other genus by having a flattened conical snout, a spi-

racle above each eye, and by having the five rows of bony plates distinct throughout.
Seven species of sturgeons are found in the waters of the United States. First to be
mentioned is the common sturgeon, Acipenser sturio, which is also found in the seas

and rivers of Europe. In the older works it is called A. oxyrrhynchus, but the differ-

ences between specimens from the two shores of the Atlantic are slight. On our coast

it ranges south to Florida. In color it is grayish brown above, silvery on the lower
part of the sides, and white beneath. In the European seas this species attains a length
of eighteen feet. Next in order comes the A. transmontMius of the Pacific coast

south to Monterey. It sometimes weighs six hundred pounds. In the Mississippi and
its tributaries, as well as in the great lakes, occurs the lake sturgeon, Acipetiser ncbi-

cuiiJa/s, a much smaller species than the two just mentioned. According to Gunther this

species is sometimes found on the coast of Europe, but as a rule it does not usually

descend to the sea. A large specimen will weigh one hundred pounds.

All of these species, as well as those of Europe to be mentioned below, are used to

a varying extent as food, but the green sturgeon (A. medirostris) of the Pacific coast,

a large species, has the reputation of being poisonous. The sturgeons have mostly a

migratory habit like the salmon, ascending the rivers for the purposes of reproduction.

At times they are very numerous in the Hudson, and their reddish-colored flesh

is in a jocular way spoken of as ' Albany beef.' Still, the flesh of the common sturgeon

is not extensively used as food on the Atlantic coast. In the central region A. rubi-

cundus is used somewhat more, while the Pacific sturgeon, caught in the Sacramento
and Columbia rivers, is brought to market in considerable quantities.

Of the European species, the sterlet (Acipenser riitheniis), the bielaga, huso, or

hausen {A. huso), the common sturgeon {A. sturio), and a fourth form, the osseter

{A. yaldenstmdtii), are the best known. Largest of these is the huso of the rivers

falling into the Black and Caspian seas, which sometimes reaches a length of twenty
or twenty-five feet, and a weight of nearly three thousand pounds. In the early

spring, when the ice is still in the rivers, the huso leaves the sea to ascend the streams.

Across the Volga and other streams the fishermen drive long stakes leading to a trap,

tlie whole resembling an eel weir on a large scale, except that the apex of the angle is

turned up stream. To warn themselves of the approach of the fish, the fishermen

suspend bobs in the water, the motion of which is of course an indication of their

presence. The sterlet is a much smaller species, only about three feet in length, but

it is very highly prized on account of the delicacy of its flesh. In Europe the

common sturgeon occurs only in the west, those found in the Thames being regarded

as a royal fish and reserved for the table of the sovereign.

Not only is the flesh esteemed a delicacy by many, but from the roes (ovaries) the

celebrated caviare is prejDared. This can be made from the eggs of any species, but

that of the sterlet is the most highly esteemed, and is supplied to the table of the

Tzar. The roes are taken from the female fish, washed with vinegar, salted, and dried.

Tastes differ as to the palatability of this dish ; to some it is a great delicacy, while

others regard it in a greatly different esteem. Indeed, the word has passed into a

proverb, and through Hamlet, Shakespeare says, " 'T was caviare to the general." One
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fact may partially account for this difference in tastes. Caviare is not all of equal

quality; in some the eggs have reached a greater or less extent of decomposition

before drying. The annual amount of caviare put on the market is almost incredible.

The Caspian fisheries alone have in one year produced over two hundred tons. The
size of the roes is enormous, comprising nearly a third of the weight of a ripe female.

Another valuable product of the sturgeon is isinglass, which is merely the dried air

bladders. It is prepared by cutting open the bladders and stripping the silvery

gelatinous skin from the rest, and drying it.

The ancient Romans highly prized the flesh of the sturgeon, and it figured on the

tables at all the great feasts. It cost enormous prices, and Cicero rebuked the

epicures for spending such sums on a fish. As a contrast, it might be stated that at

the time of writing, a sturgeon sent from Newburyport to Boston could not find a

purchaser, no one caring for its flesh.

The only other genus is Scaphir/ii/nchops, the shovel-nosed sturgeons, in which no

spiracle is jiresent, and which has a flattened spade-lilce snout, while the bony plates

run together on the tail. I'our species are known, three from Asia, and one {&'.

platyrrhynchus) from the Mississippi valley, and the western and southei-n states. It

reaches a length of five feet.

The sturgeons, though without teeth, are carnivorous, feeding mostly on other

fishes. Their protrusible mouth and large size renders it an easy task to swallow an

ordinary sized fish whole. The development of the sterlet has been followed by
Salensky, a Russian naturalist. It follows a type in some respects intermediate

between the teleosts and batrachians. A large amount of yolk is present, and on this

the young fish lives for three weeks. The segmentation is total but irregular. In the

larva, horny teeth are developed on the gums and gill arches, but the}' disappear after

three months. The median fin is at first continuous, but afterwards becomes divided

into dorsal, anal, and ventral fins.

, The family Polyodontid^ has a distribution like the last. Two genera only are

known ; one, Polyodon (or Spatukiria) is represented by a single species in North

America; the other, Psephurus, occurring in China. Both have the body naked, or

covered with minute, star-shaped bony plates ; the snout is very long and shovel-like,

being flattened horizontally, and extending to a long distance beyond the mouth; the

mouth is large, and provided with minute teeth in each jaw. These peculiarities are

referred to in the name Selachostomi (shark-mouthed) which is sometimes used for

the grou]).

Polyodon spatida is the paddle-fish, spoon-bill cat, or duck-bill cat of the Missis-

sippi valley and the southern states. It has the paddle terminating the snout broad,

and forming from a fifth to a third of the total length of the fish, which may reach fi\'e

or six feet. It frequents the muddy bottoms, stirring up the soft ooze with its paddle,

and eating the worms, crustaceans, and other organisms which it contains. PsepJiurus

likewise contains but a single species, P. gladius, which has been found only in the

rivers of China. Its habits are much like those of the paddle-fish, but it is much larger,

sometimes reaching a length of eighteen feet. Both genera are confined to fresh water.

Oedee IV.— PYCNODONTINI.

The Pycnodontini (or Lepidopleurini, as it is sometimes called) is an extinct group

whose members ranged from the carboniferous to the early tertiary rocks. These
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fishes had a short and vertically flattened body, much like that of the chsetodonts of

the present time, but covered with rhomboid enamelled scales and jDeculiar dermal

ribs (called pleurolepida), which covered either the whole body or only the anterior

portion with a sort of lattice-work. The tail was either homocercal or heterocercal.

Three families, Platysomidte, PLBUEOLEPiDiE, and Pycnodontid^, containing

numerous genera, have been described, but do not need characterization here. Their

geological appearance corresponded with the order in which they are mentioned.

Okdee v.— CROSSOPTERYGIL

Only two living genera, I'olyptenis and Calamoichthys, represent this order in the

existing seas, but in former times the genei-a were many ; these fossils are now arranged

in five families, while the two genera just mentioned constitute the sixth (Polypxeki-

D^) of the order. All of these forms, recent and fossil, agree in the following char-

acters: the caudal fin is usually diphycercal, the dorsal divided into either two

large or many small divisions, the pectorals and ventrals have a scaly axis, and fulcra

are absent from all. The throat is protected by two large plates, to which occasionally

Fig. 68-— Polypterus Hchi/r, bichir.

smaller lateral ones are added. The scales covering the body may be either thin and

cycloid in character, or thick and rhomboid, Uke those of most ganoids. Some of the

fossil forms, like Ctenodus and Bipterus, approach the lung-fishes the most closely of

any members of the sub-class.

The two living genera, as we have just said, belong to one family. They have

rhomboid scales, a long, many-divided, dorsal fin. The mouth is placed at the end of

the body, and above it are two barbels. In Polypterus, ventral fins placed far back

are present, but in the long and slender Galamoichthys none are present. The best

known species is the bichir {P. Uchir) of the upper Nile and other African rivers. It

reaches a length of about eighteen

inches, and is regarded as a valuable

food fish, in fact the best that the river

affords. In the system of Cuvier, the

bichir was placed among the bony

fishes, in the vicinity of the herrings.

One of the most interesting features ^,^.^^._Yo^^^^^;;^^^^^^^^':^;^^^xy.
connected with the fish is that, in the

young, external gills are present. Two other species, P. senegalensis and P. endlicheri,

are known. All live in the deeper pools, and apparently bury themselves in the slime

and ooze on the bottom, where they feed on fishes and other aquatic animals. The

nasal cavity is very complicated, a labyrinth being formed by five parallel passages,

each of which contains a gill-like fold. Nothing similar is known in other fishes. Of
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the development of the bichir and its allies, we know nothing. The single species of

Calamoichthys, C. calabaricus, as its name indicates, comes from Old Calabar, West
Africa.

Oedeb VI.— GINGLYMODI.
The gar-pikes present an approach to the bony fishes in many respects. They

ha^e a bony skeleton, the bones of the fins rudimentary, the spiral valve of the

intestine poorly developed. The body is covered with closely placed rhomboid scales,

and the shingle-like fulcra are present on the fins. The vertebrae are convex in front

and concave behind, forming ball and socket joints, the tail heterocercal, and the

ventral fins are between the pectorals and anal.

The family Lepidotid^ was almost entirely confined to the mesozoic strata, only

Fig. 70*— Zepidosteus osseus, gar-pike.

a few, like Pakeoniscus, extending back into the carboniferous. The Lepidosteid.e

appeared in the Laramie or fresh-water cretaceous, and to-day only three or four

species exist, all confined to our continent. The gar-pikes are all long and slender

fishes, covered with hard scales laid on in oblique series, forming a very hard

armor. The external bones of the skull are hard and roughened, and the beak is

long and flattened, the upper jaw being longer than the lower. The dorsal fin

is small, and placed very far back upon the body. In the degree of development of

the air bladder and the gills, the gar-pikes are very like the lung-fishes. The
bladder is divided up into a number of cellular cavities, recalling at once a rudi-

mentary lung, and communicates with the oesoishagus by a slit-like glottis. Besides,

it receives the blood-vessels from the aorta. Not only is this organ like a lung

in structure, but it functions as such to a certain extent. Two genera of gar-

pikes have been indicated, Xepidosteus and Litholejns, but their distinctness is

fiuestioned. The most common species is the common gar-pike, or, as it is frequently
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called, the long-nosed gar or the bill-fish, Lepidosteus osseiis. This species is widely

distributed throughout the United States in lakes and rivers from Lake Champlain to

Texas. It reaches a length of about five feet. Its development has been studied by-

Alexander Agassiz, Balfour, and Parker, and Dr. E. L. Mark, though the latter has

not, at the time of writing, published his results. The fish are nocturnal in their

habits, and in the nights of the last of May and the first of June they approach the

shallow water in large numbers for the purpose of laying their eggs. These eggs are

covered with a very sticky envelope of complicated structure, which immediately

adheres to any object with which it is brought in contact. In its development it is

much like the bony fishes. When it hatches from the egg it has a very large mouth
with a row of suckers above. By the aid of these it attaches itself to submerged

stones. Now the fins begin to appear, and in the space of two or three weeks the

suckers disappear, and the young gar-pike swims freely.

The broad-nosed gar-pike, i. platystomus, is smaller than the preceding, and is

rather more southern in its range, while the alligator gar, L. tristoechus, is a much
larger form, reaching a length of eight or ten feet. It lives in the rivers of the

southern states, and extends south to Central America, and across into some of the

West India Islands. This is made the type of a distinct genus, Atractosteus, on account

of two rows of teeth in the jaws.

Order VIL—HALECOMORPHI.

This order and the last are frequently united as members of a group known as

Holostei, which, besides the ossified skeleton, have several other structural features in

common. The only living genus is A^nia, the type of the family Amiid^. Amia is

even more closely related to the bony fishes than are the gar-pikes. It is covered with

large, round scales, lacks the shingle-like fulcra on the fins, and has the vertebrae

concave at both ends, as in the teleosts. These points, together with other superficial

ones of minor importance, give the bow-fin a herring-like ajspearance, and formerly

led to the classification among the

clupeoids. The ordinal name, Hal-

ecomorphi, also refers to this appeai'-

ance, and means shad-like. Amia
calva, the bow-fin, mud-fish, dog-fish,

brindle, grindle, 'John A. Grindle,' ^^^ n.-A,M^ caiva, bo^.
or lawyer, as it is variously termed,

is the only known species. In color it is dark olive or blackish above, and faintly

marked with dark on the lighter sides. The sexes can readily be separated by a

round black spot, ringed with lighter orange or yellow at the base of the caudal fin

of the male, which is lacking in the female. A difference is also noticeable in size,

the female reaching a length of two feet or more, the male but rarely exceeding

eighteen inches. As in the gar-pikes, the air bladder of the bow-fin is cellular and

functions as a lung. On the mode of respiration in both genera, Dr. B. G. Wilder has

made some interesting observations. Before his experiments it had frequently been

noticed that the gar-pike rises at intervals to the surface of the water, emitting at

each time several bubbles of air, but whether air was taken in was not certain, though

from the amount exhaled this seemed probable. Dr. Wilder took an adult bow-fin,

which was kept in an aquarium, and gradually accustomed it to being handled.

VOL. III. —7
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" After a time it would swim slowly in the tank with no apparent agitation on account

of the contact, and come to the surface at the usual intervals to discharge a bubble of

air. Having been thus prepared, the fish was permitted to move to and fro at about

six inches below the surface, but was prevented from rising. It became uneasy, and,

after a few not very violent efforts to disengage itself, emitted a large bubble of air,

which rose to the surface.

"If this emission were all it required, we may suppose that it would have been

content. On the contrary, after a second or two of quiet (perhaps resulting from

the habit of being satisfied after the respiratory action), the fish became more and

more uneasy, moved rapidly to and fro, turned and twisted, and lashed with its tail,

and finally escaped from the hand. It rose at once to the surface, and, without

emitting any bubble whatever, opened the jaws widely, and apparently gulped in a

large quantity of air. It then descended, and remained quiet for the usual interval.

This experiment was several times repeated, always with the same result."

To the physiologist these experiments are highly interesting, for here we see the

early stages of the change from an air bladder to the lungs of the higher vertebrates.

In the lung-fishes this change of function is carried to a greater extent. The
morphologist is also interested in the gradual development of a lung-like organ, and

the transference of its duct from the dorsal side of the oesophagus in the fishes to the

ventral position which it occupies in the higher vertebrates, including the Dipnoans.

Tlie bow-fin belongs exclusively in fresh water, preferring the still waters of lakes

and sluggish rivers. It ranges from Minnesota south to Florida and Texas. It is very

voracious, and eats large numbers of other aquatic animals, but its "flesh is peculiarly

soft and pasty, and is of no value for food." Its eggs are moderate in size, and are

enveloped in an outer covering, which in structure is much like that found in X,epi-

dosteus. Nothing is known of the development, and the students in the interior of

our country have here a fine chance to do good work.

The fossil genera Nbtmus and Amiopsis, of the tertiary rocks, are closely allied to

Amia. Frequently associated with this genus are the fossil families Leptolepidse,

Caturidffi, and Platyuridse, but these may possibly belong near the salmons and

clupeoids, and may be the oldest physostomous fishes. They appear in rocks of the

Jurassic age, and appear to have held their position here through a dictum of Agassiz,

that any fish from a formation older than the cretaceous must be a ganoid.

In conclusion, we may say that the group of ganoids appears to be an artificial one,

and will probably be divided up (this has been done by some, notably Professor Cope),

some of its members being accorded a distinct rank, ^vhile others may be placed among
the forms here treated of as teleosts. This will probably be the case with the Lepi-

dotidae, which on many accounts appear to belong to the Isospondyli, and to be primi-

tive forms of clupeoid and salmonoid fishes. Pterichthys, again, is a problematical

form, and probably has nothing to do with the group with which it is usually associated,

but may be, according to Professor Cope, either a modified ascidian related to Chely-

osoma, or is one of the Acrania directly descended from such a type.

J. S. KiNGSLET.

Sub-Class II.— Teleostei.

Next after the ganoids come the vast majority of living fishes. It is generally

admitted that the gradation of the ganoids into the teleostean hosts is evident, and
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that, on the one hand, the Amiids are the most teleostean (or like the ordinary fishes)

of the ganoids, and, on the other, such forms as the Albulids and Elopids are the most
ganoid-looking of the teleosts. The succession from those forms is tolerably straight in

their various ramifications to the ends of the different series. But there are several

types that break into the continuity of the series, and are a source of trouble and per-

plexity to the systematist. These are the N"ematognaths, the several types of apodal

fishes, and the small group of Opisthomes, including the two families, NotacanthidsB

and MastacembelidsB. The genetic relations of none of these are fully understood.

By several authors— among them Agassiz and Cope especially— the group of Nema-
tognaths, or catfishes and their relations, has been regarded as most nearly related to

the sturgeons, and by Cope it is imagined that " future discoveries will prove that it

has been derived from that division by descent." To others this relationship is not

perfectly clear. The Nematognaths are, however, doubtless modified from a primitive

type not in line with the majority of existing fishes, and it will be convenient to con-

sider them among the first, although not the very first. There are the various eel-like

forms, whose relations are as little, if not still less, understood than those of the Nema-
tognaths. It is evident, however, that the eels have sprung from a generalized type,

and apparently also from a stock out of the line of the typical fishes, although, perhaps,

from a more recent type than the ancestors of the catfishes. ^Nevertheless, it will in-

terfere less with a serial arrangement if we commence with the eel-like forms and

consider their ramifications, after which we may take up the Nematognaths and their

kindred, and finally the more typical teleosts.

Teleosts are those fishes which are predominant in the present epoch of our globe,

and which are mostly characterized by a well-ossified skeleton ; and in allusion to this

feature the sub-class name has been given (teleios, perfect, osteon, bone). The skeleton,

however, is as much ossified in certain Ganoids (^Lepidosteus and Amia) as in some

Teleosts, and consequently we have to study other parts of the organization to learn

whether the group is a natural one. As a result of such study, it has been found that

there is a considerable departure in the brain, and especially the ojDtic nerves, as well

as in the heart, from the tyjDes heretofore considered. Without going into details, we
may state that the optic nerves simply decussate or cross each other without any

blending of fibres or chiasma, as in the Ganoids, and the heart has in front an arterial

bulb, which has generally only a pair of ojajDOsite valves. With these characters ag

key-notes, we can co-ordinate others, and convince ourselves that the Teleosts have

developed through an essentially continuous though perhaps composite line from a

Ganoid stock ; for, diversified as they are, the capital characters differentiating sub-

divisions are few, and the intergradation manifest. It is indeed a difficult matter to

find gaps of demarcation. For many years the grouping sanctioned by Johannes

Milller has been a popular one. In this the Lophobranchiates and Plectognaths were

set apart, and all the rest were classified as Physostomes and Physoclists, some divid-

ing the latter into ' orders,' designated as Acanthopteri, Pharyngognathi, and Anaoan-

thini, while others groxiped them together. This arrangement, howevei-, was a very

artificial as well as a very superficial one, for unlike forms were united while like

ones were with equal violence divorced. There was, nevertheless, a shade of reason

in the grouping. The Physostomes were those Teleosts whose air-bladder communi-

cates with the (Esophagus by a tube or mouth (j>husa, bladder, stoma, mouth), while in

the Physoclists the air-bladder is shut off from all communication with the outer world

{phusa, bladder, and kleistos, closed). But even the availability of these characters
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sometimes fails, for the Physoelists in very early life have a communication between

the bladder and intestine, and siieh communication is liable to be persistent in a few

adults. For this very reason, however, the character in question becomes important

for another purpose,— to determine the order of succession of the respective tyjjes.

Inasmuch as the Ganoids had and have a similar connection between the air-bladder

and intestine, it might reasonably be assumed that the j)hysostomous fishes are nearer

the progenitors of the Teleostean stock than the physoclistous ones. Such assump-

tion, moreover, has been verified by a consideration of all other parts, and it is now
generally admitted that next after the Ganoids should come Physostomes ; but which

special group or sub-division it should be is a question more difficult to answer. As
already indicated, we shall commence with the eels, but without pretending that they

are the most generalized. We must, on tbe contraiy, admit that in some respects they

are much more specialized than those which are to follow. It is therefore simply

and purely from motives of convenience, and to render future breaks less numerous

and abrupt than they would otherwise be, that we adopt the sequence of forms here to

be followed. Modified as they are, they nevertheless retain more of the evidences of

genetic relations to primitive types than do the highly specialized forms into which

the typical fishes grade and culminate.

Oedee I.— SYMBRANCHIA.

Before proceeding to the consideration of the typical eels, it will be well to notice

a few fishes which are eel-like in habit, and even still more elongated than the common
eels, but which in other respects are more like the general stock of fishes. The forms

exemplifying this group, which has been called Symbranchia, have been ranged by

Professor Cope under two orders, the Ichthyocephali and Holostomi. Both agree in

the development of special intermaxillary bones and the position of the supramaxillary

behind and parallel to them, but disagree in the development of the shoulder girdle,

some (Monopteridfe) having the girdle directly connected with the skull, while others

(Amphipnoidfe) have no osseous junction. The palatine bones are well developed

and even very broad, being thus quite unlike those of the true eels. Although the

species are few, they exhibit such differences of structure as to demand the recognition

of four families, the MoNOPTEEiDiE, Symbeaxchid^, Amphipxoid^, and Chilo-

BEANCHiD^. The first three are remarkable for an excessive elongation of the abdomi-

nal portion, and the approximation of the anus to the tail end rather than the head.

The Monopterus Javanejisis has as many as one hundred abdominal and eighty-eight

caudal vertebriB ; on the other hand, the Chilobranchidae (a family of doubtful rela-

tionship) have only about twenty-one abdominal and fifty-two caudal vertebrae. The

monotypic Monopteridaa and Amphipnoidas inhabit the East Indian seas ; the Sym-

branchidffi are, partially at least, fresh-water fishes, of which two species are East

Indian and one South American. The two known species of the Chilobranchidae are

Australasian. The Monopteridse and Amphipnoidas especially exhibit interesting

modifications of their branchial and respiratory apparatus.

Oedee IL— APODES.

The common fresh-water and sea eels are the typical representatives of an order

which has been called Apodes, in that they are the best-known examples of the group,
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and those which the mind of the American or European pictures to itself in connection

with the name. But those common species exhibit structural features from which

most of the order deviate, and they at the same time depart less from the character-

istics of ordinary fishes than do most of their associates. Their bones are developed

in greater number than in most of their relations, and there is a nearer approach in the

osseous frame-work generally to the typical fishes. The congers, or conger-eels, are,

however, as little aberrant as the true eels. But, with these exceptions, the species of

the order generally to be met with exhibit remarkable modifications of structure, and

a notable reduction of the bones of the sides of the head. So great, indeed, are the

differences to be seen on a comparison of the true Apodal or eel-like forms, that

they have been distributed by an eminent authority (Professor Cope) between two

orders, the Enchelycephali (eels and congers), and the Colocephali (Murtenids, etc.).

Other forms have been associated with the eels, but with little reason. Few nowadays

would consider the electrical eel to be closely related to the true eels, and therefore

few would dissent from excluding it from the order Apodes, if intended to be grouped

primarily around the common eel. There are also quite good grounds for the refusal

to admit the Monopterids and Symbranchids in the same natural order as the Anguil-

lids, but the differences between the last-named fishes and the Murffinids ajDpear to be

of less value, and gradations exist between them. For the present at least, therefore,

all such may be retained in a common order under the name Apodes.

The Apodes may then be defined as teleost fishes with the ethmoid and vomer

coalesced and constituting the front of the upper jaw, the supramaxillaries entirely lat-

eral, and the intermaxillaries obsolete or wanting, the palato-pterygoid arch more or

less imperfect, the cranium with a single condyle (the basioccij)ital) for articulation with

the backbone, the branchiostegals well developed, and the form elongate and serpenti-

form.

The fishes in which these characters are manifested are all elongated, and the form

may consequently be used for the definition of the group. Nevertheless, it must not

be forgotten that form is an extremely variable element in some orders, and even in

the present the eel-like appearance is not invariably a striking feature. The curious

Simenchelys, for instance, was not at first recognized as an eel by the ichthyologists

into whose hands it fell, and it was only when the structure of the mouth parts was

examined that its position became evident. On the whole, however, there is a very

considerable likeness between the various constituents of the order, so far, at least, as

general foi-m is concerned. The skeletal and other differences are better marked, and

apparently justify the recognition of several families.

The Anguillid^, or typical eels, have the ethmo-vomerine region moderately

broad and extended backwards, the jaws rather elongated and narrowed forwards, the

opercular bones all existent, the pterygoid bones reduced and slender, the tongue

free in front, the nostrils moderately distant and lateral, the caudal fin developed and

confluent with the dorsal and anal, the dorsal remote from the head, and pectorals

present. Scales are present, of small size and elliptical form, obliquely set, more or

less separated from each other, and tending in opj)osite directions, or at right angles

to each other. But one genus of the family thus defined has been recognized, the

genus Anguilla. The species have not been determined with certainty, some natural-

ists having recognized as many as forty-nine species (Kaup), another (Gtinther) about

twenty-five species, while a more recent student (Dareste) has thought that not

more than four valid species can be discriminated. The four recognized by Dareste
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are A. vulgaris (arctogsean), A. marmorata and A. mona (Indian Ocean), and A.

megalostoma (Oceanica).

Eel is the name by which the species of Anguilla are known to all English-speaking

peoples, and only where peculiar marine forms of the order are very abundant are the

representatives of the genus designated by any qualifying term, such as the fresh-water

eel. Local synonyms are unusually few, at least outside of England.

Fig. 1i.— Anguilla vulgaris, eel.

Species of the genus are very widely but not universally distributed. In the

United States they are found in almost all streams of the eastern slope of the conti-

nent having uninterrupted communication with the ocean, but were originally wanting

in the great lakes above Niagara, as well as along the Pacific coast. The significance

of some of these facts will soon appear. While occurring in fresh water, the same

species are also found in salt water. Furthermore, in certain seasons of the year very

young eels may be seen ascending the streams, and evidently having come from the

salt water, where they must have been bom. In some streams such young eels are
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found in almost incredible numbers, and the concourses are known in England as ' eel-

fairs.' Ordinary obstacles may be overcome, and rapids of considerable slope may be

surmounted or evaded, but very high falls and precipitous banks arrest progress. As
already intimated, Niagara Falls is a barrier to their upward course, but, in the

words of Professor Baird, " in the spring and summer the visitor who enters under the

sheet of water at the foot of the falls will be astonished at the enormous numbers of

young eels crawling over the slippery rocks and squirming in the seething whirlpools.

An estimate of hundreds of wagon-loads, as seen in the course of the perilous journey

referred to, would hardly be considered excessive by those who have visited the spot

at a suitable season of the year." At other times large eels may be seen on their way
down stream, although naturally they are not as conspicuous then as are the hosts of

the young on their way up stream. Nevertheless, it is now a well-assured fact that

the eels are catadromous, that is, that the old descend the watercourses to the salt

water to spawn, and the young, at least of the female sex, ascend them to enjoy life

in the fresh water.

The generation of the eel was long involved in great mystery, and the knowledge

thereof is one of the recent acquisitions of scientific investigation. So late, indeed, as

1880 it was declared by Dr. Giinther that "their mode of propagation is still un-

known." In want of positive knowledge, the rein has been given to loose hypothesis

and conjecture. It has been variously asserted that eels were generated from slime,

from dew, and from the skins of old eels or of snakes. The statement that they come
from horse-hairs is familiar to many country boys, and the origin of this belief is due

simply to the fact that there are certain aquatic worms, known under the generic

name Gordius, which are elongated and apparently smooth like the eel, and which

may be found in the same waters. It was one of the ideas of the Greeks to attribute

their paternity, as of many other doubtful offspring, to the convenient Jupiter. The
statement that they are viviparous has arisen from two causes, one the existence of

intestinal worms, and the other from the confusion of the eel with an elongated, and

consequently eel-like, but otherwise very different form, the Zoarces viviparus. The
Zoarces is, indeed, in Germany as well as in the Scandinavian countries, generally

known as the Aal-rautter, or eel-mother, and thus in its name perpetuates the fancy.

Even where eels are to be found in extreme abundance, and where they are the objects

of a special culture, like erroneous opinions prevail. Thus, according to Jacoby, about

the lagoon of Comacchio, there is an " ineradicable belief among the fishermen that the

eel is born of other fishes ; they point to special differences in color, and especially in

the common mullet, Mugil cephalus, as the causes of variation in color and form

among eels. It is a very ancient belief, widely prevalent to the present day, that eels

pair with water-snakes. In Sardinia the fishermen cling to the belief that a certain

beetle, the so-called water-beetle, Dytiscus roeselii, is the progenitor of eels, and they

therefore call this 'mother of eels.' " The assignment of such maternity to the water-

beetle is doubtless due to the detection of the hair-worm, or Gordms, in the insect by

sharp sighted but unscientific observers, and, inasmuch as the beetle inhabits the same

waters as the eel, a very illogical deduction has led to connect the two together.

All such beliefs as have been thus recounted are due to the inconspicuous nature

of the generative organs in eels found in fresh waters and at most seasons— a charac-

teristic which is in strong contrast to the development of corresponding parts in fishes

generally. Nevertheless, the ovaries of the eel were discovered, as long ago as 1707, by

Dr. Sancassini, of Comacchio, and described by the celebrated Valisneri (after whom the
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plant Vdlisneria was named) in 1710, again byMondini in 1777, and almost contempo-

raneously by O. J. Muller, of Denmark. Later, the illustrious Rathke (in 1824, 1838, and

1850) and also Hornbaum-Hornscliuch published the results of special investigations, and

figured the eggs. But it was only in 1873 (after several futile endeavors by others)

that the male organ of the eel was recognized, also by an Italian naturalist. Dr. Syrski,

in small individuals of the species, and a previous idea that the eel was hermaphroditic

thereby dispelled. The sexual differences are correlated with external ones, and gen-

erally the males and females, when adult, can be told apart. Jacoby testifies that

he examined large numbers with a view to solve this question. The most important

differences relate to (1) size, (2) form of the snout, (3) color, (4) dorsal fin, and (5)

size of the eyes. (1) The males rarely attain a length of more than seventeen to nine-

teen inches, while adult females are generally much larger; (2) the snout in the male

is attenuated and rather jjointed, while in the female it is comparatively broad and

blunt
; (3) the male is a deep darkish green, or often a deep black with a shining lustre,

and a whitish belly, while the female has a clearer color, usually of a greenish hue on

the back and yellowish on the belly
; (4) the dorsal fin is lower and less developed in

the male than in the female ; and (5) the eye of the male is large, and that of the female,

as a rule, comparatively small. These characters, however, do not always hold good.

Jacoby remarked that " special reference having been jiaid to the height and narrow-

ness of the dorsal fin, much success has been met with in picking out, in the fish-market

of Trieste, the eels which possessed the organ of Syrski [that is, the male organ] ; ab-

solute certainty in recognizing them, however, cannot be guaranteed. If one is search-

ing among living eels with no characters in mind,— with the exception of the first,

that of length,— he will find in every ten eels, on an average, eight females and two

with the supposed male organ ; but, if the selection is made with a careful reference

to all these marks of difference, the proportion changes, and out of every ten examples

about eight will be found with the supposed male organ."

According to Herr Benecke, " it may be assumed with the greatest safety that the

eel lays its eggs like most other fish, and that, like the lamprey, it only spawns once

and then dies. All the eggs of a female eel show the same degree of maturity, while

in the fish which spawn every year, besides the large eggs which are ready to be de-

posited at the next spawning period, there exist very many of much smaller size, which

are destined to mature hereafter and be deposited in other years. It is vei-y hard to

understand how young eels could find room in the body of their mother if they were

retained until they had gained any considerable size. The eel embryo can live and

grow for a long time supported by the little yolk, but, when this is done, it can only

obtain food outside of the body of its mother. The following circumstances lead us to

believe that the spawning of the eel takes place only in the sea : (1) that the male eel is

found only in the sea or brackish water, while female eels yearly undertake a pilgrimage

from the inland waters to the sea, a circumstance which has been known since the

time of Aristotle, and upon the knowledge of which the principal capture of eels by
the use of fixed apparatus is dependent

; (2) that the young eels, with the greatest

regularity, ascend from the sea into the rivers and lakes.

"All statements in opposition to this theory are untenable, since the young eels

never find their way into land-locked ponds in the course of their wanderings, while

eels planted in such isolated bodies of water thrive and grow rapidly, but never in-

crease in numbers. Another still more convincing argument is the fact that in lakes

which formerly contained many eels, but which, by the erection of impassable weirs,
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have been cut off from the sea, the supply of eels has diminished, and after a time only

scattering individuals, old and of great size, are taken in them. An instance of this

sort occurred in Lake Muskengorf, in West Prussia. If an instance of the reproduc-

tion of the eel in fresh water could be found, such occurrences as these would be quite

inexplicable.

" In the upper stretches of long rivers the migration of the eels begins in April or

May ; in their lower stretches and shorter streams, later in the season. In all running

waters the eel fishery depends upon the downward migrations ; the eels press up the

streams with occasional halts, remaining here and there for short periods, but always

make their way above. They appear to make the most progress during dark nights,

when the water is troubled and stormy, for at this time they are captured in the greatest

numbers. It is probable that after the eels have once returned to the sea and there

deposited their spawn, they never can return into fresh water, but remain there to

die. A great migration of grown eels in spring or summer has never been reported,

and it appears certain that all the female eels which have once found their way to the

sea are lost to the fisherman."

Eels, in the words of Mr. W. Ballou, are "among the most voracious of carnivorous

fishes. They eat most inland fishes, except the gar-fish and the chub. Investigation

of six hundred stomachs by Oswego fishermen showed that the latter bony fish never

had a place on their bill of fare. They are particularly fond of game fishes, and show

the delicate taste of a connoisseur in their selection from choice trout, bass, pickerel,

and shad. They fear not to attack any object when disposed, and their bite in human
flesh shows even a vicious attitude towards man. On their hunting excursions they

overturn huge and small stones alike, working for hours if necessary, beneath which

they find species of shrimp and crayfish, of which they are exceedingly fond. Of
shrimps they devour vast numbers. Their noses are poked into every imaginable hole

in their search for food, to the terror of innumerable small fishes."

In the opinion of Mr. Ballou, too, " eels are to the water what the fish-hawk is to

the air. They are, perhaps, the most powerful and rapid of natatorians. Again, they

hide in the mud beneath some log or overhanging rock, and dart out with tremendous

fury at the unsuspecting prey. They attack the spawn of other fishes open-mouthed,

and are even said to suck the eggs from an impaled female. They fearlessly and

rapidly dive head foremost in the mud, disappearing from view in the twinkling of a

star. They are owl-like in their habits, committing many of their depredations at

night.

"No fish is yet reported to utilize a full-grown eel as food. Pickerel, gar-fish, and

bass, which are particularly numerous in these lakes, are supposed to literally devour

the young fry. Mr. Sawyer desci-ibes the operation of the pickerel darting through a

long column of young eels, open-mouthed, and devouring vast numbers of them."

The CoNGEiD^, otherwise named congers or sea eels, are closely related to the

Anguillidse, and also have a moderately extended ethmo-vomerine region, moderately

elongate and attenuated jaws, and well developed opercular apparatus, but the ptery-

goid bones are better developed arid almost perfect in front, and the dorsal commences

close behind the head. No scales exist in any of the known species. Several genera

have been associated with the typical conger as representatives of the same family.

Th^t exemplified by the common conger is, however, the only one common to the

northern temperate seas. No specific differences have been discovered between the

forms living on the eastern and those found on the western sides of the Atlantic.
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Naturalists are divided as to the name it should bear. Conger vulgaris is that which
has been chiefly used, but several names had been earlier given. The earliest generic
name is the expression of a peculiar jDhase of development. As long ago as 1754, a
learned Dutch naturalist, Gronovv or Gronovius, proposed a new generic name for a
small fish of an elongated form, but much compressed, and in life transparent. This
was found to be destitute of generative oi-gans, and was regarded by Professor Carus
as probably the young of some ribbon-shaped fish. The relations of the fish were later

shown by Gill to be rather with the conger, and Leptocephahis morrisii was indicated
as the young of the common conger. This stage has been considered to be per-

FiG. 73.— Conger vulgaris, conger eel.

sistent under certain conditions, and its further development to be arrested, but

whether such is the case or not remains to be proved. There seems to be a tendency

in the congers to fail in the complete ossification of the skeleton, for Dr. Dareste has

found instances of such failure to ossify, or rachitis, " in a large number of specimens ;

"

he prepared the skeleton of " a conger of medium size," the bones of which were " flex-

ible," and had remained in " an entirely cartilaginous state."

The conger attains about twice the size of the common eel, and " individuals of six

feet in length are not rare." It is distinguished from the common eel, in addition to

the characters already indicated, by the uniserial and paling-like teeth (which are close

set, and constitute an incisorial margin), as well as by color ; the dorsal region is dark

and the lower soiled white, the pores of the lateral line whitish, the dorsal and anal
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fins generally pale with a black margin, and the pectorals dusky, margined with

lighter.

The sexual organs of the conger are much more conspicuous than those of the

common eel, and, indeed, the female has sometimes an exuberant supply of eggs, and

almost bursts on account of them. Dr. Hermes relates, in fact, that a female in the

Frankfort aquarium did actually " burst on account of the extraordinary development

of the ovaries :
" the conger in question weighed twenty-two and a half pounds, and

the ovaries eight pounds ; it was calculated that there were 3,300,000 eggs. The eggs

are lai-ger than those of the eel, having a diameter of about a third of a millimetre,

while those of the eel are only about a fifth to a fourth of a millimetre in thickness.

Except in relative development, however, the sexual organs of the two forms are

essentially alike. As in the eel, the sexes are as a rule externally distinguishable, and

the male is considerably smaller than the female.

The conger is a strictly marine fish, and does not ascend rivers like the eel ; it also

prefers rather deep water, and, although abundant in the British waters and a very

commoli market fish, it is rare on the American, or at least rarely taken by the fisher-

men or brought to market.

A strange eel, found only in deep water, and named by the fishermen the pug-nose

eel, and by naturalists Simenchelys parasiticus, is related to the true eels, but has been

set apart as the type of a peculiar family, the Simenchelyid^. It has most of the

osteological characters of the preceding, but the front, instead of being narrow and

attenuated, is blunt and rounded, whence the names given to it. It has scales like

those of the common eel. Many individuals have been obtained attached to the hali-

but, into whose flesh they had burrowed. Specimens' have as yet only been found on

off-shore banks south of Newfoundland.

The Ophichthyidjs form another family of eels quite well represented in the ex-

treme southern waters bounding the United States ; they may be readily recognized

by the peculiar situation of the nostrils, which perforate the margin or even inner

sides of the lips. Species of several genera {Ophichthys, Ophisnerus, Gallechelys, and

Leiharchus) have been found around Florida, and of another {Myrichthys) on the

Pacific coast.

A family abounding in species in all tropical seas is that of the Mur^nid^.
These are remarkable for the rudimentary condition of the palato-pterygoid arch and

opercular bones, as well as for the lateral extension of the ethmo-vomerine elements,

and the consequent removal backwards of the upper jaw-bones; the branchial skeleton

is also much reduced
;
pectoral fins are generally absent. Most of the species have form-

idable sharj) teeth, and are quite vicious in their habits, biting severely, and capable

of inflicting terrible wounds on an incautious assailant. One species is found in the

Mediterranean, the common murry or Muroena lielena ; and an anecdote, in which

Vedius Pollio was punished for ordering an offending slave to be thrown to the

Muraenas, is familiar to most lovers of classical history. Five species of the family

have been taken in the sub-tropical American waters.

Another family, the Moeiivguid^, is related to the Mursenidse, but is distinguished

by some remarkable modifications of structure. The pterygo-palatine arch is imper-

fect, as is also the opercular apparatus, according to Professor Cope, but the form is

distinguished by the elongation of the abdominal portion, the caudal portion being

shorter, and, above all, the heart is peculiar in being far behind the branchias. The

species are all inhabitants of the Oriental seas ; they are snake-like, or, as the name of
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one of the species {Moringita lumbricoides) implies, worm-like in appearance and

almost destitute of fins, the vertical fins being sometimes reduced to a fold around the

end of the tail.

A group of very strange fishes, characterized by elongated jaws, sometimes exces-

sively produced and attenuated, has been generally approximated to the eels. These

form the family NEMiCHTHYiDiE. They are chiefly inhabitants of deep seas, although

a couple of the species have been caught at the surface, perhaps on account of accident.

The most common (but still rare) form has been called Nemichtkijs scolopaceus, the

Fig. 74.— Murana Helena, murry.

snipe-like thread-fish, or, popularly, snipe-fish. Three peculiar generic types were lately

obtained through the dredgings of the U. S. Fish Commission steamer ' Albatross.'

They exhibited a considerable range of variation in dentition.

The only other family that demands notice here is that ofthe Stnaphobeanchidjj.

These are deep-sea fishes, of a nearly normal eel-like form, but distinguished by the

confluence of the branchial apertures into a single slit below the throat. They have

scales, resembling those of the Anguillids. The species are inhabitants of the deep

seas, and two have been discovered in the depths near the New England coast, Syna-

phobranchus pinnatiis and Histiobranchits infernalis.
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Oeder III.— LYOMERI.

In the line of specialization of the eel-like forms, we now come to a group of

the most extraordinary development. There is a " looseness " about them which has

given a name to the order— Lyomeri. The branchial arches are reduced to very simple

bars, five in number, on the sides of the oesophagus, and liave no connection with the

cranium ; the supramaxillary bones alone are developed, and have a ligamentous con-

nection with the cranium ; the palato-pterygoid arch is entirely wanting ; and the sus-

pensorium for the lower jaw is composed of only two pieces, the hyomandibular and

quadrate, of an elongate, subcylindrical form, and connected with the skull by a

movable joint which allows it to be swung in various directions. Two families of the

order have been discovered, the Eurypharyngidae and SaccopharyngidsB.

Fig. 76.— Eurypharynx pelecanoides, pelican tisli.

The EuKTPHAKYNGiD^ Were unknown till 1882. In the last month of that year

the French naturalist Vaillant described a species as Eurypharynx pelecanoides, and

the next year another was made known by Gill and Ryder under the name Gastro-

stomus bairdii. These fishes inhabit the deep sea, and are especially remarkable for

the excessive development of the jaws and the oral parts generally. The jaws of

Gastrostomus are six or seven times as long as the flat squarish cranium, and the in-

tramandibular pouch has the resemblance to that of the pelican which induced Vaillant

to give the name pelecaoioides (pelican-like) to the fish he described. Of course nothing

is known, from observation, of its habits, but it is probable that the fish swims consid-

erably over the bottom, and that it feeds with open mouth, taking in the water and

contained organisms, and keeping the latter in by the interlocking teeth, which would

apparently act like the whalebone of the mysticete whales. Its principal food is doubt-

less the small animals swimming at large in the horizon it inhabits,— crustaceans,

foramenifers, etc. It is not at all likely that it troubles fishes approximating it in size.
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The Saccophaeyngid^ have been long but very imperfectly known. The typical

form was first described by an American naturalist, Dr. S. L. Mitcliill, of jSTew York,

in 1824. The only specimens that have been thus far obtained liave been found at the

surface, gorged with fishes larger than themselves. They thus contrast, as to their

habits, witli the Eurypharyngida^, and their structure would at once indicate a differ-

ence of habits. They have, like their kindred, a small head and elongated jaws, but

the elongation is quite moderate compared with those of the Eurypharyngids. They
have also large raptorial teeth in one or both jaws, well fitted for seizing and holding

prey.

Both of the types of lyomerous fishes have very peculiar pedunculated appendages

in the place of the lateral line. Their entire organization, in fact, is peculiar to the

extent of anomaly, and our old conceptions of the characteristics of the fish class re-

quire to be modified in the light of our knowledge of such strange beings.

Oeder IV.— OPISTHOMI.

For want of a better place, we have next to consider another singular gi'oup of

fishes, whose members have been widely separated in the s}-stem. For example, Dr.

Giinther associated one family (the Mastacembelidse) with the Blennies in the ' tenth

division' of the ' Acanthopterygii,' and isolated another (the Notacanthidse) in a

peculiar group, the ' nineteenth division ' of the ' Acanthopterygii.' Professor Cope

distinguished the Notacanthids as a peculiar order (Opisthomi) of physoclistous fishes,

and ignored the Mastacembelids. The two families, however, appear to be related,

and may both be referred to tlie same order.

The Opisthomes are teleosts with the jaws complete and differentiated, the scapu-

lar arch not connected with the cranium but suspended to the vertebral column, the

back armed with numerous spines, and with ventrals abdominal or suppressed.

The Mastacembelids have an elongate, eel-like body, a produced lower jaw, the

dorsal very long and mostly composed of sliort free spines, but with a small rayed por-

tion behind, the anal elongated and with about three spines in front, and without

ventral fins. The species are inhabitants of the fresh waters of the East Indies and

neighboring parts of Asia.

The NoTACAXTHiBs are also elongate fishes, the spines of the back are short and

free, and behind them is one soft ray, or perhaps none ; the anal is very long, and

chiefly composed of rays, and abdominal venti-als exist which have each several inar-

ticulate and more than five branched rays. The species are marine, and live generally

in cold water of considerable or even great depths.

Theodoee Gill.

Order V.—NEMATOGNATHI.

The fishes of this order agree in having the maxillary bone imperfectly developed

and forming the basis of a long fleshy feeler or barbel. This cliaracter has suggested

the name Nematognathi, given to the order by Dr. Gill. The analogy of these bar-

bels to the whiskers of a cat has given rise to the vernacular name of cat-fish, by

which the members of the order are known in the United States. Other external

characters of importance, distinguishing them from the great body of teleostean

fishes, are the absence of the subopercle, and the absence of true scales, the skin being
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either naked or more or less covered with bony plates. The anterior vertebrae are

coalescent, as in the cyprinoid fishes, and the air-bladder communicates with the

organ of hearing by means of auditory ossicles. The bones of the skull are grown
together in a greater degree than in ordinary fishes, and the brain is somewhat differ-

ent, the cerebrum being (in some species, at least) rather better developed, and show-

ing a rudiment of the Sylvian fissure.

The chief osteological character of the Nematognathi are thus summed up by

Professor Cope :
" Parietals and supraoccipital confluent, four anterior vertebrae

co-ossified, and with ossicula auditus. No mesopterygium. Basis cranii and pterotic

bone simple ; no coronoid bone. Third superior pharyngeal bone wanting, or small

and resting on the fourth ; second directed backwards. One or two pairs basal bran-

chihyals: two pairs branchihyals. Suboperculum wanting. Premaxillary forming

mouth border above. Interclavicles present."

Those features of the order which appear to the ordinary observer most striking

are the presence of the maxillary barbels above noticed ; the presence, in most cases,

of additional pairs of barbels about the mouth, near the tip of the upper or the lower

jaw, or both ; the absence of scales, and the presence, in many species, especially those

found in tropical waters, of bony plates. These sometimes form a more or less per-

fect coat of mail on the sides of the body ; at other times, they form a shield on the

top and back of the head. Anotlier feature is the development, in most cases, of the

first ray in the dorsal and pectoral fins as a strong, stiff, sharp, serrated spine, Avhich

forms an effective weapon of defence. The spines of the pectoral fins are strongest,

and they are usually 'set,' that is, firmly erected, whenever the fish is caught or

attacked. These spines are a source of much annoyance to fishermen, and there are

few persons who have ever been boys and fished in the creeks or millponds of the

eastern states, that have not bad some painful experience with the ' horns ' of a

cat-fish. Thoreau speaks of the cat-fish as "a blood-thirsty and bullying race of

rangers, inhabiting the river bottoms, with ever a lance in rest, and ready to do

battle with their nearest neiglibor. I have observed them in summei-, when every

other one had a scar upon his back where the skin was gone, the mark of some fierce

encounter."

The articulation of the pectoral spine is somewhat peculiar. When erected, it

cannot be depressed directly, without breaking it, but by rotating it toward the

animal it can be laid down without difficulty. This is equally easily done, whether

the animal be dead or alive.

The wounds made by the spines of the cat-fish are often painful, and sometimes

heal with difficulty. This seems to be due, not to any specific poison, but to the

jagged character of the cut, and to the slimy skin which is rubbed off from the spine.

In one genus, however (JVbticrics), there is certainly a poison gland connected with the

pectoral spine.

Another characteristic of most of the Nematognathi is the presence of an adipose

dorsal fin, as in the Salmonidae, Characinidae, etc. In some cases this adipose fin has

distinct rays, and in others it is supported by a stiff spine.

The teeth in all the Nematognathi are small and sub-equal, villiform or granular,

or in some cases, entirely wanting. The air-bladder is usually large, and is connected

by a slender duct with the oesophagus, as in other « soft-rayed ' fishes. The ventral fins

are present, usually eight to ten-rayed, without spine, and abdominal in position.

The anal fin is without spine and usually long.
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All the Neraatognatlii are carnivorous fishes. Most of them inhabit fresh waters,

but many are found in the sea. The latter, however, never venture to any consider-

able depths, and most of them sometimes ascend the rivers. None are deep-sea

fishes. They are most abundant in tropical waters, a greater variety of species being

found in South America than in any other continent, although the rivers of Africa

also teem with them. Few of them reach the colder parts of the temperate zones. But
one species {Silurus glanis) is found in Europe, and none, either marine or fluviatile,

inhabit the waters of the United States west of the Rocky Mountains, their range in

the eastern Pacific not extending north of the Gulf of California.

In size the Nematognathi vary greatly : from two inches in length to six feet or

more. Few of them are much valued as food ; most of them, especially the marine

species, having rather tough and flavorless

flesh.

As to the origin of the Nematognathi, the

following remarks of Professor Cope seem to

me reasonable: "This division is the nearest

ally to the sturgeons (Chondrostei) among
Physostomous fishes, and I imagine that

future discoveries will prove that it has been

derived from that division by descent. . . .

The aflinity of the cat-fishes to the sturgeons

is seen in the absence of symplectic, the rudi-

mental maxillary bone, and, as observed by
Parker, in the interclavicles. There is a sujjer-

ficial resemblance in the dermal bones. The
rudimental mesopterygium shown by Gegen-

baur to exist in the young SiluridiB, the pras-

coracoid arch, and the ventral fins, are shared

with the sturgeons and other divisions."

One of the families (Hypophthalmidae)

at present referred to this order, differs from

all others, according to Cope, in having the

lower pharyngeals united for tlieir whole

length.

The Nematognathi are all placed by Dr.

Giinther in a single family, Siluridffi. This

is certainly unnatural, as the differences between many of the different members
of the group far outweigh the distinctions existing between the currently recognized

families of Acanthopteri. Professor Cope divides them into three families, Silurids3,

Aspredinidse, and Hypophthalmidas. Professor Gill arranges them in eleven families.

The present writer has had no opportunity to form a definite opinion of the value of

most of these families, but for the present is disposed to follow Professor Gill's

arrangement. The different families now follow in order.

The family of Aspeedinid^ is characterized especially, according to Coj)e, by the

absence pf the opercle. The adipose fin is wanting, and there is no spine in the dorsal.

Tlie eyes and mouth are small. There are six barbels. The gill opening is reduced

to a small foramen. The skin is either smooth or covered with bony lumps or

tubercles. About ten species are known, all from the fresh waters of the north-

FiG. 76.—Abdomen of Platysiacus batraclms, with
the ova attached : at a some have been removed.
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eastern part of Soutli America. The species reach a length of about eighteen

inches.

The principal genus is Platystacus {Aspredd). The species of this group are

noted for the method in which the eggs are guarded after exclusion. Contrary to

the usual rule among fishes, this office is taken by the female. According to Dr.

Gtinther, " during the time of propagation, the lower side of the flat trunk of the

female \_Aspredo'] assumes a soft and spongy texture. After having deposited the eggs,

the female attaches them to, and presses them into, the spongy integument, by merely

lying over them. She carries them on her belly as the Surinam toad {Pipa) carries

her ova on her back. When the eggs are hatched, the excrescence on the skin disap-

pears and the abdomen becomes smooth as before."

Fig. 77.

—

Loricaria catapliracta.

The SisoEiD^ are small fishes from the mountain streams of farther India and

Besngal. They have a single dorsal fin, small eyes, reduced gill openings and naked or

mailed skin. In one genus, Pseudecheneis, a sucking disc, formed of transverse plaits

of skin, exists on the breast, between the pectoral fins, enabling the fish to resist the

current by clinging to stones. In another genus, Exostoma, the thick lips with

reflected edges foi-m a sort of sucking disc which serves a similar purpose.

The LoEiCAEiiD^ (including Callichthyid^) are small cat-fishes from the fresh

waters of South America, east of the Andes. They have the small inferior mouth

and narrow gill openings of the preceding family, and, with few exceptions, the body

and head are entirely covered by a coat of mail made of interlocking bony plates.

The lips are thick, the barbels few and short, the dorsal fin well forward, the adipose

fin wanting, or supported by a stifE spine. More than a hundred species are known.

Of the genera, Loricaria is remarkable for the slenderness of its body : Chwto-

siomus and others, for the presence of a bunch of stiff erectile bristles or spines on the

VOL. III. —

8
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interopercle, which is very movable. Callichthys has the bony plates on the side

arranged in two series, from head to tail, the two meeting about on the level of the

eye. The species are said to make nests for their ova, defending them with much
spirit, and, at times, to travel overland like the species of Doras.

The Aegid^ are very similar to the Loricariidse, differing mainly in the absence of

the coat of mail, and in the presence of maxillary barbels only. There seems to be no

doubt of the very close relation of the two families. Dr. Giinther observes :
" I

consider Arges as a naked Loricaria, or, vice versa, Loricaria as a mailed Arges

;

and although these forms are sufficiently diversified to admit of further subdivision, it

is a most artificial method, by which their natural union is destroyed." The five or

six known species of Argidas reach a length of two or three inches only, and inhabit

the ponds and springs of the iipper Andes on the Peruvian or Pacific slope, where

Fig. 78.— Clarias anguiitariSy eel-pout.

they take the j)]ace occupied by the Loric.iriidiE on the Atlantic side. They are

locally known as " Preiiadillas." One of the species {Cydopiiim cyclopum = Sty-

gogenes) has " received some notoriety through Humboldt's accounts, who adopted

the popular belief that they live in subterranean waters within the bowels of active

volcanoes of the Andes, and are ejected with streams of mud and water during erup-

tions. Humboldt himself considers it very strange that they are not cooked and

destroyed whilst they are vomited forth from craters or other openings. The
explanation of their appearance during volcanic eruptions is that they abound in the

numerous lakes and torrents of the Andes, that they are killed by the sulphuretted

gases escaping during an eruption, and swept down by the torrents of water issuing

from the volcano." {Giinther.)

In the Claeiid^ the body is eel-like, and the dorsal and anal fins are extremely

long, the former extending from the nape to the tail. A peculiar accessory gill is

attached to the posterior edge of the second and fourth brancliial arches, and is



FISHES. 115

received in a cavity behind the gill-cavity proper. The head is mailed above, the

body naked ; there are eight barbels, and the mouth is of moderate size. " The
skeleton is formed by a soft, cartilaginous substance covered by mucous membrane, in

which the vessels are embedded." The species inhabit the mud and swamps of

India, East Africa, and the East Indies. They are among the largest of the Nematog-

nathi, some of them reaching a length of six feet. Nearly thirty species are known.

The PiiOTOsiD^ (including CsAciDiE) are naked cat-fishes, with a short first dorsal

above the pectoral, and a very long second dorsal, which is similar in form to the

anal, and is connected with the latter around the tail. The gill membranes are

united and free, or more or less joined to the isthmus, and barbels are developed

around the mouth, which is commonly large. About a dozen species are known, from

the fresh or brackish waters of India, Australia, and Polynesia, most of them entering

the sea. They reach a length of one or two feet.

The great majority of the Nematognathi belong to the typical family of Silueid^e,

which, even in the restricted sense in which it is understood by Dr. Gill, contains

upwards of one hundred genera, and over seven hundred species. The members of

the family agree in having the skin naked or imperfectly mailed ; the opercukim

present; the dorsal fin short (rarely wanting), inserted above or in front of the

ventrals ; the adipose fin without spine (rarely wanting) ; the lower pharyngeals

separate ; the barbels about the head well developed. Members of the family are

found in all parts of the world where any of the order of N'ematognathi occur. To

this family belong all of the marine species. In the present work we can only glance

at the principal sub-families and some of their leading genera.

The typical sub-family, or Silurinte, has the dorsal fin very short and the anal fin

very long, while the adipose fin is rudimentary or wanting. The gill membranes are

more or less free from the isthmus. The species of this group belong entirely to the

Old World, being especially abundant in the fresh waters of the East Indies,

Southern Asia, and Africa. Eighty species are enumerated by Dr. Gtinther. A
single one is found in Europe, being tlie only Siluroid fish in that region. This is

Silurus glanis, the Wels of the Germans, the Saluth of the German Swiss, the

sheat-fish of the English, the Silurus of the Latins, ^ilovqoi or ri.uvtg of the Greeks.

Next to the sturgeon, the /Silurus is the largest fish in Europe, reaching at times

a weight of three hundred to four hundred pounds. In its distribution it is confined

to central and eastern Europe, not being found in Great Britain, Prance, Spain, or

Italy. Valenciennes speaks of it as a lazy fish :
" it holds itself in the depths on

bottoms of clay or mud ; it hides itself there, and is warned of the approach of its

prey by means of its barbels ; this renders it difficult to take by means of nets, as the

latter pass over it. In times of storm it rises to the surface, and thus it happens that

it is sometimes strewn on shore by the waves.

"It is very voracious. It is said that of all fishes it spares only the perch, and

this because of its spines. It destroys many aquatic birds, and it is said that it does

not spare even the human race. On the 3d of July, 1700, one was caught by a

peasant at Thorn, which had a small child whole in its stomach." Stories are also

told of its having swallowed whole children and young girls in Hungary, and in

Turkey even a grown woman, with a ring and a purse full of gold ; but I fear, how-

ever, that on these cat-fish stories we must draw the line somewhere.

The Bagrinse have a short dorsal fin placed in front of the ventrals, a long adipose

fin, a short anal fin, teeth on the palate, the gill membranes free from the isthmus, and
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eight barbels. Nearly all the sixty or seventy known species inhabit the streams of

the East Indies, and of neighboring parts of Asia. Two of them, belonging to the

typical genus Porcus {Bagrus), are found in the Nile, and reach a length of five or

six feet.

The Ictalurinse are the cat-fishes of North America. They are the only members
of the order which inhabit the fresh waters of our continent, and with the exception

Fig. 79.— Silurus glanis, sheat-flsh (below); Lota lota, burbot (above).

of one or two Asiatic species of Amiurus they are strictly confined to that region.

One species is known from Mexico, and another from Central America, while two or

three extend their range northward into the British possessions. With these excep-

tions the entire sub-family is confined to that part of the United States which lies

east of the Eocky Mountains, and within this region there is scarcely a permanent
stream or pond which has not one or more species of cat-fish, ' bull-head ' or ' horned-

pout.'

The North American cat-fishes agree in having the skin everywhere entirely naked
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and smooth, the mouth rather large, with thin lijjs and eight barbels, the palate tooth-

less, the gill membranes free from the isthmus, the adij)ose fin short, the dorsal fin

shoi-t, armed like the pectoral with a sharp spine, and the anal fin of moderate length.

Twenty-five species are well known, and these are usually placed in five genera,

•although two of these ( Gronias and Ainiurus) are very similar to Ictalurus.

The genus JVbturus is distinguished by the form of its adipose fin, which is long

and low, adnate to the back, and joined to the caudal. Its species, eight or nine in

number, are known as stone-cats, and are very small in size, most of them not exceed-

ing six inches in length. They abound in small brooks, among logs and weeds, in the

southern and western states. The wounds produced from the sting of their sharp

pectoral spines are excessively jjainful, in character much like those caused by the

sting of the dorsal spines of Scorpcena, and much more severe than an ordinary bee-

sting. In the axil of the pectoral is a pore, which is probably the opening of the duct

of a poison gland. " From it," observes Professor Cope, who was the first to notice

this character of Noturus, " may fi-equently be drawn a solid gelatinous style ending

in a tripod, each limb of which is dichotomously divided into short branches of regular

— Amiurus nebulosus, hox'ned-pout, bull-head.

length." Nothing further is known of this poison gland, a feature which is well worth

a thorough study.

The genus Xeptops contains a single species of large size, the mud-cat {Leptops

olivaris), living in muddy bottoms of sluggish streams and lakes throughout the

west and south. It has a large flattened head and projecting lower jaw, and is

especially distinguished from the species of Amiurus by the arrangement of its teeth.

The genus Gronias comprises a single species {G. nigrildbris), a small blind cat-

fish, a few specimens of which have, been taken in a cave in southeastern Pennsyl-

vania. It differs from Amiurus only in the partial obsolescence of its eyes, and it is

doubtless a recent oiSshoot from some of the eyed species found in that region.

The genus Amiurus comprises most of the common cat-fishes, fifteen species being

at present recognized. Of these, the best known and most abundant species is Amiu-

rus nebulosus, the common horned-pout or bull-head of New England, the small cat-

fish of the great lakes, and generally distributed in the ponds and bayous of the

north and east. Lately it has been introduced into the waters of California, where it

has thrived remarkably, and already it is one of the most important food-fishes of the

Sacramento basin. It is an especial favorite with the Chinese at San Francisco.
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Notwithstanding its homely appearance, this cat-fish is much superior as food to many
species which have a higher reputation.

The horned-pout is a sluggish fish, fond of the mud, and growing best in weedy
ponds and waters which have no current. They stay near the bottom and move
slowly about with their barbels widely spread, watching for anything eatable. They
will take any kind of bait from an angle-worm to a piece of a tin tomato-can ; they

bite firmly, and without any sort of coquetry, and rarely fail to swallow the hook.

They are very tenacious of life, and will live in any sort of pond or pool where frogs

or salamanders can exist. They can endure removal from water longer than any other

of our fresh-water fishes, except Amia calva and perhaps Umbra limi. Tliey spawn

in the spring, and the adult fishes lead the young in great schools near the shore,

apparently caring for them as a hen cares for her chickens.

Most of the species of Ainiurns are brown in color, and have the caudal fin trun-

cate. There are other species in which the caudal is more or less forked, and the

coloration more silvery or more black. These s2Decies reach a much larger size, two

of them, Amiurus nigricans, the great lake cat-fish, and Amiurus ponderosiis, the

great Mississippi cat, often exceeding the weight of one hundred pounds. The latter,

which is the largest of our cat-fishes, perhajjs reaching two hundred pounds.

The genus Ictalurus comprises the channel-cats, species distinguished from Amiu-
rus by the backward prolongation of the supra^occipital bone, which in its emargi-

nate apex receives the pointed anterior end of the second interspinal bone, thus

forming a continuous bony bridge under the skin from the skull to the dorsal fin.

The skin is thin, the color silvery, and the caudal fin is deej)ly forked. The channel

cats, of which three species are known, live in the running streams, and are much
more active than the Amiuri, and correspondingly less tenacious of life. They reach

a weight of eight to fifteen pounds. The most widely distributed species is Ictalurus

punctatus, an excellent food fish.

The sub-family Pimelodinse represent in tropical America the IctaluriniE of the

north. A few species are also found in Africa, the total number now known being

nearly one hundred. None of them have more than six barbels ; many are noteworthy

for the spatulate form of the long snout, and still others for the great length of the

adipose fin. Some have teeth on the palate, while othei-s have this region naked.

Nearly half the sjjecies are referred by Dr. Gtinther to the typical genus Pimd-
lodiis, to Avhich genus all the North American cat-fish were very erroneously referred

by Valenciennes and by many Amei-ican writers, both before and after him.

The Ariinas, or sea cat-fishes, resemble in a general way the channel-cats (Ictalurus)

of our rivers. The nostrils are, however, closer together and without barbels, the

number of these appendages being thus reduced to six or four. There is also a bony

shield, ' occipital jsrocess,' covering the posterior part of the head and the nuchal region,

and behind this a smaller ante-dorsal shield before the dorsal fin. The skin of the

head sometimes covers these membrane bones, but in most cases they are exposed,

and very hard. The dentition varies very much among the AriinsB, but there are

usually teeth on the palate. The skin of the body is usually smooth.

The AriiniB are mostly i-ather large fishes, ranging from less than a foot to more

than five feet in length. They are held in low esteem as food. Most of them are

marine, living near the shore, especially on sandy bottoms, and often found in the

surf. More than a hundred species are known, three fourths of which belong to the

typical genus Galeichthys {Arius). They are inost numerous in the East Indies, and
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on both coasts of Central America, and soutliwai-d. Two species, the gaff-topsail cat

{^htrichthys marinus) and the sea-cat {Oaleichthys felis), abound everywhere on

the South Atlantic and Gulf coast of tiie United States, although singularly enough

neither of these, nor any other species, has been found on the coast of Cuba. The

character of the coral shores of that island is probably unfavorable to them, and the

channels which surround Cuba are perhaps too deep for them to cross.

In many— perhaps most— of the species of this group the eggs, which are

larger than peas, are taken into the mouth of the male, and are there cared for until

hatched.

The BagariinsB comprise about twenty species of fresh-water Siluroids, mostly of

small size, inhabiting the streams of the East Indies and southern Asia. These have

the head naked above, and the nostrils close together, with a barbel between them.

Some of them, living in swift waters, have on the breast a sucking disc, formed of longi-

tudinal plaits of skin, being thus enabled to resist the force of the streams.

The Doradinse are characterized by the restriction of the gill openings to the sides

by the adhesion of the gill membranes to the isthmus; the nostrils are well se^jarated,

and the general arrangement of the fins is not unlike that found in the Ariinse. The

mouth is generally small, the sharp snout projecting beyond it, and in many species

the lateral line is armed posteriorly with spinous shields. About sixty species are

known, nearly all of them inhabiting the fi-esh waters of tropical South America east

of the Andes, where they form a prominent feature of the fish fauna. A single genus,

Synodontis^ with numerous species, inhabits the streams of Africa.

Concerning the species of Doras, Dr. Gilnther remarks :
" These fishes have excited

attention by their habit of traveling during the dry season from a piece of water

about to dry up in quest of a pond of greater capacity. These journeys are occasion-

ally of such a length that the fish spends whole nights on the way, and the bands of

scaly travelers are sometimes so large that the Indians who happen to meet them fill

many baskets of the prey thus placed in their hands. The Indians supposed that the

fish carry a supply of water with them, but they have no special organs, and can only

do so by closing the gill openings, or by retaining a little water between the plates of

their bodies, as Hancock supposes. The same naturalist adds that they make regular

nests, in which they cover up their eggs with care, and defend them, male and female

uniting in this parental duty until the eggs are hatched. The nest is constructed at

the begining of the rainy season, of leaves, and is sometimes placed in a hole scooped

out of the beach."

The Rhinoglaninaa comi^rise two or three species of very small cat-fishes, less than

three inches in length, from the Nile and the Ganges.

The Malapterurinas, distinguished by the absence of the dorsal fin, comprise three

species, which reach a considerable size, and are found in the i-ivers of northern

Africa. One of them, the electric cat-fish of the Nile, Malaptentnis electricus, has

excited much interest among anatomists. Its electric organ, according to Di\

Gtinther, "extends over the whole body, but is thickest on the abdomen; it lies

between two aponeurotic membranes below the skin, and consists of rhomboidal cells,

which contain a rather firm gelatinous substance."

The shock from this animal is said by Adanson to resemble that from a Leiden

jar. It is communicated through an iron I'od as well as by direct contact. This is

true also of the shock of the electric rays. One of the typical specimens of JSfarcine

umbrosa, an electric ray, was stabbed, when alive, with a pocket knife by a fisherman
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at Key West. The animal gave a vigorous shock, to the surprise of its captor, who
was unacquainted with its electric powers.

The Nematogenyinee comprise about three species of small fishes ' from South

America. These have the dorsal above the ventrals, and approach in many respects

the next family, with which they are associated by Dr. Gllnther.

The family Teichojiyctbeid^ is distinguished from the Siluridse by the position

of the dorsal fin, which is inserted behind the ventrals, the latter fins being sometimes

absent. About fifteen species are known ; small fishes inhabiting the Andean regions

in South America, some of them at great altitudes. Some of them (sub-family Stego-

philinee) are very small fishes which live in the gill cavities of larger Siluroids. They

Fig, 81.— Malaptenmcs electricits, electric cat-tisli.

are probably not parasites, but enter these cavities for pi-otection merely. The resem-

blance of the fishes of this famil}- to the Cobitidte, or loaches, has been noticed by Dr.

Gtinther. Their likeness in appearance and habits, and even in coloration, offers " a

striking example of the fact that similar forms of animals are produced under similar

external physical conditions."

The family of HtpophthalmidjE diverges from the other Nematognathi, as already

stated, in the unmodified character of the anterior vertebrae. The lower pharyngeal

bones are firmly united, and the number of branchiostegals much increased. The gill

openings are very wide, and the gill arches are armed with long gill rakers. The

dorsal fin is behind the ventrals, and the adipose fin is very small. There are six

barbels. The skin is everywhere smooth. The physiognomy is peculiar from the
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inferior position of the eyes, which are usually below the level of the mouth. The six

or eight known species inhabit the rivers of northern Brazil and Surinam.

According to Dr. Gtinther, " the first appearance of Siluroids is indicated by some

fossil remains in tertiary deposits of the highlands of Padang, in Sumatra, where

Pseudotropius and JBagarius, types well represented in the living Indian fauna,

have been found. Also, in North America, spines referable to cat-fishes have been

found in tertiary formations."

OuDER VI.—SCYPHOPHOEI.

The small order of Scyphophori is placed by its author, Pi-ofessor Cope, between

the Siluridse and the CyprinidsB ; but, according to Professor Gill, its most intimate

relations are with the Gymnonoti. The following are the technical characters origi-

nally assigned to it : Physostomous fishes, with the " isarietals narrow, distinct from

each other and the supra-occipital. Pterotic large, funnel-shaped, enclosing a cham-

ber which expands externally, and is covered by a lid-like bone. No symplectic.

Opercular bones present. Anterior vertebrae unaltered. No mesopterygium. Basis

cranii simple. No interclavicles."

About fifty-five species of Scyphophori are known, inhabiting the rivers of tropical

Africa, where many of them are important as food-fishes. They have an oblong or

elongate form, the head naked, the body scaly, the dorsal fin rather long, of soft rays

only, the mouth usually small, and the gill openings reduced to a small slit. All of

the species possess a rudimentary electric organ on each side of the tail. This is said to

be " without electric functions, but evidently representing a transitional condition from

muscular substance to an electric organ. It is an oblong capsule, divided into numerous

compartments by vertical transverse septa, and containing a gelatinous substance."

Two families are usually recognized in this order ; the MoEMTKiDiB, having the

ventral, anal, and caudal fins well developed, and the tail diphycercal; the other,

GvMifAECHiD^, with the lower fins all wanting, and the isocercal tail without a caudal

fin. Of the latter family, a single species only, Gymnarchus niloticus, is known.

This fish reaches a length of six feet, and is remarkable for the cellular structure of

its air-bladder, resembling that of Amia and Lepidosteus, and probably similarly used

as an imperfect lung.

Species of Mormyrus found in the Nile were " an object of veneration to the

ancient Egyptians, and [its representation] therefore frequently occurs in their emble-

matic inscriptions. They abstained from eating it because it was one of the three

different kinds of fishes accused of having devoured a member of the body of Osiris,

which, therefore, Isis was unable to .recover when she collected the rest of the scattered

members of her husband." ( Gilnther.)

Ojbdek VII.— TELEOCEPHALI.

The great majority of the true fishes are, in Professor Gill's classification, referred

to a single order, which is terme'd by him Teleocephali. This includes the orders of

Glanencheli, Hajjlomi, Isospondyli, PlectosiDondyli, Percesoces, Synentognathi, Per-

comorphi, and Pharyngognathi of Professor Cope's system, or the orders of [Gymno-

noti] Eventognathi, Isospondyli, Haplomi, Synentognathi, and Acanthopteri of the

arrangement adopted by Jordan and Gilbert.
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In regard to these different groups, there is no doubt that each represents one or

more diverging lines of descent, and on the otlier hand that they are all more or less

intertangled through the presence of intermediate forms. The reasons for placing all

these forms in one order, as well as the general characters of that order, are thus indi-

cated by Professor Gill :
" Among the most generalized of the typical fishes, and

which have been by common consent regarded as most nearly allied to the Ganoids, are

the physostomous Teleocephals, best known under the forms of the Cyprinoids, Clu-

peoids, and Salmonoids. With these the pikes, Scomberescoids, and perches, and, in

fact, all those forms most familiar to men at large, numerous as they are, appear to agree

in all material respects as to skeletal peculiarities and the character of the brain. ... It

may be said that a general description of the skull and shoulder girdle of a cod, a

perch, a mullet, a pike, a salmon, or an electric eel, would almost equally well apply to

the one as to the other, or any other teleostean fish, so far as the simple numher and

essential connection of the bones are concerned. The frontal bones may be single or

double, the anterior sphenoid may be present or absent, the palatine and pterygoid

bones may be distinct, or, as in the electric eel, in part fused together, the scapular

arch may be attached by one or two processes to the skull, a mesocoracoid may or may
not be persistent, and even the paraglenal bones may be quasi-cartilaginous ; but the

agreement in other respects is so close in contrast with the rej)resentatives of other

orders that the exigencies of classification seem to be best met by the union of all such

in one order. In all, the deviations in the skull are comparatively slight, and the

scapular arch is composed of a post-temporal and postero-temporal, the latter connect-

ing with the proscapula, while the paraglenal or coracoid is differentiated into at least

a hypercoracoid and a hypocoracoid, the latter two bearing the actinosts, which are

generally four or (rarely) five in number. With the iDostero-temporal or jjroscapula is

connected a ' post-clavicle,' from which is generally developed a second distal bone,

and sometimes (in Clupeidae) several. The brain, heart, and vascular system gene-

rally, and hyo-branchial apparatus are fundamentally similar, but exhibit (especially

the last) minor modifications that indicate narrower differences, and that may be

used in the distinction of inferior groups. For all the forms possessing the common
characters alluded to may be retained the ordinal name Teleocej)hali.

" If a typical physostome fish (e. g. Clupeid) and a specialized j^hysoclist form (e. g.

Perca, Slennius) ai'c contrasted, the differences certainly appear to be considerable,

and are exhibited (1) in the jiresence or absence of a ductus pneumaticus; (2) the

position of ventrals, abdominal or anterior
; (3) the presence or absence of a meso-

coracoid
; (4) the junction of the parietals, or their separation by the intervention of a

supra-occipital
; (5) the presence of articulated branching rays, or their representation

by spines; (6) the low or comparatively high insertion of the pectoral fins; and (7)

the course of the lateral line, whether decurved in the direction of the abdomen, or

curved in the direction of the back.

" But distinct as the forms appear to be when contrasted, numerous forms inter-

vene in which the characters successively disappear, or are combined in different ways,

and the most esteemed differential characters (presence or absence of the ductus

pneumaticus) are found in forms on the one hand so blosely related (Cyprinodontidos

vs. Synentognathi), and on the other hand so much differing from the next or adjoin-

ing forms, that the demands of classification appear to be best met by their union in

one order."

In this view, groups representing several diverging tendencies or lines of descent
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are grouped in one order, because at certain points they approach closely to each

other. On the other hand, the sijecialized extremes of some of these lines, as Hemi-

branchii, Lophobranchii, Plectognathi, Heterosomata, are regarded as forming distinct

orders, although the evidence of their descent from certain groups of Teleocephali

seems clear enough. It is in some regards unnatural to separate these extreme forms

as orders, while leaving the main branches, with their diverging relations, in one

group.

As to the facts in the case, there is, however, no essential disagreement, in the

views of American ichthyologists at least; and whether the chief subdivisions of the

Teleocephali be regarded as sub-orders (as by Dr. Gill) or as orders (as Professor

Cope and the writer have preferred to do) is not a question of high importance. It

is rather a matter of taxonomlc convenience.

Admitting then, for the present purpose, the order Teleocephali as defined by Dr.

Gill, we may proceed to the consideration of its several sub-orders. Of these, the first

four to be mentioned (Gymnonoti, Eventognathi, Isospondyli, and Haplomi) are dis-

tinguished by the presence of a slender duct, connecting the air-bladder with the

alimentary canal, as is also the case with the N"ematognathi and Scyphophori already

mentioned. These groups so characterized are often known collectively as the Phy-

sostomi. With few exceptions their ventral fins are abdominal, and, with the dorsal

and anal fins, are devoid of sjsines.

In the remaining sub-orders, as in the Plectognathi, Pediculati, and other aberrant

or specialized orders, there is no pneumatic duct. These groups constitute the Physo-

clisti, and for the most part the physoclistous fishes have the ventral fins anteVior in

position, and inarticulate rays or spines in the dorsal, anal, and ventrals. To this there

are, however, many exceptions, as will be seen. Of the sub-orders of Teleocephali, the

one least specialized in structure, and therefore the ' lowest,' is the Gymnonoti.

Sub-Order I.— Gymnonoti.

This sub-order contains about twenty species of fishes from the fresh waters of

South and Central America, chiefly east of the Andes. They are slender and com-

pressed, somewhat eel-like in form, and with tapering tail, which is said to be i-epro-

duced when injured in any way. The characters assigned to the order by Professor

Cope are the following: "Scapular arch suspended to the cranium, parietal bones

extensively in contact, distinct
;
pterotic normal ; a symplectic ; opercular bones com-

plete ; mouth bounded by premaxillaries chiefly ; six or seven basilar ])ectoral rays ; no

priEcoracoid or interclavicles ; anterior vei-tebrse united, modified, and with ossicula

auditus ; superior pharyngeal bones subequal, continuous."

More obvious characters, besides the elongate body and the tapering, usually fin-

less, tail, are the absence of the dorsal fin and the great length of the anal fin, the

vent being at the throat, and the latter fin extending thence to the end of the tail.

The head is naked, the body naked, or more usually covered with small scales. The

mouth is small, sometimes placed at the end of a long tube-like snout. The gill open-

ings are narrow, as in the eels, and as in the latter grouj:" there are no ventral fins.

The name Glanencheli, given to a portion of this group by Professor Cope, sug-

gests his view that it is intermediate between the eel-like siluroids (Clariidse) and the

eels. A similar view seems to be held by Professor Gill, who observes of the eels that

" their afiinities with the more generalized forms of the order are possibly with the
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Gymnonoti, but the Lints furnished by the elongated body and increased number of

vertebrae, etc., may be illusive."

The Gymnonoti are usually held to constitute a single family, Gtmnotidje,

although by Professor Gill the scaleless electric eel is made the type of a separate

family, Electrophoridse. Professor Cope goes still farther, and, retaining the electric

eel alone in the order of Glanencheli, he refers the remaining species, constituting

the family of Sternopygidse, to the group of Plectospondyli (Eventognathi). Accord-

ing to him, the Electrophoridse are distinguished by the structure of the fins and the

Fig, 82. -.- Electrophorus electricusy electric eel.

rudimental maxillary bones from the Sternopygidae, with which they have been hitherto

associated.

Of the two families, the ELECTEOPHORiDiB is superficially characterized by the

absence of scales, and by the presence of an electric organ on each side of the base

of the tail. Its single species, the famous electric eel {JElectro2}horus electricus),

inhabiting the rivers of Brazil, has excited much interest among anatomists. It

reaches a length of six feet, and is the most powerful of all the various electric fishes.

The electiic organ "consists of two pairs of longitudinal bodies, situated immediately

below the skin, above the muscles ; one pair on the back of the tail, the other pair

along the anal fin. Each fasciculus is composed of flat partitions, or septa, with

transverse divisions between them. The outer edges of the septa appear in nearly

parallel lines in the direction of the longitudinal axis of the body, and consist of thin
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membranes which are easily torn ; they serve the same purpose as the columns in the

analogous organ of the torpedo, making the walls or abutments for the perpendicular

and transverse dissepiments, which are exceedingly numerous and so closely aggre-

gated as to seem almost in contact. The minute prismatic cells, intercepted between

these two sorts of plates, contain a gelatinous matter ; the septa are about one-thirtieth

of an inch from each other, and one inch in length contains a series of two liundred

and forty cells, giving an enormous surface to the electric organs. The whole appara^

tus is supplied by more than two hundred nerves, which are the continuation of the

rami anteriores of the spinal nerves. In their course they give out branches to the

muscles of the back, and to the skin of the animal. In the electi-ic eel, as in the tor-

pedo, the nerves supplying the electric organs are much larger than those bestowed on

any part for the purposes of sensation or movement." (^Gilnther.)
.

The Stbrnopygid^ are smaller in size, and the body is covered with small scales,

and not provided with an electric organ. The species abound in the j-ivers of tropical

South America ; about twenty are recorded.

SiTB-OeDBR II.— EVENTOGNATHI.

The sub-order of Eventognathi or Plectospondyli comprises a vast assemblage of

fresh-water fishes, some of which are found in almost all parts of the globe. They

are physostomous fishes, with the anterior vertebrae united and modified as in the

Nematognathi and the Gymnonoti, but without most of the other peculiarities of these

groups. Professor Cope thus defines the group, which he calls Plectospondyli :
" Pari-

etals broad, distinct; pterotic normal, symj)lectic present; opercular bones all present;

no interclavicles ; anterior four vertebrae much modified, and with ossicula auditus."

The name Plectospondyli alludes of course to the union of the anterior vertebrae. The

name Eventognathi, of earlier date, refers to the peculiar development of the lower

pharyngeal bones which is found in many of the fishes of this order,— in all which

inhabit the north temperate zone. This structure will be described farther on. Those

not having falciform pharyngeals (Characinidse) have been placed among the Isospon-

dyli by Dr. Gill, but they probably belong rather with the present group, although in

many regards they resemble the Salmonoid fishes.

The Eventognathi may be divided into six families. Of these, the Characinidse

have the lower pharyngeals not falciform, the jaws usually with teeth, the gill open-

ings various, and an adipose fin usually developed. The others all agree in having

the lower jjharyngeals more or less falciform and parallel with the gill arches, the

mouth toothless, the gill openings restricted to the sides, and no adipose fin. In both

groups, so far as I know, there are but three branchiostegals.

The family KNEEiiDiE is composed of two little minnow-like fishes belonging to

the genus Kneria, and inhabiting the streams of central Africa. They differ from the

Cyprinidae mainly in the entire absence of pharyngeal teeth.

The HoMALOPTERiD^ comprise about thirteen species of small loach-like fishes,

inhabiting the mountain streams of the East Indies. They have no air-bladder, and

the number of phai-yngeal teeth is greater than that seen in the loaches or carp, being

from ten to sixteen.

The CoBiTiD^, or loaches, are small fishes, all less than a foot in length, inhabiting

the fresh waters of Europe and Asia. They are allied to the minnows in structure,

but are for the most part slender and somewhat eel-like in form. The mouth is sur-
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rounded by rather long barbels. The body is usually covered with small scales, the

pharyngeal teeth are few in number, and the air-bladder is enclosed in a bony capsule.

Many of the species are provided with an erectile spine below the eye.

The loaches are bottom fishes, feeding on insects aiid worms, and often burying

themselves in the mud or sand. They often lie quiescent for a considerable time,

moving very quickly for a little distance when disturbed, in a manner not unlike that

of the darters and gobies, which occupy a similar position in American waters.

Some species of loach are found in most European streams, but none occur either

in America or Africa. The commonest European species is Nemachilus barbatula.

The largest family of fishes is that of Cypeiuidje, the carp family. It comprises

Fig. 83.— a, Misgurnus fossUis ; b, Cobitis tmnia , c, NamcLchilus barbatula, loaches.

upwards of one hundred and seventy-five genera and nearly two thousand species, found

in the rivers of all parts of the world except South America, Australia, and the Polar

regions. To this family belong the various fishes which have received the vernacular

names of carp, chub, dace, roach, minnow, bream, and shiner. Among the Eventog-

nathi, they are distinguished by the following characters : The premaxillaries always

form the entire margin of the upper jaw : the mouth is ah\'ays toothless ; the lower

pharyngeal bones are falciform, nearly parallel with the gill arches, and each provided

with a small number of comparatively large teeth. These teeth are arranged in one,

two or three rows, the main row containing from four to seven teeth, the other rows,

if present, from one to three. The teeth of the main row are in some cases coarse

arid blunt, forming molars. In other cases, they are slender and straight, with a

narrow groove (grinding surface) on the inner cutting edge towards the point. In
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very many species they are hooked at the tip, and the grinding surface is rudimentary
or entirely wanting. Besides these, all sorts of varying and intermediate forms are

found, and the differences in the numbers and forms of these teeth afford means for

the subdivision of the family into genera and sub-genera. In general, those species

with long intestines, and consequently herbivorous or rather limnophagous in habit,

have straight teeth with developed grinding surface, while the carnivorous species

have longer and more hooked teeth. The air-bladder in the Cyprinidte is without

bony capsule. The barbels, when present, are small. The head is naked, the body
usually scaly. The ventral fins are abdominal. The dorsal and anal are variable in

size and are sometimes armed anteriorly with a spine. The caudal fin is forked.

For the most part, the Cyp;-inid£e are small and feeble fishes of compai-atively

simple structure and weak organization. They form a large share of the food of the

predatory fishes which inhabit the same waters, and their great abundance, as com-
pared with that of more active species, furnishes another illustration of the (apparent)

survival of the unfittest. They spawn profusely and find everywhere an abundance

of food. In many cases they check the increase of the jsredatory fishes by devouring

the eggs of the lattei-.

In many cases the breeding dress of the males is very brilliant, rendering these

little creatures, for a time, among the most beautiful of fishes. In spring and early

summer, the fins, the sides and other parts of the body are often charged with bright

pigment, the prevailing color of which is rosy, although in some cases it is satin-

white, orange, yellowish, or jet black. Among American genera, the brightest colored

species belong to Chrosoui.us, JVbtropis, and Rhinichtliyg. In very many species,

especially in America, the top of the head, the fins, and often the whole body, are

covered with small tubercles, outgrowths from the epidermis. These gradually dis-

appear after the breeding season. They are most highly developed in the peculiar

genus, Campostoma.

In North America about two hundred and sixty species are now known. These

are referred to forty genera by Jordan and Gilbert, but many of these genera are

simply sections made for the sake of convenience. The division of this group and of

other large groups of recent origin into natural genera is subject to many difiiculties,

because genera with exact definitions and clearly marked boundaries do not exist in

nature.

Nearly half the American species belong to the genus Notropis (= Minnilus).

This genus includes most of the smaller and weaker members of the family, ranging

from two to eight inches in length, the largest of the entire series being the common
shiner, or red-fin, of our streams (Nbtropis megalops). The species of JVbtropis are

characterized by the absence of any special peculiarities in mouth, intestines, or fins,

and by the presence of but four teeth in the main row on each side. Few, if any of

the European or Asiatic species have the teeth so small in number. None of the

species of JVbtropis are found in the waters cf America west of the Rocky Mountains.

In general, the minnows of America have fewer teeth than those of Euroije. In but one

of our species, Orthodon niicrolepidotiis, are there more than five teeth in the main row,

and in none are there three rows, or more than two teeth in the lesser row. In the old

world, those with more than five teeth in the main row are numerous, as well as those

with three rows of. teeth or with three teeth in the lesser row. The barbels, in the

few American species which possess them are very small, while in their European

analogues these appendages are conspicuous. In the eastern United States, there are
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no species closely related to any of those found in Europe, but among the species

of the great basin of Utah and California are numerous forms closely allied to

species found in Europe and northern Asia. Similar resemblances between the fauna

of western America and Asia have been noticed in other groups as well as in fishes.

Southward, the Cyprinidse have extended their range in America as far as central

Mexico, but none exist in Central America, South America, or Cuba. While they
abound in all parts of Europe and Asia, very few have entered the waters of Africa.

Many species have a very wide range of distribution, while numerous others are con-

fined to a single river basin. Such confined species are evidently products of differ-

ences in environment.

In Europe, different writers, especially Siebold and Gtinther, have described many
natural ' liybrid ' foims among the Cyprinidse, and certain writers have gone so far as to

be able to detect at once the parentage of such hybrids even to the indication of which
is the male aild which the female parent. I have had no opportunity to study any of

these alleged hybrids in life, and so can have no opinion as to the case in Europe. I am
sure, however, that the American species behave differently, as in all my somewhat
extensive exjjerience as a collector of these fishes, I have never yet found a specimen
which I had the slightest reason to regard as a hybrid.

Fig. 84— SemotUus buUarls, fall-fish, silver chub.

Intermediate species and varying species are of course numerous, and many of

them are extremely inconstant in their characters. It is, however, quite illogical to

ascribe these peculiarities to hybridism. While crosses between fishes which we con-

ceive to be distinct species, may doubtless sometimes occur in nature, I do not believe

that, either in America or Europe, they are so frequent as to make any confusion

in classifications. In other words, I believe that the great majority of alleged hybrid

Salmonidsa and Cyprinidse in Europe rest either on individual variations, or else on

real specific differences, and that Siebold's hypothesis of general hybridization is

unwarranted by the facts.

Among the American Cyprinidse the following are some of the most noteworthy

genera : Canipostoma, the stone-roller, differs from all other known vertebrates in

having its very long intestines, which are six or seven times the length of the body,

wound in a spiral of some fifteen coils around the air bladder. The species feed on
mud, and swarm in all small brooks of the western and southern states in the spring. In

this genus, as already noticed, the nuptial tubercles of the male are more developed

than in any other, often covering the entire head, body, and fins.

Another remarkable American genus is Exoglossum, the single species of which is

found in the rivers of the middle states. In this genus the two rami of the lower
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jaw are closely united for their whole length from base to symphysis. The contracted

lower jaw thus resembles a projecting tongue.

The genus JVotropis, already mentioned, comprises a host of small species, which

abound in all streams east of the Rocky Mountains, thus forming one of the most

characteristic features of the fauna of the eastern half of the United States.

The largest species of Cyprinidse (fall-fishes or chubs) found in the Eastern States

belong to the genus Semotilus. One of these {S. bullaris) reaches a length of

eighteen inches, being the largest Cyprinoid found east of the Rocky Mountains.

This genus is an ally of the European gudgeon {Gobio). Closely related to the

fall-fishes is the common horny-head, or river-chub {Hi/bopsis biguttatus), one of the

most widely distributed of our fresh-water fishes. West of the Rocky Mountains

species of larger size occur. Many of these belong to the Euroi^ean genus Squalius,

and are closely related to Old World forms. The largest American Cyprinoids

belong to the genus Ptychochilus. Some of these, in the basins of the Columbia,

Sacramento, and Colorado, reach a length of four or five feet, or even more. They

are long and slender species, with large mouths, and bear some slight resemblance to

the pike.

The genus ISfotemigonus, of which one species, the golden shiner {N. chrys'oleucus),

abounds in the eastern and northern states, represents in America the true bream

(Abramis). As in other cases, in this family the American species are smaller and

feebler fishes than those of Europe.

In the great basin of Utah two genera of small fishes (Mecla and Lepidomeda)

are found, which have the short dorsal fin armed with a stout spine, which is formed

of two, the posterior fitting into a longitudinal groove in the anterior. All the

American Cyprinidse have the dorsal fin short, usually of eight rays. In many of the

Old World genera, especially those of Asia, the dorsal fin is elongate, having fifteen

to twenty or more rays, and sometimes preceded by a serrated spine, resembling the

spine of the cat-fish.

Of the species with long dorsal the one most celebrated is the carp
(
Cyprinus

carpio). This fish is a native of the rivers of China, where it has been domesticated

for centuries. N^early three hundred years ago it was brought to northern Europe,

where it has multiplied in domestication, and become naturalized in many streams and

ponds. Of late years the cultivation of the carp has attracted much attention in

America. It has been generally satisfactory where the nature of the fish has been

understood, and where expectations have not been too high.

The carp is a dull and sluggish fish, preferring shaded, tranquil, and weedy waters

with muddy bottoms. Its food consists of water insects and other small animals, and

vegetable matter, such as the leaves of aquatic plants. They can be fed on much the

same things as pigs and chickens, and they bear much the same relation to trout and

bass that pigs and chickens do to wild game and game birds. The carp is a very

hardy fish, grows rapidly, and has immense fecundity, 700,000 eggs having been

found in the ovaries of a single individual. It reaches sometimes a weight oi thirty

to forty pounds. As a food fish the carp ranks high. Though inferior to the trout,

white-fish, shad, and other superior fishes, it compares favorably, when properly

cooked, with most of our fishes, either marine or fi-esh water.

The carp, either native or in domestication, has many enemies. In America, cat-

fish, sun-fish, and pike, prey upon its eggs or its young, as well as water-snakes, turtles,

king-fishers, cray-fishes, and many other creatures which live about our ponds, and in

VOL. III. — 9
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sluggish streams. In domestication numerous varieties of the carp have been formed,

the " leather-carp " (Lederkarpfen) being scaleless, others, " mirror-carp " (Spiegelkarp-

fen), having rows of large scales only along the lateral line, or the bases of the fins.

Closely allied to the carp is the gold-fish (Carassius auratus). This is also a

common Chinese fish, introduced in domestication into Europe and America,. The
golden yellow color is found only in domesticated specimens, and is retained by

I'lG. 8B.

—

a, Ojprinus carpio, carp; b, mirror-carp; o, Carassius auratus, goldflsh; d, JBarbus barhus, barbel.

artificial selection. The native goldfish is olivaceous in color, and where the species

has become naturalized (as in the Potomac River, where it has escaped from fountains

in Washington) it reverts to its natural greenish hue. The gold-fish is valued solely for

its bright colors as an ornamental fish. It has no beauty of form, nor any interesting

habits, and many of our native fishes (Percidas, Cyprinidee) far excel it in attractive-

ness as aquarium fishes. Unfortunately they are less hardy. Many varieties and

monstrosities of the gold-fish have been produced by domestication.

Allied to the carp is the barbel (JBarbus barbus), which abounds in the rivers of
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Europe. Similar species are found throughout southern India, and one of the barbels

{Sarbus mosal), from the mountains of India, is said to be the largest of the Cypri-

nidse, reaching a length of more than six feet, and having scales "as large as the palm

of the hand."

More closely allied to American Cyprinidse are the roach {Leuciscus rutilus), the

chub (Squalius cephalus), the dace (Sqnalius leuciscus), the id (Tdus), the red-eye

{Scardinius), the minnow {Phoxinus), the gudgeon (Gobio), the bream (Abramis),

the- bleak {Alburnus), and the tench (2'inca). These species receive much more

attention from anglers in Europe than their corresponding species do in America. In

the United States the Cyprinidae are one and all considered as "boy's fish," un-

worthy the notice of the angler, who finds in the trout and bass of our streams a

much higher game. The Asiatic species are even more numerous and varied than

those of North America and Europe. Their characters need not, however, be further

noticed here. As food fishes, the Cyprinidffi all take a low rank. Their flesh is full

Fig. 86,

—

Ptyclwcheilus oregonensiSj Sacramento * pike.*

of small bones. It is soft, and readily spoils. When cooked, it is pale, and has little

flavor. Thoreau's remark that " a chub is a soft fish ; it tastes like brown paper

salted," applies to all of them.

Numerous species of fossil Cyprinidae have been described from the Great Basin

and neighboring regions. These belong chiefly or entirely to types now living in the

same region. Most of these are known from the pharyngeal bones only.

The suckers, or Catostomid^, are an off-shoot from the Cyprinidae, differing

chiefly in the structure of the mouth and of the lower pharyngeal bones. The border

of the mouth above is formed mesially by the small premaxillaries, and laterally by
the maxillaries. The teeth on the lower pharyngeals are small and very numerous,

arranged in one series like the teeth of a comb. The lips are usually thick and fleshy,

and the dorsal fin is more or less elongate (its rays eleven to fifty in number), charac-

ters which distinguish the suckers from the American Cyprinidae generally, but not

from those of the Old World.

About sixty species of suckers are known, all of them found in the rivers of North

America except two, which occur in Siberia and China. Only two or three of the

species extend their range south of the Tropic of Cancer into Mexico or Central

America, and none occur in Cuba or any of the neighboring islands. The majority
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of the genera are restricted to the region east of the Rocky Mountains, although

species of Catostomus, Chasmistes, and Pantosteus are equally abundant in indivi-

duals in the Great Basin and the Pacific slope.

In size the suckers range from six inches in length to about three feet. As food-

fishes they are held in low esteem, the flesh of all being flavorless and excessively full

of small bones. Most of them are sluggish fishes ; they inhabit all sorts of streams,

lakes, and ponds, but even when in mountain brooks, they gather in the eddies and

places of greatest depth and least current. They feed on insects and small aquatic

animals, and also on mud, taking in their food by suction. They are not very tena-

cious of life. Most of the species swarm in the spring in shallow waters. In the

spawning season they migrate up smaller streams than those otherwise inhabited by

them. The large species move from the large rivers into smaller ones; the small

brook species go into smaller brooks. In some cases the males in spring develop black

or red pigment on the body or fins, and in many cases tubercles similar to those found

in the Cyprinidas appear on the head, body, and anal and caudal fins.

The buffalo-fishes and carp-suckers, constituting the genus Ictiobus (including

Carpiodes and Sclerognathus), are the largest of the Catostoraidse, and bear a con-

siderable resemblance to the carp. They have the dorsal fin many-rayed, and the scales

large and coarse. They abound in the large rivers and lakes between the Rocky

Mountains and the Alleghanies, one species being found in Central America, and a

species of a closely related genus (Jli/xoci/primis uskUicus) in eastern Asia. They
rarely ascend the smaller rivers except for the fturpose of spawning. Although so

abundant in the Mississippi Valley as to be important commercially, they are very

inferior as food-fishes, being coarse and bony. The genus Cycleptus contains the

black-horse or Missouri sucker, a peculiar species with small head, elongate body, and

jet black coloration, which comes up the smaller rivers tributary to the Mississippi

and Ohio in large numbers in the spring. Most of the other suckers belong to

the genera Catostomus and Moxostoma, the latter being known, from the red

color of the fins, as red horse, the former as sucker. Some of the species are

very widely distributed, two' of them {Catostomus teres, JSrimyzon sucetta) being

found in almost every stream east of the Rocky Mountains. The most peculiar

of the suckers in appearance is the hare-lip sucker {Quassilabia lacera) of the

western rivers.

The large family of Chaeacinid^ seems to be naturally associated with the

Cyprinidae, although in many respects resembling the Sahnonidse. It inhabits the

fresh waters of those regions which have neither Cyprinoids nor Salmouoids, thus in

a way representing both in the streams of South America and Africa. About three

hundred species are known.

The Characinidse have the anterior vertebrsa coalesced and modified, and the air-

bladder communicating by auditory ossicles with the organ of hearing, as in the

Cyprinidffi and other Plectospondylous families. They differ from the latter in

several respects as regards the skeleton. More obvious distinctions are in the form of

the lower pharyngeal bones, which is more like that seen in ordinary fishes, and with-

out the peculiar and specialized teeth seen in the Cyprinidse, Catostomidte, and Cobi-

tidas. The mouth is in most cases provided with teeth, which are of various forms,

sometimes broad incisors, sometimes sharp canines, sometimes small or even entirely

wanting. An adipose fin is usually but not always present. The pseudobranchiss are

wanting, and there is much variety in the attachment of the gill membranes. The
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head is naked, the body scaly. The structure of the fins is in general similar to that

seen in the Cyprinidee.

No Characinidse are found in the Old World except in Africa. In America a very

few extend their range northward into Mexico and the southernmost of the West

Indies, and a single one
(
Tetragonopterus argentatus) is abundant in southern Texas.

The family is divided by Dr. Gtinther into eleven sub-families, only the more impor-

tant of which need be mentioned here.

The Erythrininae differ from the other Characins in having no adipose fin. The

species are all South American, and some of them are large fishes with very strong

Fig. 87.— Serrasalmo piranya, caribe.

teeth. The Curimatinae, likewise numerous in South America, have the teeth very

few or wanting, and the dorsal fin short.

The Citharininse, with the teeth likewise very feeble, have the dorsal fin rather long.

The few species are African. The Anostominse have the teeth well developed, and

the gill membranes grown to the isthmus. They are mostly small fishes from Brazil

and Guiana. Allied to them are the very small Nannocharacinse from Africa.

The largest of the sub-families is that of Tetragonopterinaa, distinguished by the

free gill membranes and the incisor-like teeth, which are notched or serrate on the edge.

The species are found both in South America and Africa. The largest genus is

Tetragonopterus, all the species of which are American.

The Hydrocyoninse differ especially in having the teeth in the jaws conical and

very strong. They are voracious fishes, many of them of large size, found in the

rivers of Africa and South America. Some of them {Ilydrocyon, Cynodon) reach
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a lengtli of four feet, and are very destructive to other fishes. The Distichodontinffi

and IchthyoborinoB are found in northern Africa, species of Distichodus being impor-

tant as food-fishes in the Nile region.

The SerrasahnoniniB have the belly serrated, the dorsal rather long, and the gill

membranes free from the isthmus. The numerous species abound in the waters of

South America, and some of them are very singular in form. They are nearly all

small in size, but according to Dr. Gunther, " their voracity, fearlessness, and number

render them a perfect pest in many rivers of tropical America. In all, the teeth are

strong, short, sharp, sometimes lobed incisors, arranged in one or more series ; by

means of them they out off a mouthful of flesh as with a pair of scissors ; and any

animal falling into the water where these fishes abound is immediately attacked and

cut to pieces in an incredibly short time. They assail persons enteiing the water,

inflicting dangerous wounds before the victims are able to make their escape. In

some localities it is scarcely possible to catch fishes with the hook and line, as the fish

hooked is immediately attacked by the ' caribe ' (as these fishes are called), and torn

to pieces before it can be withdrawn from the water. The caribes themselves are

rarely hooked, as they snap the hook or cut the line. The smell of blood is said to

attract at once thousands of these fishes to a spot."

Sub-Oedee III.— ISOSPONDYLI.
The great sub-order of Isospondyli comprises those physostomous Teleocephali

which have the anterior vertebrae separate and unmodified, and a prsecoracoid arch

developed. The lower pharyngeals ha^e not the form seen in the CyprinidsB, and

there are no auditory ossicles. Many species are provided with the adij)ose dorsal

fin. Within the order there are many modifications of sti'ucture. Some of the species

are fresh-water fishes ; many others are anadromous, that is marine fishes, ascending

rivers to deposit their spawn. Others are permanently marine, and still others are

adapted for life in great depths. A very large portion of the Bassalian or deep-sea

fish fauna is made up of Isospondyli. Such usually have a very feeble osseous and

muscular development, and a very strong dentition. They are also often provided

with series of phosphorescent spots. Isospondyli are found in all parts of the world

except in the rivers of some portions of South America ^nd Africa.

About thirty families of Isospondyli are usually recognized. Most of these group

themselves naturally about the important families of Clupeidse, Sahnonidas, and Stomia^

tidae ; most of the deep-sea forms being more or less allied to the latter group.

The family of CHiEOCENTKiDJi: contains but a single species, Chirocentrus dorab,

a large fish of the Indian Ocean.

The Engeaulidid^, or anchovies, are small fishes allied to the herrings, but

having the mouth very broad, its gape extending nearly to the gill opening, and

overlapped in front by a short snout. About seventy species are known, abounding

on the coasts of most temperate and torrid regions, and sometimes ascending the

streams. They swim in large schools, and are fishes of weak organization. All are

silvery in color, and most of them have a burnished silvery lateral band. They are

much used as bait, and some of the species are salted or pickled in large numbers.

Most of the species belong to the genus Stolephorits (Etigraulis), and the longest

known species is the anchovy of the Mediterranean, S. encrasicholus.

The DoEOSOMATiD^, or gizzard shads, are shad-like fishes, having the mouth small,

inferior, and toothless, overlapped by a blunt snout. The maxillary is very narrow
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and small, in fewer pieces than in the Clupeidae, which the species otherwise much
i-esemble. They are broad, silvery fishes, rather attractive in appearance, but lean and

bony, and therefore considered of little value as food. They inhabit the fresh and

brackish waters of the Atlantic coasts of North and Central America, as also those of

eastern Asia and Australia. On the Pacific coasts of America and the Atlantic coasts

of the Old World they are unknown. They are sluggish fishes, feeding on mud, and

remarkable for the muscular character of the stoniach, which resembles the gizzard of

a fowl. The twelve known species chiefly belong to the genus Dorosoma ( Chatoessus).

The common gizzard or hickory-shad of the United States is Dorosoma cepedianum.

The great herring family, or Clupeid^, comprises fishes with the body oblong or

elongate, compressed, covered with cycloid scales, the head naked, the mouth large,

with subequal jaws, and the teeth feeble or often wanting. The maxillary is well

developed, and composed of about three pieces. There is no lateral line. The gill

rakers are usually very long and slender, and the pseudobi-anchise are jDresent. Tlie

fin rays are all soft and articulated, and the fins have the positions most usual in soft-

rayed fishes. There is no adipose fin. Most of the species have the belly compressed

to an edge, and. serrated. About one hundred and thirty species are known, some of

Fig. 88.

—

Ciupea harengus, herring.

them found in all seas, and many of them ascending rivers for purposes of spawning.

They are mostly fishes of weak organization, swimming in great schools, and forming

a large part of the food of predatory fishes. Their importance to man is very great,

not from the especial value of individuals, but from their immense number, and the

ease with which they may be captured. It is thought that the Clupeidae comj)rise a

greater number of individuals than any other family in Ichthyology. The principal

genus is Clupea.

The common herring {Clupea harengus) inhabits both shores of the North

Atlantic, being found in immense schools. From its great abundance it is one of the

most valuable food fishes throughout northern Europe and the corresponding parts of

North America. Preserved by smoking, it is found in nearly every grocery store in

the United States, and it is also largely salted for food purposes. Very similar to

this species is the heri-ing of the Pacific {Clupea mirabilis), which inhabits the

corresponding latitudes in the Pacific, and is equally abundant, although less important

commercially, because less sought for by fishermen.

The alewife, or branch herring ( Clupea vernalis), a fish not unlike the common
herring, abounds on the coast of our northern states and Canada, ascending the rivers

with the shad in the spring for the purpose of spawning. It has become land-locked in

many of the inland lakes, where it is now permanently a fresh-water fish. This is also

true of the Ohio herring, or skipjack {Clupea chrysochloris), native in the Gulf of
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Mexico, but now abundant as a fresh-water fish throughout the Mississippi valley.

This species is rarely eaten, and is of no economic value. Closely allied to the alewife

is the glut herring, or blue-back {Clupea cestivalis), which on our eastern coast runs

later than the alewife, and is smaller and less abundant. The sprat {Clupea

sprattus) is another species of this type, inhabiting the coasts of Europe.

Still others are the allice shad (Clupea alosa), the thwaite shad { ClupeaJifita),

inhabiting the coasts of Eurojie, and the much more valuable American shad ( Clupea

sapidissima), found along the Atlantic coast of the United States. The American

shad is one of the largest of the family, and certainly as a food fish is far superior to

any of the other large species. It is found along our coast from New England to the

Gulf of Mexico, and ascends the different rivers in the spring to spawn. It has been

successfully introduced on the Pacific coast, and is now not uncommon in the

Columbia River and about the Bay of Monterey.

Species of rich flesh and little ossified skeleton are the different fishes properly

called sardines. These are peculiarly excellent when broiled, and may be eaten bones

and all with impunity, while in the shad and other herrings generally the numerous

small bones are a source of annoyance. The best knciN'n of the . sardines is the

European sardine, or pilchard {Clm^ea p)ilcJMr(lus), the species so extensi\-ely

preserved in oil in southern Europe. A similar species, but less abundant, is the

"West Indian " Sardinade Espana" (Clupea pseudohispanico) . A larger species, also

very close to the European one, and perhaps sometimes to be economically as

important, is the California sardine (Clupea sagax), wYixch ranges from Oregon to

Chili, and this or some similar species is also found in New Zealand and in Japan.

Clupea toll, the 'trabu' of Sumatra, is also extensively fished for the sake

of its roes, which are sent to China. Numerous other species of greater or less

importance abound in all seas, those of the tropical waters of America being generally

smaller in size, and less in value than those of the North.

The genus Opisthonema, distinguished by the filamentous prolongation of the last

dorsal ray, has two abundant but commercially unimportant species, both American.

The genus JBrevoortia is distinguished by its pectinated scales and its elongate

intestines. The mouth is toothless, and the head is very large. The most important

species is the menhaden or mossbunker (Hrevoortia tyrannus) of the Atlantic coast of

the United States. It is a bony and rather coarse fish, but from its great abundance

on our coasts its actual economic value in the United States is scarcely inferior to

that of any other species, even the cod, or the quinnat salmon. The young are now
canned in olive oil as " American sardines." The old fishes are used largely as bait

for the cod and other carnivorous fishes. Large factories exist in New England

for the purpose, of extracting oil from the menhaden ; the annual jield of menhaden

oil in the United States (according to Goode) exceeding that of whale oil. The

refuse from the oil factories is used in the manufacture of artificial fertilizers.

In some regions the menhaden are used directly by farmers as manure in fields

of Indian corn. One of the most complete and valuable fish biograpliies yet pub-

lished is the Natural and Economical History of 'the American Menhaden, by G.

Brown Goode.

All the above-mentioned species have the edge of the belly serrated. There is a

small sub-family, Dussumieriinoe, in which the belly is rounded. To this belong a

number of small fishes, mostly of tropical America and Asia, two of which occur in

the waters of the United States. These are too small to attract popular attention.
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Fossil clupeoid fishes are abundant in tertiaiy and other comparatively recent

formations, but many of them appear to belong to families related to the Clupeidse,

rather than to that group itself, as at present defined.

In the faniily of Chanid^ the mouth is small and toothless, the abdomen flat-

tened below, the intestines elongate, and the gill membranes fully united below the

isthmus. Two species are known, both found in the Pacific. One of these ( Chanos

chanos) has a remarkably wide distribution, it being abundant in the Gulf of Cali-

fornia and in the Red Sea, as well as in various intermediate localities. It reaches a

length of about four feet.

The Elopid^e are especially distinguished by the presence of a flat plate or mem-

brane bone between the branches of the lower jaw, somewhat like the plate found

in the ganoid genus Ainia. In other respects, they are much like the herrings,

although they reach a much larger size than the latter and have a complete

lateral line. The species, four or five in number, are widely distributed in the

tropical and semi-tropical seas, although sometimes entering fresh waters. They are

little valued as food.

The grande 6caille, tarpum or sabalo {Megalops atlanticus) of our southern

coasts and the West Indies, reaches a length of five or six feet. It is remarkable for

the great size of its scales, which arc now largely used in ornamental work. It often

leaps out of the water, after the manner of the mullets, and instances are recorded of

persons having been severely injured by being struck by one of them. A similar

species (Megalops cypriiioides) is found in the East Indies.

The ' ten-pounder ' (Elops saurus) is one of the most widely distributed of fishes.

It is found on our South Atlantic and Gulf coasts, throughout the West Indies and

on both coasts of tropical America, and in the west'ern Pacific from the Cape of Good
Hope to China. Where found, it is used chiefly for bait.

The family of AismjiJDM consists of a single species (Albula vulpes) the bone-fish

or lady-fish of our Atlantic coasts, the French mullet or macabe of the Spanish Creoles.

Its range is almost co-extensive with that of Elops saurus, and it is generally even

more abundant. It is a subcylindrical, graceful and beautifully silvery fish, with a

small mouth, overlapped by a conical jDig-likc snout. Its teeth are rounded and

granular. It is a gamey fish, taking the hook readilj', and in some localities (as Key
West) it is held in high esteem as a food fish, while in most others it is used only

for bait. The value of food fishes depends as often on local whims and fashions as

on real differences in the character of the flesh. The family Batiiytheissid^, deep-

sea fishes from the North Pacific, is somewhat allied to the Albulidie and ClupeidiB,

but has a longer dorsal fin.

The Hyodontid^, or inoon-eyes, inhabit the rivers of the central portion of the

United States and British America. They are shad-like fishes, covered with large and

very brilliantly silvery scales, and the dentition is very strong, nearly every j)art of

the mouth being armed with strong, curved teeth. These teeth are largest on the

tongue. In this family, there is no oviduct, the eggs falling into the abdominal cavity

before exclusion. Three species are known, very similar to each otlier in appearance,

and all reaching the length of about a foot. They are very handsome fishes, active

and gamey, but of little value as food, the flesh being poor and bony.

The family of Goistoehtnchid^ comprises only the sand eel, {Gonorhynchus

gonorhynchus), an elongate fish with spiny scales, and with barbels about the mouth,

found in the western Pacific.
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The ALEPOCEPHALiDiE are fislies intermediate between the clupeoid and salmonoid

forms, agreeing with the former in the absence of the adif)Ose fin. They inhabit the

deep seas, being among the most widely distributed and characteristic of the Bassalian

types. They are blacli in color and of soft substance. About ten species are now
known.

The Alepidosaueidje are deep-sea fishes of large size, remarkable for the great

size of their teeth. The body is elongate, and without scales ; the mouth is extremely

large, with rows of compressed teeth of unequal size, some of those on the lower jaw

and the palatines being fang-like. The dorsal fin is very long, covering almost the

whole of the back, and there is no adipose fin.

These fishes are found in the deep waters of the Atlantic and Pacific, and in their

depths are probably not rare. Occasionally specimens are cast on shore by storms,

especially along the Pacific coast of North America, and about Cuba and the Madeira

Islands. It is not likely that they ever rise near the surface of their own accord, and

when they are forced to do so they are killed by the reduction of the pressure.

Fia. 89,—Hyodoii oLosoUles, moon-eye, toothed herring.

Every part of the body is so fragile that perfect specimens are very rare. The dorsal

fin is readily torn, the bones are very feebly ossified, and the ligaments connecting the

vertebra3 are very loose and extensible, so that the body can be considerably stretched.

" This loose connection of the jjarts of the body is found in numerous deep-sea fishes,

and is merely the consequence of their withdrawal from the pressure of the water to

which they arc exposed in the depths inhabited by them. When within the limits of

their natural haunts, the osseous, muscular, and fibrous parts of the body will have

that solidity which is required for the rapid and powerful movements of a jjredatory

fish. That the fishes of this genus {Alepidosaurus) belong to the most ferocious of

the class, is proved by their dentition and the contents of their stomach." ( Giinther.)

Dr. Giinther elsewhere observes that " from the stomach of one example have been

taken several octopods, crustaceans, ascidians, a young Brama, twelve young boar-fishes

( Capros), a horse-mackerel, and one young of its own species."

Four or five species are known, all belonging to the genus Plagiodus {Alepido-

saurus). The Atlantic species or lancet-fish, (P. ferox) has been frequently taken in

the Gulf Stream. Another species, P. borealis, locally known as the hand-saw fish, is

occasionally found on our Pacific coast, and still another, P. cescidaphcs, in Alaska.
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The Paealbpidid^e are small deep-sea fishes allied to the Alepidosauridse. They
are baiTacuda-like in form and dentition, the body being slender, the teeth strong and

some of them fang-like. The dorsal fin is short and far back, and there is an adipose

fin behind it. The known species are about five in number, from the waters of

Europe and America. One of these {Sudis rincjens) is known only from a single

specimen found by the present writer in the body of a hake (Merlucms prodtcctus),

the hake in turn having been swallowed by an albicore {Orcyniis alalonga), and the

latter taken on the hook, before the Sudis inside the hake had become digested.

The SYNODONTiDiB or lizard-fishes, have the body elongate and nearly cylindrical,

covered with scales, as are also the sides of the head. The head is lizard-like in form,

the gape of the mouth very wide, and the jaws are armed with many rows of sharp

teeth. The maxillary is very slender or nearly obsolete, and closely adherent to the

premaxillary. This character best distinguishes the family from the Scopelidse and

other forms, in which the maxillary is well developed. The dorsal is short and

median in position, and behind it is usually a well-developed adipose fin. The skele-

ton is more perfectly ossified than in related families.

There are about twenty species known, inhabiting the seas of warm regions ; vora-

cious fishes of little value as food. A few of them are deep-sea forms, but the most

of them inhabit shallow waters, in which they lie close to the bottom, their colors

often very closely imitating the coral-sand and algae. One species, Sy7iodi(,s fcetens, is

abundant on our South Atlantic coast, and others occur further southward.

The AuLOPiD^ are closely allied to the Synodontidse, differing in the well-devel-

oped maxillary, and, according to Cope, in the presence of a tail vertebra. The few

species are found in the Mediterranean and in the Pacific.

The ScoPELiDiE are also allied to the Synodontidfe, but have the maxillary well

developed, the body more compressed, and in nearly every species provided with

jjhosjAorescent spots. Some fifty species are now known, most of them deep-sea

fishes, although others are rather pelagic, some of them (Myctophum) " coming to

surface at night only ; during the day and in very rough weather, they descend to

depths where they are safe from sunlight or the agitation of the water." {Qiinther.)

Some of them may be caught in the night by a tow-net at the surface, while others

are found at a depth of nearly three miles. One of the American species {Mycto-

phum crenulare) is known from two specimens only, the one taken from the stomach

of an albicore {Orcynus), in the Santa Barbara channel; the other thrown by the

waves, in a storm, on board a vessel in the Strait of Juan de Fuca. The most

remarkable j)eculiarity of the Scopelida3 and related deep-sea forms is the develop-

ment of luminous spots. These are usually arranged in one or more series along

the sides of the body.

Closely related to the Scopelidffi are the Ipnopid^, consisting of the single genus

Ipnops. In this genus the whole upper surface of the long snout is occupied by a

phosphorescent organ, longitudinally divided into two symmetrical halves. This is

apparently the representative of the eye, and it is thought by Dr. Glinther, who

first described Ipnops murrayi, that the eye has " lost its function of vision and

assumed that of producing light."

The following account of the structure and functions of the phosphorescent spots is

condensed from the chapter on deep-sea fishes in Gtinther's Guide to the Study of Fishes.

Many fishes of the deep sea are provided with more or less numerous round, shin-

ing, mother-of-pearl-colored bodies, imbedded in the skin. These so-called phosphor-
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escent or luminous organs are either larger bodies of an ovoid shape, placed on the

head, in the vicinity of the eye, or smaller globular bodies regularly arranged in series

along the side of the body and tail, especially near the abdominal profile. The
former have not yet been studied. Of the latter class, the number of jsairs is in

direct relation to that of the vertebrae, the muscular system, etc. These again are of

two kinds. The organs of one kind consist of an anterior, biconvex, lens-like body,

vs^hich is transparent during life, simple or composed of rods, and coated with a dark

membrane composed of hexagonal cells, or of rods arranged as in a retina. This

structure is found in Astronesthes, Stomias, Chauliodus, etc. In the other kind, the

organ shows throughout a simply glandular structure, but apparently without an

efferent duct {Gonostoma, Myctophum, Maurolicus, Argyropelecus). Branches of

the spinal nerves run to each organ, and are distributed over the retina-like membrane
or the glandular follicles. The former kind of organs are considered by some natural-

ists to be true organs of vision (accessory eyes).

Although these organs thus differ in structure, there is no doubt that the func-

tions of all have some relation to the peculiar conditions of light imder which the

fishes provided with them live ; these fishes being either deep-sea forms, or nocturnal

pelagic kinds.

There are three possible hypotheses as to the function of these organs.

1. All are accessory eyes, or at least sensory in their function.

2. Only the organs with lenticular body are accessory eyes, and those with a glan-

dular structure produce and emit phosphorescent light.

3. All are producers of light.

The first view seems very improbable. Many of the sj)eoies with phosj^horescent

spots possess very large eyes, which would render these feeble ones unnecessary,

while other species of the deep sea, having eyes concealed or imperfect, lack the lumi-

nous spots.

The second supposition seems to be nearer the truth. It is supjDorted by the fact

that the glandular organs in Myctophum have actually been observed to shine with

"phosphorescent" light, and by the obvious similarity of the organs with lenticular

body and retina-like membrane to a true eye. In depths illuminated by phosphor-

escent light only, we might well exfiect the development of peculiar organs of vision.

But many fishes which inhabit great depths (Macruridte, Tiachypteridae), have large

eyes of the ordinary sort, from which it appears that the ordinary organ of vision is

sufficient for seeing by phosphorescent light.

While we must admit that those comjjound organs may prove to be organs of

sense, it is not unreasonable to suppose that they too, like the glandular organs, are

producers of light. It maybe produced at the bottom of the posterior chamber, and

emitted through the lenticular body in particular directions, with the same effect as

when light is sent through the convex glass of a "bull's eye." This hypothesis seems

to be less bold than the other, which would require us to believe that vertebrate ani-

mals, with a nervous centre specialized for the reception of the inij)ressions of the

higher senses, should receive them through the spinal coi-d.

At present, therefore, the existence, in fishes, of ' accessory eyes ' capable of receiv-

ing visual impressions, cannot be admitted ns proved, although it is not impossible.

The SiOMiATiDiE are deep-sea fishes with the body naked, or covered with thin

loose scales. The mouth is very large, which fact has suggested the name of the typical

genus, Stomias, and the teeth are strong, numerous, and unequal, some of them being
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usually fang-like. Unlike the Scopelidas, the lateral margins of the npper jaw are

formed by the maxillaries, which are provided with teeth. At the throat, in all the

known species, is a long fleshy barbel. The opercular apparatus is incomplete, and, as

usual in fishes inhabiting great depths, the skeleton is imperfectly ossified. Some of

them {Astronesthes) have the adipose fin, but most have not. The phosphorescent

spots are numerous, and, as already described, are more specialized than those found

in the Scopelidae, bearing much resemblance to true eyes. The Stomiatid83 are all

comparatively small, although evidently, in their proper element, ferocious fishes.

About a dozen species are now known, from the deep seas of various regions. About

six species, representing the principal types, have been obtained by the ' Fish Hawk,'

and the ' Albatross,' the dredging steamers of the United States Fish Commission, off our

Atlantic coast. Of Malacosteics niger, another deep-sea type, specimens are exceed-

ingly rare, although the genus has long been known. Its relations are still obscure.

Fig. 90*— Malacosteus niger.

Closely related to the Stomiatidse are the Stbenoptychid^. These fishes have a

similar structure of the mouth, but the teeth are small, and there is no barbel at

the throat. The body is rather deep, naked, and covered with silvery pigment,

instead of black as in the Stomiatids9 generally. The adipose fin is present. The

phosphorescent spots are of the less specialized type seen in the Scopelidae. About

a dozen species are known, all small fishes, of the deep sea. It is, however,

probable that they are surface fishes, descending in the daytime, rather than true

member^ of the deep-sea fauna. Four species have been taken in the Gulf Stream,

off our coasts.

The Chauliodontiu^ are allied to the Sternoptychidse, but having the body elon-

gate, and covered with small scales. The mouth is in most cases very large, and the

teeth are more or less unequal. In the typical genus, Chauliodus, the teeth are inor-

dinately developed, some of them being more than one third the length of the head.
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When the month is closed, these large teeth remain outside. The other species have

smaller teeth. All of them inhabit considerable depths, and are provided with luminous

spots of the complex stomiatoid type. Some of them are silvery, others black in

color, the latter probably inhabiting the greater depths. Chauliodus sloani seems to

be comparatively common in the mid-Atlantic. It has been longer known than any

other species which inhabits

waters so deep.

The Halosaueid^ are elon-

gate fishes, bearing a super-

ficial resemblance to the Ma-

cruiidse :md other Anacanthine

forms, Mhich, in structure, are

very different. There are no

barbels; the head and body
Fig. 91.— Chauliodus sloani. are seal}'. The maxillaries

form the border of the upper

jaw ; the teeth of the mouth are all small. There is no adipose fin ; the dorsal

fin is short and small, and the anal fin is ^ery long. The tail is long and tapers

to a point, there being no separate caudal fin. The species are black in color, and are

provided with phosphorescent spots. Five species are known. They are apparently

abundant in the depths of the Atlantic, and one of them {Halosaiirus macrochir), has

been several times taken at great depths off our coast. They reach a length of about

two feet. The extinct family of Hoplopleueid^, found in cretaceous and tertiary

rocks, is placed near the Halosaurida; by Dr. Gilnther. In this group, the body

is armed "with four series of subtriangular scutes, besides intermediate scale-like

smaller ones."

The Paktodontid^e comprises but a single known species {Pantodon buchhohi), a

small, fresh-water fish from the west coast of Africa. It is said to resemble a Cyprinodont,

but with the sides of the head osseous, and the subopercle and interopercle obsolete.

The NoTOPTEEiD^ are fresb-water fishes of the East Indies and western Africa.

They have the body elongate, ending in a long and tapering tail. The belly has a

double serrature and some of the bones of the head are also serrate. There is no adipose

fin. The dorsal fin is very small or wanting, and the anal, as in the Halosauridfe, is

very long. The subopercle is wanting. The teeth are small. The air bladder is

highly complex in structure, being " divided into several compartments, and termina-

ting in two horns anteriorly and posteriorly, the anterior horns being in direct connec-

tion with the auditory organ."

The OsTEOGLOSSiD^ are large, pike-like fishes of the rivers of the tropics. The

head is naked and its skin is ossified so that it is almost entirely covered by bone,

somewhat as in the genus Amia. The scales on the body are very hard and bony,

composed of pieces like mosaic. The mouth is large, but the teeth are small. The

dorsal and anal are long, and placed far back, near the small caudal. The air-bladder

is sometimes cellular. One genus (Osteoglossum) has two barbels on the lower jaw,

and the edge of the abdomen is trenchant. The others have the abdomen rounded and

the mouth without barbels. Six species of these remarkable fishes are known.

Arapaima gigas inhabits the rivers of Brazil and Guiana, where it is said to reach a

length of fifteen feet and a weight of four hundred pounds. It is the largest strictly

fresh-water fish known, and in Brazil it has considerable economical importance as a
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food-fish. The three species of Osteoglossum are remarkably distributed, one being

found in Brazil, one in Australia, and the third in the East Indies. The single species

of Heterotis inhabits the Nile.

The Galaxiid^ are small fishes, somewhat trout-like in appearance, found in New
Zealand, Australia, and the southern parts of South America. The body is rather elon-

gate, and without scales. The dorsal fin is opposite the anal, and similar to it, and

there is no adipose fin. As in the Salmonidse, there is no oviduct, the eggs falling

into the cavity of the abdomen before exclusion. About twelve species are recorded,

nearly half of them from New Zealand, where these fishes are most abundant, and

where they are locally known as trout.

Fig. Wi,—Arapaima gigas.

The HAPLOCHiTOinD^ are still more trout-like, differing from the Salmonidse

chiefiy in the structure of the mouth, the entire margin of the upper jaw being formed

by the j)remaxillary. Four species are known, belonging to the genera Haplochiton

and Prototroctes. The former is naked, and inhabits the lakes of Tierra del Puego and

the Falkland Islands. The latter is found in Australia and New Zealand, where it is

often called grayling. In Prototroctes, the body is scaly.

The small family of Salangidje comprises two species allied to the Argentinidse,

but with the alimentary canal straight for its whole length and without pyloric appen-
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dages. The body is elongate, compressed, and naked, or covered with very fine decid-

uous scales. The snout is long, flat, and pointed. They are small Goloriess fishes

living at considerable depths off the coasts of China, and Japan, approaching the shore

to spaven in their season. They are considered a delicacy, and to the English in China

they are known as whitebait, a name given in London to the translucent young of the

herring and other clupeoid fishes.

The small family of smelt, or Aegentinidje, is separated by Dr. Gill from the

Salmonidse, with which they have many affinities, on account of the form of the

stomach and its appendages. In the Salmonidse proper the stomach is siphonal,

the oesophagus and pylorus being widely separated, and about the stomach are many
pyloric coeca. In the Argentinidae, the stomach is in the form of a blind sac, the open-

ing of the oesophagus and that of the pylorus being near together, and there are but

few, if any, pyloric coeca. Externally the two families are very similar. The Argentini-

dae are, however, small fishes, properly marine, while the Salmonida3 are rather fluvia-

tile in habit. About twenty-five species are known, all but one of them inhabiting the

Fig. 93.— Osmerus mordax, smelt.

waters of the North Temperate zone, and rarely passing southward of a latitude of

about forty degrees. Several of them are deep-sea fishes, while most of the others are

found near the shore, ascending the rivers in the spring, to deposit their spawn. Of

the anadromous species, many have a considerable economic value, as they furnish

excellent food.

The genus Hetropinna, distinguished by the backward position of its dorsal, is

found in the waters of New Zealand, where its single species is known, not inappropri-

ately, by the name of smelt. The species of Microstoma, Argentina and JBathylagus,

are deep-sea fishes, not unfrequently taken in the Atlantic, and some of them even

venturing into comparatively shallow water in the northern regions. It is a somewhat

curious fact that many shore-fishes of the arctic become deep-sea fishes in the temperate

zone. None of these, however, inhabit the enormous depths in which many eels, stom-

iatoids, etc., occur. These deep-sea Argentinid^ are silvery in color and have no

phosphorescent spots.

The genus Osmerus contains the smelt, characterizable by the presence of strong,

fang-like teeth on the tongue and on the vomer, and by the comparatively large size of

the scales, which are readily deciduous. One of the species, Osmerus eperlanus, is

common along the shores of northern Europe, A\here it is held in high esteem as a food-

fish. Another, ( Osmerus mordax), scarcely different from this, but with rather smaller

scales, is equally abundant on the American coast from Delaware Bay northward.

Both these species ascend fresh-water streams, and both in America and Europe,

stunted forms are found permanently land-locked in ponds and lakes. The flesh of

the smelt is rich and delicate, but it spoils quickly in warm weather. A third species

(0. thaleichthi/s), very similar, but smaller in size, and feebler in dentition, is found oil
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the Pacific coasts of North America, and a fourth species,
(
Osmerus dentex), in the

corresponding parts of Asia.

The genus Thaleichthys contains but a single species, the famous eulachon

or candle-fish {Thaleichthys pacificus), of the eastern shores of the North Pacific. It

differs from Osmerus in the feeble teeth, smaller scales, and dusky coloration. This

little fish has the form of the smelt and reaches the length of nearly a foot. In

the spring, it ascends in enormous numbers all the rivers north of the Columbia, for a

short distance, for the purpose of spawning. These runs take place in Praser River, in

May, at the time of the best salmon runs. Various predatory fishes and sea-birds per-

secute the eulachon during its runs, and even the stomachs of the sturgeons are

often found full of the little fishes, which they have taken in by their sucker-like

mouths. At the time of the runs, the eulachon are extremely fat, so much so, that it

Fig. 94.— Osmej'MS eperlanus, European smelt, eperlan.

is said that when dried, and a wick drawn through the body, they may be used

as candles. On Nass River, in British Columbia, a stream in which their run is

greatest, there is a factory for the manufacture of eulachon oil from them. This deli-

cate oil is proposed as a substitute for the cod-liver oil used in medicine. Whatever
may be its merits in this regard, it has the disadvantage in respect to salability of being

semi-solid or lard-like at ordinary temperatures, requiring melting to make it flow as

oil. The eulachon is a favorite pan-fish in British Columbia. The writer has had con-

siderable experience with it, broiled and fried, in its native region, and has no hesita-

tion in declaring it to be the best flavored food-fish in American waters. It is fat,

tender, juicy, and richly flavored, with comparatively few troublesome bones. It does

not, however, bear transportation well.

The capelin (Mallotus villosus) closely resembles the eulachon, differing mainly

iii its broader pectorals and in the peculiar scales of the males. In the male fish, a

VOL. III. -10
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band of scales above the lateral line and along each side of the belly become elongate,

closely imbricated, with the free points projecting, giving the region a villous appear-

ance. It is very abundant on the coasts of arctic America, both in the Atlantic and

Pacific, and is an important source of food to the natives of those regions.

The surf-smelts (Hypomesus) resemble the true smelt in form and coloration, but

have the mouth smaller, the teeth feeble, and the ventral fins inserted further back,

under the middle of the dorsal. One species {Jlypomesus p>'>'etiosus) is found on the

Pacific coast, from Monterey to Alaska. According to Mr. James G. Swan, who has

published an excellent account of its habits, it has " its belly covered with a coating of

yellow fat, which imparts an oily appearance to water where the fish have been cleaned

or washed, and makes them the very perfection of pan-fish."

The surf-smelt comes into Puget Sound in vast numbers in late spring and summer,

and are sometimes so abundant that "the water seems to be filled with them." They

cast their spawn along the shore in the fjord bays. They "come in with the flood

tide, and when a wave breaks on the beach, they crowd up into the very foam, and as

Fig. 95.— Thaleichthys paciJicitSj eulaclion, caudle-lisU.

the surf recedes, many will be seen flapping on the sand and shingle, but invariably

returning with the undertow to deeper water." The superstition is prevalent among

the Quillehute Indians of Washington Territory, that the first surf-smelts " which

appear must not be sold, or given away to be taken to another place, nor must they be

cut transversely, but split open with a mussel-shell." Tliis species never enters fresh

waters so far as known, but farther northward, in Alaska and Kamtschatka, a second

species (Ilypoiyiestis olidus) enters the streams and spawns in fresh-water ponds.

Of all the families of fishes, the one most interesting from almost every point of

view is that of the Salmonid^. As now restricted it is not one of the largest fami-

lies, ns it comprises less than a hundred species, but in beauty, activity, gaminess,

quality as food, and even in size of individuals, different members of the group stand

easily with the first among fishes. The following are the chief external characters

which are common to the members of the family as here understood, the Argentinid*

and Salangidse, usually included with them, being here placed in separate groups:

Body oblong or moderately elongate, covered with cycloid scales of varying size.

Head naked. Mouth terminal or somewhat inferior, varying considerably among the

different species, those having the mouth largest usually having also the strongest

teeth. Maxillary provided with a supplemental bone, and forming the lateral margin

of the upper jaw. Pseudobranchias present. Gill rakers varying with the species.

Opercula complete. No barbels. Dorsal fin of moderate length, placed near the

middle of the length of the body. Adipose fin Well developed. Caudal fin forked.
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Anal fin moderate or rather long. Ventral fins nearly 'median in position. Pectoral

fins inserted low. Lateral lines present. Outline of belly rounded.

The stomach in all the Salmonidse is siphonal, .and at the pylorus are many (15 to

200) comparatively large pyloric coeca. The air-bladder is large. The eggs are

usually much larger than in fishes generally, and the ovaries are without special duct,

the ova falling into the cavity of the abdomen before exclusion. The large size of the

eggs, their lack of adhesiveness, and the readiness by which they may be impregnated,

render the Salmonidte peculiarly adapted for artificial culture.

The SalmonidsB are peculiar to the North Temperate and Arctic regions, and with-

in tins range they are almost equally abundant everywhere where suitable waters

occur. Some of the species, especially the larger ones, are marine and anadromous,

living and growing in the sea, and ascending fresh waters to spawn. Still others live

in running brooks, entering lakes or the sea when occasion serves, but not habitually

doing so. Still others are lake fishes, approaching the shore, or entering brooks in the

spawning season, at other times retiring to waters of considerable depth. Some of

them are active, voracious, and gamey, while others are comparatively defenceless, and

will not take the hook. They are divisible into eight readily recognizable genera,—
Corerfoniis, Plecoglossus, Urachymystax, Stenodus, Thymallus, Oncorhynchus, Sahno,

and Salvelinus. These groups may be discussed in order.

The genus Coregoniis, which includes the various species known in America as

lake white-fish, is distinguishable in general by the small size of its mouth, the weak-

ness of its teeth, and the large size of its scales. The teeth, especially, are either

reduced to very slight asperities, or else are altogether wanting. The species reach a

length of one to two feet or more. With scarcely an excejstion they inhabit clear

lakes, and rarely enter streams except to spawn. In far northern regions they often

descend to the sea, but in the latitude of the United States this is rarely j)ossible for

them, as they are unable to endure impurities in the water. They seldom take the

hook, and rarely feed on other fishes. From their restriction to the waters of the dif-

ferent lake systems in which they live, numerous local varieties have come about both

in Europe and America, distinguished by characters less constant and less imjjortant

than those which separate the different species. European writers have somewhat

inconsistently regarded these varying and intangibly different forms as distinct species,

and many of them have come to the conclusion that almost every lake system of Scan-

dinavia, Scotland, and Russia has several sjsecies which are peculiar to it. Dr. Gun-

ther observes that "the species of this genus are not less numerous than those of

Salmo, some having a very extended geographical range, whilst others are confined to

very limited localities. They are less subject to variation than the trout, and there-

fore more easily characterized and distinguished. Hence we find that naturalists who
look with distrust on the different species of Salmo are quite ready to admit those of

Goregonusr In my experience, the variableness in Coregonus has been underesti-

mated, and the American species at least are all fishes of wide range, varying consider-

ably with their surroundings. None of the other species reach the size, or have the

value as food, of our common white-fish.

The species differ considerably in the form and size of the mouth, in the form of

the body, and in the develojjment of the gill-rakers. These differences have led to the

establishment of about five sections, or subgenera, the extremes of which differ remark-

ably, but which gradually pass from one into another. Of the species, the following

are among the most noteworthy. Coregonus oxyrhynchus, the Schnapel of Holland
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Germany, and Scandinavia, has the mouth very small, the sharp snout projecting far

beyond it. N"o species similar to this is found in America. The Eocky Mountain
white-fish {Coregonus williamsoni) has also a small mouth and projecting snout, but the

latter isblunter and much shorter than in C. oxyrhynchus. This is a smaU species abound-

ing everywhere in the clear lakes of the Rocky Mountains and the Sierra Nevada,

from Colorado to Vancouver Island. It is a handsome fish, and excellent as food.

Closely allied to C. williamsoni is the pilot-fish, shad-waiter, round-fish, or Meno-
monee white-fisli, Coregonus quadrilateralis. This species is found in the great lakes,

the Adirondack region, the lakes of New Hampshire, and thence northwestward to

Alaska, abounding in cold, deep waters, its range apparently nowhere coinciding with

that of C. williamsoni. The common white-fish (C. cliipeiformis) is the largest in

size of the species of Coregonus, and is unquestionably the finest as an article of food.

Fig. 96.— C&regomts williamsoni, Eocky Mountain white-fisK

It varies considerably in appearance with age and condition, but in general it is pro-

portionately much deeper than any of the other small-mouthed Coregoni. The adult

fishes develop a considerable fleshy lump at the shoulders, which causes the head,

which is very small, to ajjjjear disjDroportionately so.

The white-fish spawns in November and December on rocky shoals in the great

lakes. Its food, which was for a long time unknown, was ascertained by Dr. P. R.

Hoy to consist chiefly of deep-water crustaceans, with a few molluscs, and larva of

water insects. " The white-fish," writes Mr. James W. Milner, " has been known since

the time of the earliest explorers as pre-eminently a fine-flavored fish. In fact there are

few table-fishes its equal. To be appreciated in its fullest excellence, it should be taken

fi-esh from the lake and broiled. Father Marquette, Charlevoix, Sir John Richardson,

explorers who for months at a time had to depend on the white-fish for their staple

article of food, bore testimony to the fact that they never lost their relish for it, and

deemed it a special excellence that the appetite never became cloyed with it." The

range of the white-fish extends from the lakes of New York and New England north-

ward to the Arctic Circle. The ' Otsego bass,' of Otsego Lake in New York, cele-

brated by De Witt Clinton, is the ordinary white-fish.

Allied to the American white-fish, but smaller in size, is the lavaret, Weissfisch,

Adelfisch, or Weissfelchen (^Coregonus lavaretus), of the mountain lakes of Switzer-

land, Germany, and Sweden. Several other related species occur in northern Europe

and Siberia.
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Another American species is the lake whiting or Musquaw River white-fish

{Coregonus labradoricus). Its teeth are stronger, especially on the tongue, than in

any of our other species, and its body is slenderer than that of the white-fish. It is

found in the upper great lakes, in the Adirondack region, in Lake Winnepisaukee, and

in the lakes of Maine and New Brunswick. It is said to rise to the fly in the

Canadian lakes.

The smallest and handsomest of the American white-fish is the cisco of Lake Michi-

gan ( Coregomis hoyi). It is a slender fish, rarely exceeding ten inches in length, and

its scales have the brilliant silvery lustre of Hyodon or Albula. The lake herring, or

cisco {Coregonus artedii), is, next to the white-fish, the most important of the Ameri-

can species. It is more elongate than the others, and has a comparatively large mouth,

with projecting under jaw. They are more voracious, and often take the hook. Dur-

ing the spawning season of the white-fish, they feed on the ova of the latter,- thereby

doing a great amount of mischief. As food, this species is fair, but much inferior to

the white-fish. Its geographical distiibution is essentially the same, but to a greater

degree it frequents shoal waters.

In the small lakes around Lake Michigan (Tippecanoe, Geneva, Oconomowoc, etc.),

the cisco has long been established, and in these its habits have undergone some

change, as well as its external appearance. These lake ciscoes remain for most of the

year in the depths of the lake, coming to the surface only in searcli of certain insects,

and to shallow water only in the spawning season. This periodical disappearance of

the cisco has led to much nonsensical discussion as to the probability of their return-

ing by an underground passage to Lake Michigan during tlie periods of their absence.

The name lake herring alludes to the superficial resemblance which this species pos-

sesses to the marine herring, a fish of quite a different family.

Closely allied to the lake herring is the blue-fin of Lake Michigan {Coregonus

nigripiims),. a fine large species inhabiting deep waters, and recognizable by the blue-

black color of its lower fins. In Alaska and Siberia are still other species of the cisco

type (C. laurettoB, C. merM, C. nelsoni), and in Europe very similar species are the

Scotch vendace (C vandesius), and the Scandinavian Loke-Sild (lake herring), as

well as others less perfectly known.

The tuUibee, or mongrel white-fish {Coregonus tidlibee), has a deep body, like the

shad, with the large mouth of the ciscoes. Fishermen think it a hybrid between C.

clupeiformis and C. artedii. It is found in the great lake region and northward, and

very little is known of its habits. A similar species ( C. cyprinoides) is recorded from

Siberia,' a region which is peculiarly suited for the growth of the Coregoni.

Allied to the Coregoni is Plecoglossus altivelis, a small fish of the waters of Japan

and Formosa, which has small, compressed, serrated, movable teeth in the ja\ys. This

is said to be an annual fish, the life of each individual ceasing at the end of the season

of reproduction.

Another little known form, intermediate between the white-fish and the salmon, is

JBrachymystax lenoJc, a large fish of the mountain streams of Siberia. Only the skins

brought home by Pallas, about a century ago, seem to be known as yet. According

to Pallas, it sometimes reaches a weight of eighty pounds. Still another genus, inter-

mediate between the white-fish and the salmon, is Stenodics, distinguished by its elon-

gate body, feeble, teeth, and projecting lower jaw. The incoimu, or Mackenzie

River salmon {Stenodus mackenzii), belongs to this genus. It reaches a weight of

twenty pounds or more, and in the far north is a food fish of good quality. Little is
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recorded of its habits, and few specimens exist in museums. Species of Stenodus are

said to inhabit the Volga, Obi, Lena, and other northern rivers, but as yet little definite

is known of them.

The grayling ( Thymallus) termed by St. Ambrose " the flower of fishes," is like-

wise intermediate between the white-fish and the trout, having larger scales than the

latter, and feebler teeth. The teeth on the tongue, found in all the trout and salmon,

are in the grayling obsolete. The chief distinctive peculiarity of the genus Thymallus

is the great development of the dorsal fin, which has more rays (20 to 24) than in

any other of the Salmonidee, and the fin is also higher. All the species are gayly

colored, the dorsal fin especially being marked with purplish or greenish bands, and

FrG. 97.— Thymallus thymallus, grayling, and Satvelinus alpinus, red cliarr.

bright rose-colored spots ; while the body is mostly purplish-gray, often with black

spots. Most of the species rarely exceed a foot in length, but northward they grow

larger. Grayling weighing five pounds have been taken in England, and according to

Dr. Day, they are said, in Lapland, to reach a weight of eight or nine pounds.

The grayling, in all countries, frequents clear, cold brooks, and rarely, if ever,

enters the sea or even the larger lakes. They are said to congregate in small shoals .

in the streams, and to prefer those which have a succession of pools and shallows,

with a sandy or gravelly, rather than a rocky bottom. It spawns on the shallows in

April or May (in England), and is said to be non-migratory in its habits, depositing its

ova in the neighborhood of its usual haunts. The ova are said to be far more delicate

and easily killed than those of the trout or charr.
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The grayling and the trout often inhabit the same waters, but not altogether in

harmony. It is said that the grayling devours the eggs of the trout. It is certain that

the trout feed on the young grayling. As a food-fish the grayling, of course, ranks high

;

but the true sportsman will hardly seek such fish as these to fill his frying-pan. They are

considered gamey fishes, although less strong than the brook-trout, and perhaps less

wary. The five or six known species of grayling are very closely related, and are

doubtless comparatively recent offshoots from a common stock, which has now spread

itself widely through the northern regions.

The common grayling of Europe ( Thymalliis thymallus), found throughout north-

ern Europe, and as far southward in the mountains as Hungary and northern Italy.

The name Thymallus was given by the ancients, because the fish, when fresh, had the

odor of water thyme, an odor which the duller sense of the moderns now fails to

detect. Other species are described from Russia and Siberia.

The American grayling {Thymallus signifer), is widely distributed in British

America and Alaska. In several streams in northern Michigan and in Montana occurs

another form, known to anglers as the Michigan grayling {Thymallus ontariensis).

This variety or species has a longer head, smaller scales, and the dorsal fin rather

lower than in the northern form {signifer), but the constancy of these characters in

specimens from intermediate localities is yet to be tested. It is probable that the

grayling once had a wider range to the southward than now, and that so far as the

waters of the United States are concerned, it is tending towards extinction. This

tendency is of course being accelerated in Michigan by lumbermen and anglers.

The genus Oncorhynchus contains those species of Salmonidse which have the

greatest size and value. They are in fact, as well as in name, the king salmon. The
genus is closely related to Salmo, with which it agrees in general as to the structure of

its vomer, and from which it disagrees in the increased number of anal rays, branchi-

ostegals, pyloric coeca and gill-rakers. The character most convenient for distinguish-

ing Oncorhynchus, young or old, from all the species of Salmo, is the number of devel-

oped rays in the anal fin. These, in Oncorhynchus are thirteen to twenty, in Salmo
nine or ten.

The species of Oncorhynchus have long been known as anadroraous salmon, con-

fined to the North Pacific. The species were first made known one hundred and
thirty years ago, by that most exact of early observers, Steller, who described and dis-

tinguished them with perfect accuracy, and gave them, as vernacular names, the

Russian names which now stand in scientific nomenclature for the different species.

Since Stellei-'s time, writers of all degrees of incompetence, and writers with scanty

material, or with no material at all, have done their worst to confuse our knowledge

of these salmon, until it became evident that no exact knowledge of any of the

species remained. In the current system of a few years ago, the males of the five

species known to Steller constituted a separate genus of many species, while the

females were placed in the genus Salmo, and the young formed still other species of a

third genus, called Fario. Not one of the writers on these fishes of twenty-five years

ago knew a single species definitely, at sight, or used knowingly in their descriptions

a single character by which species are really distinguished. Not less than thirty-five

nominal species of Oncorhynchus have already been described from the North Pacific,

although, so far as is now known, only the five originally noticed by Steller really

exist. The descriptive literature of the Pacific salmon is among the very worst

extant in science. This is not, however, altogether the fault of the authors, but it is
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in great part true to the extraordioary variability in appearance of the different species

of salmon. These variations are, as vi^ill be seen, due to several different causes,

notably to differences in surroundings, in sex, and in age.

The writer and his associate, Professor Charles H. Gilbert, have had, under the

auspices of the United States Fish Commission, better opportunities to study the dif-

ferent species of Oncorhynchiis than have fallen to the lot of any other ichthyologists.

The following discussion of the different species is condensed from our report to the

U. S. Census Bureau, portions of which were published in the American Naturalist

for March, 1881. Similar conclusions have been independently reached by Dr. T. H.

Bean, who visited Alaska in 1880.

There are five species of salmon {Oncorhynchus) in the waters of the North

Pacific. We have at present no evidence of the existence of any more on either the

American or the Asiatic side.

These species may be called the quinnat or king salmon, the blue-black salmon or

red fish, the silver salmon, the dog salmon, and the hump-back salmon, or Oncorhyn-

FiG. 98.— Oncorhynchus tchatoytcha, young male quinnat or king salmon,

chus tchmeytcha, ner/ca, /cisutch, keta, and gorbuscha. All these species are now
known to occur in the waters of Kamtschatka as well as in those of Alaska and

Oregon.

These species, in all their varied conditions, may usually be distinguished by the

characters given below. Other differences of form, color, and appearance are abso-

lutely valueless for distinction, unless sjDecimens of the same age, sex, and condition

are compared.

The quinnat salmon {Oncorhynchus tchaioytcha) has an average weight of

22 pounds, but individuals weighing 70 to 100 pounds are occasionally taken. It has

about 16 anal rays, 15 to 19 branchiostegals, 23 (9-M-i) gill rakers on the anterior

gill arch, and 140 to 185 pyloric ccEca. The scales are comparatively large, there

being from 130 to 155 in a longitudinal series. In the spring the body is silvery,

the back, dorsal. fin, and caudal fin having more or less of round black spots, the sides

of the head having a peculiar tin-colored metallic lustre. In the fall the color is often

black or dirty-red, and the species can only be certainly distinguished by its technical

characters.

The blue-back salmon {OncorhyncMis nerha) usually weighs from 5 to 8 pounds. It

has about 14 developed anal rays, 14 branchiostegals, and 75 to 95 pyloric coeca. The

gill rakers are more numerous than in any other salmon, the number being usually about

39 (16-f 23). The scales are large, there being 130 to 140 in the lateral line. In the
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spring the form is 2:)lumply rounded, and the color is a clear bright blue above, silvery

below, and everywhere immaculate. Young fishes often show a few round black spots,

which disappear when they enter the sea. Fall specimens in the lakes are bright red

in color, hook-nosed and slab-sided, and bear little resemblance to the sjn-ing run.

Young spawning male grilse are also peculiar in appearance, and were for a time con-

sidered as forming a distinct "genus" under the name of " Hypsifario hennerlyiP

The silver salmon {OncorliyncJms kisiitch) reaches a weight of 3 to 8 pounds. It

has 13 developed rays in the anal, 13 branchiostegals, 23 (10+13) gill rakers, and 45 to

80 pyloric cosca. There are about 127 scales in the lateral line. In color it is silvery

in spring, greenish above, and with a few faint black spots on the upper parts only. In

the fall the males are mostly of a dirty red.

The dog salmon (Oncorhynchus keta) reaches an average weight of about 12

pounds. It has about 14 anal rays, 14 branchiostegals, 24 (9+15) gill rakers, and 140

to 185 pyloric coeca. There are about 150 scales in the lateral line. In spring it is

dirty silvery, immaculate or sprinkled with small black specks, the fins dusky. In the

fall the male is brick-red or blackish, and its jaws are greatly distorted.

The hump-back salmon (
Oncorhynchus gorbuscha) is the smallest of the species,

weighing from three to six pounds. It has usually 15 anal rays, 12 branchiostegals,

28 (13+15) gill rakers, and about 180 pyloric ccEca. Its scales are much smaller than

in any other salmon, there being 180 to 240 in the lateral line. In color it is bluish

above, silvery below, the posterior and upper parts with many round black spots. The
males in fall are red, and are more extravagantly distorted than in any other of the

Salmonidse.

Of these species, the blue-back predominates in Frazer River, the silver salmon in

Puget Sound, the quinnat in the Columbia and the Sacramento, and the silver salmon

in most of the streams along the coast. All the species have been seen by us in the

Columbia and in Frazer River ; all but the blue-back in the Sacramento and in waters

tributary to Puget Sound. Only thequinnat has been noticed south of San Francisco,

and its range has been traced as far as Ventura River. Of these species, the quinnat

and blue-back salmon habitually 'run ' in the spring, the others in the fall. The usual

order of running in the rivers is as follows : nerlm, tchaieytcha, kisutch, gorbuscha,

keta.

The economic value of the spring-running salmon is far greater than that of the

other species, because they can be captured in numbers when at their best, while the

others are usually taken only after deterioration.

The habits of the salmon in the ocean are not easily studied. Quinnat and silver

salmon of every size are taken with the seine at almost any season in Puget Sound.

The quinnat takes the hook freely in Monterey Bay, both near the shore and at a dis-

tance of six or eight miles out. We have reason to believe that these two species do

not necessarily seek great depths, but probably remain not very far from the mouth

of the rivers in which they were spiawned.

The blue-back and the dog salmon probably seek deeper water, as the former is

seldom or never taken with the seine in the ocean, and the latter is known to enter

the Strait of Fuca at the spawning season, therefore coming in from the open sea.

.The great majority of the quinnat salmon, and nearly all the blue-back salmon,

enter the rivers in the spring. The run of both begins genei-ally the last of March

;

it lasts, with various modifications and interruptions, until the actvial spawning season

in November; the time of running and the proportionate amount of each of the^subor-
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dinate runs varying with each different river. In general, the runs are slack in the

summer and increase with the first high water of autumn. By the last of August

only straggling blue-backs can be found in the lower course of any stream, but both

in the Columbia and the Sacramento the quinnat runs in considerable numbers till

October at least. In the Sacramento the run is greatest in the fall, and more run in

the summer than in spring. In the Sacramento and the smaller rivers southward,

there is a winter run, beginning in December. The spring salmon ascend only those

rivers which are fed by the melting snows from the mountains, and which have suffi-

cient volume to send their waters well out to sea.

Those salmon which run in the spring are chiefly adults (suj)posed to be at least

three years old). Their milt and spawn are no more developed than at the same time

in others of the same species which will not enter the rivers until fall. It w^ould

appear that the contact with cold fresh water, when in the ocean, in some way cause

them tq, turn toward it and to ' run ' before there is any special influence to that end

exerted by the development of the organs of generation.

High water on any of these rivers in the spring is always followed by an increased

run of salmon. The canners think, and this is probably true, that salmon which would

not have run till later are brought up by the contact with the cold water. The cause

of this effect of cold fresh water is not understood. We may call it an instinct of the

salmon, which is another way of expressing our ignorance. In general, it seems to be

true that in those rivers and during those years when the spring run is greatest, the

fall run is least to be depended on.

As the season advances, smaller and younger salmon of these two species (quinnat

and blue-back) enter the rivers to spawn, and in the fall these young specimens are very

numerous. We have thus far failed to notice any gradations in size or aj)pearance of

these young fish by which their ages could be ascertained. It is, however, probable

that some of both sexes reproduce at the age of one year. In Frazer River, in the

fall, quinnat male grilse of every size, from eighti inches upwards, were running, the

milt fully developed, but usually not showing the hooked jaws and dark colors of

the older males. Females less than eighteen inches in length were rare. All, large

and small, then in the river, of either sex, had the ovaries or milt well developed.

Little blue-backs of every size down to six inches are also found in the upper

Columbia in the fall, with their organs of generation fully developed. Nineteen

twentieths of those young- fish are males, and some of them have the hooked jaws and

red color of the old males.

The average weight of the quinnat in the Columbia, in the spring, is twenty-two

pounds ; in the Sacramento about sixteen. Individuals weighing from forty to sixty

pounds are frequently found in both rivers, and some as high as eighty pounds are

reported. It is questioned whether these large fishes are those which, of the same

age, have grown more rapidly; those which are older, but have, for some reason, failed

to spawn; or tliose which have survived one or more spawning seasons. All of these

origins may be possible in individual cases ; we are, however, of the opinion that the

majority of these large fish are those which have hitherto run in the fall, and so may
have survived the spawning season previous.

Those fish which enter the rivers in the spring continue their ascent until death

or the spawning season overtakes them. Probably none of them ever return to the

ocean, and a lai-ge proportion fail to spawn. They are known to ascend the Sacra-

mento to its extreme head-waters, about four hundred miles. In the Columbia they



FISHES. 155

are known to ascend as far as the Bitter Root Mountains, and as far as the Spokane

Falls, and their extreme limit is not known. This is a distance of six to eight hun-

dred miles.

At these great distances, Avhen the fish have reached the spawning grounds, besides

the usual changes of the breeding season, their bodies are covered with bruises, on

which patches of white fungus develop. The fins become mutilated, their eyes are

often injured or destroyed ;
parasitic worms gather in their gills, they become extremely

emaciated, their flesh becomes white from the loss of the oil, and as soon as the spawn-

ing act is accomplished, and sometimes before, all of them die. The ascent of the

Cascades and the Dalles j)robably causes the injury or death of a great many salmon.

When the salmon enter the river they refuse bait, and their stomachs are always

found empty and contracted. In the rivers they do not feed, and when they reach

the spawning grounds, their stomachs, pyloric coeca and all, are said to be no larger

than one's finger. They will sometimes take the fly, or a hook baited with salmon roe,

in the clear waters of the upper tributaries, but there is no other evidence known to

us that they feed when there. Only the quinnat and blue-back (then called red-fish)

have been found in the fall at any great distance from the sea.

The spawning season is probably about the same for all the species. It varies for

all in different rivers, and in different parts of the same river, and doubtless extends

from July to December. The manner of spawning is probably similar for all the spe-

cies, but we have no data for any except the quinnat. In this species the fish pair off;

the male, with tail and snout, excavates a broad, shallow ' nest ' in the gravelly bed of

the stream, in rapid water, at a depth of one to four feet ; the female deposits her

eggs in it,.and, after the exclusion of the milt, they cover them with stones and gravel.

They then float down the stream tail foremost. A great majority of them die. In

the head-waters of the large streams, unquestionably, all die ; in the small streams,

and near the sea, an unknown percentage probably survive. The young hatch in

about sixty days, and most of them return to the ocean during the high water of the

spring. •
•

The salmon of all kinds in the spring are silvery, spotted or not according to the

sjiecies, and with the mouth about equally symmetrical in both sexes.

As the spawning season approaches, the female loses her silvery color, becomes more
slimy, the scales on the back partly sink into the skin, and the flesh changes from sal-

mon red and becomes variously paler, from the loss of the oil; the degree of paleness

varying much with individuals and with inhabitants of different rivers.

In the lower Sacramento the flesh of the quinnat in either spring or fall is rarely

pale. In the Columbia, a few with pale flesh are sometimes taken in spring, and a

good many in the fall. In Frazer River the fall run of the quinnat is nearly worth-

less for canning purposes, because so many are white meated. In the spring very few
are white meated, but the number increases towards fall, when there is every variation,

some having red streaks running through them, others being red toward the head and
pale toward the tail. The red and pale ones cannot be distinguished externally, and
the color is dependent neither on age nor sex. There is said to be no difference in

the taste, but there is no market for canned salmon not of the conventional orange

color.

As the season advances, the difference between the males and females become more
and more marked, and keep joace with the development of the milt, as is shown by
dissection.
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The males have : (a.) The premaxillaries and the tip of the lower jaw more and
more prolonged, both of them becoming finally strongly and often extravagantly

hooked, so that either they shut by the side of each other like shears, or else the

mouth cannot be closed, {b.) The front teeth become very long and canine-like, their

growth proceeding very rapidly, until they are often lialf an inch long, (c.) The teeth

on the vomer and tongue often disappear, (d.) The body grows more compressed and

deeper at the shoulders, so that a very distinct hump is formed ; this is more devel-

oped in O. gorbuscha, but is found in all. (e.) The scales disappear, especially on the

back, by the growth of spongy skin. (_/".) The color changes from silvery to various

shades of black and red, or blotchy, according to the species. The blue-back turns

rosy red, the dog salmon a dull, blotchy red, and the quinnat generally blackish.

These distorted males are commonly considered worthless, rejected by the canners

and salmon-salters, but preserved by the Indians. These changes are due solely to

influences connected with the growth of the testes. They are not in any way due to

the action of fresh water. They take place at about the same time in the adult males

of all species, whether in the ocean or in the rivers. At the time of the spring runs,

all are symmetrical. In the fall, all males, of whatever species, are more or less dis-

torted. Among the dog salmon, which run only in the fall, the males are hook-jawed

and red-blotched when they first enter the Strait of Fuca from the outside. The
humpback, taken in salt water about Seattle, have the same peculiarities. The male

is slab-sided, hook-billed, and distorted, and is rejected by the canners. No hook-jawed

females of any species have been seen. It is not positively known that any hook-

jawed male survives the reproductive act. If any do, their jaws must resume the

normal form.

On first entering a stream the salmon swim about as if playing ; they always head

towards the current, and this ' playing ' may be simply due to facing the flood-tide.

Afterwards they enter the deepest parts of the stream and swim straight up, with few

interruptions. Their rate of travel on the Sacramento is estimated by Stone at about

two miles per day ; on the Columbia at about three miles jier daj-.

As already stated, the economic value of any species depends in great part on its

being a ' spring salmon.' It is not generally possible to capture salmon of any species

in large numbers until they ha-v'e entered the rivers, and the spring salmon enter the

rivers long before the growth of the organs of reproduction has reduced the richness of

the flesh. The fall salmon cannot be taken in quantity until their flesh has deteriorated
;

hence the ' dog salmon ' is practically almost worthless, except to the Indians, and the

hump-back salmon is little better. The silver salmon, with the same breeding habits

as the dog salmon, is more valuable, as it is found in Puget Sound for a considerable

time before the fall rains cause the fall runs, and it may be taken in large numbers

with seines before the season for entering the rivers. The quinnat salmon, from its

great size and abundance, is more valuable than all other fishes on our Pacific coast

together. The blue-back, similar in flesh, but much smaller and less abundant, is worth

much more than the combined value of the three remaining species.

The fall salmon of all species, but especially the dog salmon, ascend streams but a

short distance before spawning. They seem to be in great anxiety to find fresh water,

and many of them \\OYk their waj uj) little brooks only a few inches deej), where they

soon perish miserably, floundering about on the stones. Every stream, of whatever

kind, has more or less of these fall salmon.

It is the prevailing impression that the salmon have some special instinct which
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leads them to return to spawn in the same spawning grounds where they were

originally hatched. We fail to find any evidence of this in the case of the Pacific

coast salmon, and we do not believe it to be true. It seems moi'e probable that the

young salmon, hatched in any river, mostly remain in the ocean within a radius of

twenty, thirty, or forty miles of its mouth. These, in their movements about in the

ocean, may come into contact with the cold waters of their parent rivers, or, jjerhajjs, of

any other river, at a considerable distance from the shore. In the case of the quinnat

and the blue-back, their ' instinct ' leads them to ascend these fresh waters, and in a

majority of cases these waters will be those in which the fishes in question were origi-

nally spawned. Later in the season the growth of the reproductive organs leads them

to approach the shore and search for fresh waters, and still the chances are that they

may find the original stream. But undoubtedly many fall salmon ascend, or try to

ascend, streams in which no salmon was ever hatched. In little brooks about Puget

Sound, where the water is not three inches deep, dead or dying salmon are often found,

which have entered them for the purpose of spawning.

It is said of the Russian River and other California rivers, that their mouths, in

the time of low water in summer, generally become entii'ely closed by sand-bars, and

that the salmon, in their eagerness to ascend them, frequently fling themselves entirely

out of water on the beach. But this does not prove that the salmon are guided by a

marvellous geographical instinct which leads them to their parent river. The waters

of Russian River soak through these sand-bars, and the salmon ' instinct,' we think,

leads them merely to search for fresh waters.

This matter is much in need of further investigation ; at present, however, we find

no reason to believe that the salmon enter the Rogue River simply because they were

spawned there, or that a salmon hatched in the Clackamas River is any more likely, on

that account, to return to the Clackamas than to go up the Cowlitz or the Des Chiltes.

" At the hatchery on Rogue River, the fish are stripped, mai'ked, and set free, and

every year since the hatchery has been in operation some of the marked fish have been

re-caught. The young fry are also marked, but none of them have been re-caught."

In regard to the diminution of the number of salmon on the coast : In Puget

Sound, Frazer River, and the smaller streams, there apiDears to be little or no evi-

dence of this. In the Columbia River the evidence appears somewhat conflicting.

The catch in 1880 was considerably greater than ever before (nearly 540,000 cases

of 48 pounds each having been packed), although the fishing for three or four years

has been very extensive. On the other hand, the high water of that year undoubt-

edly caused many fish to become spring salmon which would otherwise have run

in the fall. Moreover, it is urged that a few years ago, when the number caught

was about half as great as in 1880, the amount of netting used was perhaps one eighth

as much. "With a comparatively small outfit the canners caught half the fish ; now,

with nets much larger and more numerous, they catch them all, scarcely any esca2Ding

during the fishing season (Api-il 1 to August 1). Whether an actual reduction in the

number of fish running can be proven or not, there can be no question that the present

rate of destruction of the salmon will deplete the river before many years. A consider-

able number of quinnat salmon run in August and September, and some stragglers even

later
; these now are all which keep up the supply of fish in the river. The non-molesta-

tion of this fall run, therefore, does something to atone for the almost total destruction

of the spring run. .This, however, is insufficient. A well-ordered salmon hatchery is

the only means by which the destruction of the salmon in the river can be prevented.
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The fact that the humijbaclc salmon runs only on' alternate years in Puget Sound
(1875, 1877, 1879, etc.) is well attested and at present unexplained. Stray individu-

als only are taken in other years. This species has a distinct ' run,' in the United
States, only in Puget Sound, although individuals (called ' lost salmon ') are occasion-

ally taken in the Columbia and in the Sacramento.

Numerous attempts have been made to introduce the quinnat salmon into the

waters of the eastern states and of Europe. Individuals thus planted have been

taken in several different localities, but, as yet, not in any considerable number.

The genus Salmo comprises those forms of salmon and trout which have been

best and longest known. As in related genera, the mouth is large, and the jaws,

palatines, and tongue are armed with strong teeth. The vomer is flat, its shaft not

depressed below the level of the head or chevron (the anterior end). There are a few

teeth on the chevron ; and behind it, on the shaft, there is either a double series of

teeth or an irregular single series. These teeth, in the true salmon, disappear with

age, but in the others (the black-spotted trout), they are persistent. The scales are

silvery, and moderate or small in size. There are nine to eleven develoj^ed rays in

the anal fin. The caudal fin is truncate, or variously concave or forked. There are

usually 40 to 70 pyloric coeoa; 11 or 12 branchiostegals, and about 20 (8 -|- 12) gill

rakers. The sexual peculiarities are in general less marked than in Oncorhynchus;

they are also greater in the anadromous species than in those which inhabit fresh

waters. In general, the male in the breeding season is redder, its jaws are prolonged,

the front teeth enlarged, the lower jaw turned ujDwards at the end, and the upjjer jaw

notched, or sometimes even perforated, by the tip of the lower. All the species of

Salmo (like those of Oncorhynchus) are more or less spotted with black.

Two species (salmon) are- marine and anadromous, taking the place, in the North
Atlantic, occupied in the North Pacific by the species of Oncorhynchus. The others

(trout), forming the sub-genus Solar, are non-migratory, or, at least, irregularly or

imperfectly anadromous. They abound in all streams of northern EuroiDC, northern

Asia, and that part of North America which lies west of the Mississippi valley. The
black-spotted trout are entirely wanting in eastern America, a remarkable fact in

geographical distribution, perhaps explainable only on the hypothesis of the compara^

tively recent and Eurasiatic origin of the group, which we may suppose has not yet

had time to extend its range across the plains, unsuitable for salmonoid life, which

separate the upper Missouri from the great lakes.

The salmon {Salmo salar) is the only black-spotted salmonoid found in American

waters tributary to the Atlantic. In Eurojic, where other species similarly colored

occur, the species may be best distinguished by the fact that the teeth on the shaft of

its vomer mostly disappear with age. From the only other sjjecies jjositively known
{Salmo trutta) which shares this character, the true salmon may be known by the

]presence of but about eleven scales between the adipose fin and the lateral line,

while Salmo trutta has about fourteen. The scales are comjDaratively large in the

salmon, there being about 125 in the lateral line. The caudal fin, which is foi-ked in

the young, becomes, as in other species of salmon, more or less truncate with age.

The pyloric ccBca are fifty to sixty in number.

The following account of the coloration of the salmon is from Dr. Day's fishes of

Great Britain : — " Color in adults superiorly of a steel blue, becoming lighter on the

sides and beneath. Mostly a few rounded or x-shaped spots scattered above the lal^

eral line and upper half of the head, being more numerous in the female than in the
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male. Dorsal, caudal, and pectoral fins dusky; ventrals and anal wMte, the former

grayish internally. Prior to entering fresh waters these fish are of a brilliant steel

blue along the back, which becomes changed to a muddy tinge when they enter rivers.

After these fish have passed into the fresh waters for the purpose of breeding, numerous

orange streaks appear in the cheeks of the male, and also spots or even marks of the

same, and likewise of a red color, on the body. It is now termed a ' red-fish.' The

female, however, is dark in color, and known as ' black-fish.' ' Smolts ' (young river

I'lG. 99.— Salmo salar, salmon, male, and S. truita, sea trout or salmon trout.

fish), are bluish along the upper half of the body, silvery along the sides, due to a layer

of silvery scales being formed over the trout-like colors, while they have darker fins

than the yearling ' pink ;
' but similar bands and spots, which can be seen (as in the

parr) if the example be held in certain positions of light. < Parr ' (fishes of the year)

have two or three black spots only on the opercle, and black spots and also orange

ones along the upper half of the body, and no dark ones below the lateral line, although

there may be orange ones which can be seen in its course. Along the side of the body

are a series (12 to 15) of transverse bluish bands, wider than the ground color, and
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crossing the lateral line, while in the upper half of the body the darker color of the

back forms an arch over each of these bands, a row of spots along the middle of

the rayed dorsal fin and the adipose orange-tipped."

The dusky cross-shades found in the young salmon or parr are characteristic of the

young of all Salmonidse, except, perhaps, the species of Coregonus.

The salmon of the Atlantic is, as already stated, an aoadromous fish, spending

most of its life in the sea, and entering the streams in the fall for purposes of repro-

duction. The time of running varies mu,ch in different streams and also in different

countries. As with the Pacific species, they arc not easily discouraged in their pro-

gress, leaping cascades and other obstructions, or, if these j)rove impassable, dying

after repeated fruitless attempts.

The young salmon known as the jsarr is hatched in the spring. It usually remains

about two years in the rivers, descending at about the third spring to the sea, when
it is known as smolt. In the sea it grows much more rapidly, and becomes more sil-

very in color, and is known as ' grilse.' The grilse rajjidly develop into the adult

salmon, and some of them, as is also the case with the grilse of the Pacific salmon, are

capable of reproduction.

After sisawning, the salmon are very lean and unwholesome in appearance, as in

fact. They are then known as kelts. The Atlantic salmon does not ascend rivers to

any such distances as those traversed by the quinnat and the blue-back. Its kelts,

therefore, for the most part, survive the act of spawning. Dr. Day thinks that they

feed upon the young salmon in the rivers, and that, therefore, the destruction of the

kelts might increase the supply of salmon. This matter needs further investigation.

As a food-fish, the Atlantic salmon is very similar to the Pacific species, neither

better nor worse, so far as I can see, when equally fresh. In both, the flesh is rich

and finely-flavored, but the appetite becomes cloyed with salmon-flesh sooner than

with that of white-fish, smelt, or charr.

In size the Atlantic salmon does not fall far short of the quinnat. The average

weight of the adult is jirobably less than fifteen jDounds. The largest one of which I

find a record was taken on the coast of Ireland in 1881, and weighed eighty-four and

three-fourths pounds.

The salmon is found in Europe between the latitudes of 45° and 75°. In the

United States, it is now rarely seen south of Cape Cod, although formerly the Hudson
and numerous other rivers were salmon streams. Over-fishing, obstructions in the

rivers, and pollution of the water by manufactories and by city sewage are agencies

against which the salmon cannot cope.

Seven species of salmon (as distinguished from trout) are recognized, by Dr. Gtin-

ther, in Europe and three in America. The land-locked forms, abundant in Norway,

Sweden, and Maine, which cannot, or at least do not, descend to the sea, are regarded

by him as distinct species. " The question," observes Dr. Gilnther, "whether any of

the migratory species can be retained by artificial means in fresh water, and finally

accommodate themselves to a permanent sojourn therein, must be negatived for the

present."

On this point I am compelled to disagree from Dr. Gilnther. I have compared numer-

ous specimens of the common land-locked salmon (jSalmo solar, var. sebagd) of the lakes

of Maine and New Brunswick with land-locked salmon {Salmo salar, var. hardini) from

the lakes of Sweden, and also with numerous migratory salmon both from America

and Europe. I can have no hesitation in regarding all as specifically identical. The
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differences are very trivial in kind, and not greater than would be expected on the

hypothesis of recent adaptation to lake-life. We have, therefore, on our Atlantic

coast but one species of salmon, Salmo solar. Dr. Francis Day, who has very thor-

oughly studied these fishes, takes, in his Memoir on the Fishes of Great Britain and

Ireland, and in other papers, a similar view in regard to the European species.

Omitting the species with permanent teeth on the shaft of the vomer (sub-genus

Solar) he finds among the salmon proper but two species, Salmo salar and Salmo
trutta.

The latter species, the sea-trout or salmon-trout of England, (Fig. 99) is similar to

the salmon in many respects, but has rather smaller scales, there being 14 in an oblique

series between the adipose fin and the lateral line. It is not so strong a fish as the

salmon, nor does it reach as large a size. Although naturally anadromous, like the

salmon, land-locked forms are not uncommon. These have been usually regarded as

different species, while aberrant or intermediate individuals are usually regarded as

hybrids.

The present writer has examined many thousands of American Salmonidae, both of

Oncorhynchus and Salmo. While many variations have come to his attention, and he

has been compelled more than once to modify his views as to specific distinctions, he

has never yet seen an individual which he had the slightest reason to regard as a

' hybrid.' It is evident that in America but few species of Salmonoids exist, and that

these are subject to many variations. It is certainly illogical to conclude that every

specimen which does not correspond to our closet-formed definition of its species must,

therefore, be a hybrid with some other. There is no evidence worth mentioning,

known to me, of extensive hybridization in a state of nature in any group of fishes. This

matter is mucli in need of further investigation, for what is true of the sj)ecies in one

region, in this regard, may not be true of others. The species of trout, also, may per-

haps hybridize, while Salmo salar and the Oncorhynchi do not.

Dr. Gtinther observes :
" Johnson, a correspondent of Willughby, had already

expressed his belief that the different Salmonoids interbreed ; and this view has since

been shared by many who have observed these fishes in nature. Hybrids between the

sewin {Salmo trutta var. cambricios) and the river trout {Salmo fario) were numerous
in the Rhymney and other rivers of South Wales, before Salmonoids were almost

exterminated by the pollutions allowed to pass into those streams, and so variable in

their characters, that the passage from one species to the other could be demonstrated

in an almost unbroken series, which might induce some naturalists to regard both

species as identical. Abundant evidence of a similar character has accumulated,

showing the frequent occurrence of hybrids between Salmo fario and S. trutta. . . .

In some rivers the conditions appear to be more favorable to hybridism than in others,

in which hybrids are of comparatively rare occui-rence. Hybrids between the salmon

and other species are very scarce everywhere."

The black-spotted trout, forming the sub-genus Salar, differ from Salmo salar

and Salmo trutta in the greater development of the vomerine teeth, which are

persistent throughout life, in a long double series on the shaft of the vomer. About
seven species are laboriously distinguished by Dr. Glinther, in the waters of western

Europe. Most of these are regarded by Dr. Day as varieties of Salm.o fario. The
latter species, the common river-trout or lake-trout of Europe, is found throughout

northern and central Europe, wherever suitable waters occur. It is abundant, gamey,

takes the hook readily, and is excellent as food. It is more hardy than the different

VOL. HI.— 11
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species of charr, altiiough from an sesthetic point of view it must be regarded as

inferior to all of thfi Salvelini. The largest river trout recorded by Dr. Day weighed

twenty-one pounds. Such large individuals are usually found in lakes in the north,

well stocked with smaller fishes 071 which the trout may feed. Farther south, where

the surroundings are less favorable to trout-life, they become mature at a length of

less than a foot, and a weight of a few ounces. These excessive variations in the size

of individuals have received too little notice from students of Salmonidse. Similar

variations occur in all the non-migratory species of Salmo and of Salvelinus. Numer-

ous river-trout have been recorded from northern Asia, but as yet nothing can be

definitely stated as to the number of species actually existing.

In North America, only the region west of the Mississippi Valley and the valley of

Mackenzie River, have species of black-spotted trout. If we are to follow the usage

of the names salmon and trout, which prevails in England, we should say that it is

only these western regions which have any trout at all. Of the number of species

(about twenty in all), which have been indicated by authors, certainly not more than

four can really be regarded as distinct species, and of these four, two are, as will be

seen, still somewhat doubtful. The other names are either useless synonyms, or else

they have been applied to local varieties which pass by degrees into the ordinary types.

Of the American species, the rainbow trout {Sahno irideus) most nearly approaches

the European Salmo fario. It has the scales comparatively large, although rather

smaller than in Salmo fario, the usual number in a longitudinal series being about 135.

The mouth is smaller than in the other American trout ; the maxillary, except in old

males, rarely extending beyond the eye. The caudal fin is well forked, becoming in

very old fishes more nearly truncate. The color, as in all the other sjjecies, is bluish,

the sides silvery ia the males with a red lateral band, and reddish and dusky blotches.

The head, back, and upper fins, are sprinkled with round black spots, which are very

variable in number. In specimens taken in the sea, this species, like most other trout

in similar conditions, is bright silvery, and sometimes immaculate.

This species is especially characteristic of the waters of California. It abounds in

every clear brook, from the Mexican line northward to Mount Shasta, and occasionally

in coastwise streams to Alaska. No specimens have been anywhere obtained to the

eastward of the Cascade range or of the Sierra Nevada.

It varies much in size, specimens from northern California often reaching a weight

of six pounds, while in the Rio San Luis Rey, the southernmost locality from which I

have obtained trout, they seldom exceed a length of six inches. Although not

an anadromous species, the rainbow trout frequently moves about in the rivers, and it

often enters the sea. Several attempts have been made to introduce it in eastern

streams. It is apparently more hardy and less greedy than the American charr, or

brook trout (Salvelinus foiitinalis) . On the other hand, it is distinctly inferior to the

latter in beauty and in gaminess.

The steel-head (Salmo gairdneri) is a large trout, of fifteen to twenty pounds in

weight, found very abundantly in the mouth of the Columbia and other rivers, in the

spring, at the time of the early salmon run. These are evidently spent fishes, indicat-

ing a spawning time later (probably mid-winter) than that of the salmon, and their

occurrence in the rivers at the salmon run is evidently due to a return toward the sea.

Steel-heads are occasionally taken in the Sacramento, but in the Columbia they are

abundant. They are rejected by the salmon fishermen, as their flesh is pale, and the

bones are much more firmly ossified than in the species of Oncorhynchits. The
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soft character of tlie bones in the latter group, as compared with those of the large

trout, is one feature of their excellence as food.

Comparing the steel-heads with the rainbow trout, we find no differences,

other than that the former is much larger in size, and has a larger mouth, and its cau-

dal is truncate instead of forked. But the tail becomes more truncate, and the mouth
larger with age in all species. If a rainbow trout were to reach the size of the steel-

head, it ought to acquire characters similar to those of the latter species. Conversely,

unless the rainbow trout are young steel-head, the young of the latter species is

unknown. It is my belief that the steel-head is simply the large rainbow trout which

has lived in the sea, and ascended the river to spawn. If this be true, Salmo irideus

must be omitted from our lists, as identical with Salmo gairdneri.

The most widely distributed, and in almost all respects the most important, of the

America black-spotted trout is the Salmo purpuratus, or, as we may call it, the

red-throated trout. This species has much smaller scales than the rainbow trout or

steel-head, the usual number in a longitudinal series being 150 to 170. Its mouth is

proportionately larger, and there is usually a narrow band of small teeth on the hyoid

bone at the base of the tongue. These teeth are always wanting in Salmo irideus,

gairdneri, and spilurus. The color in Salmo purpuratus is, as in other species, exces-

sively variable. In almost all specimens there is a deep-red blotch on the throat,

between the branches of the lower jaw, and the membrane connecting them. This I

have net found in other species, and as it seems to be constant in all varieties of Salmo

purpuratus, at all ages, it will furnish a good distinctive character.

The red-throated trout is found in every suitable river and lake in the great basin

of Utah, in the streams of Colorado, Wyoming, and Montana, on both sides of the

Rooky Mountains. It is also found throughout Oregon, Washington, Idaho, British

Columbia, and Alaska, probably no stream or lake suitable for salmonoid life being

without it. In California the species seems to be comparatively rare, and its range

has not been well made out. Large individuals apparently analogous to the steel-heads

ai-e sometimes found in the mouth of the Sacramento. In Washington Territory and

Alaska this species often enters the sea. In Puget Sound, it is a common fish.

These sea-run individuals are more silvery and less spotted than those found in the

mountain streams and lakes. Numerous more or less tangible varieties of Salmo pur-

puratus occur, one of the most marked of which is the beautiful trout found in Lake
Tahoe, the finest of all the mountain lakes of the Sierra Nevada.

The size of Salmo purpuratus is subject to much variation. Ordinarily four to six

pounds is a large size, but in certain favored waters, as Lake Tahoe, and the fjord bays

of the northwest, specimens of from 20 to 30 pounds are occasionally taken.

No attempt has been made to transport this, the finest known species of black-

spotted trout, to eastern waters. The writer thinks it much better worthy of experi-

ment than the rainbow trout. The great variety of the waters in which it occurs

seems to promise a ready adaptation to other surroundings.

The Rio Grande trout, {Salmo spilurus), is a large and profusely spotted trout

found in the head-waters of the Rio Grande, and in the mountain streams of the great

basin of Utah. Its scales are still smaller than those of the red-throated trout, to

which it bears much resemblance, and of which it is probably simply a local variety.

The genus Hucho has been framed for the Huchen or Rothfisch {Ilucho hucJio),

of the Danube, a large salmon- differing from the genus Salmo in having no teeth on

the shaft of the vomer, and from the Salvelini, at least in form and coloration. The
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real characters of the genus, which seems to be distinct from Salvelinus, have not yet

been worked out. The Huchen is a long and slender, somewhat pike-like fish, with

depressed snout and strong teeth. The color is silvery, sprinkled with small black dots.

It reaches a size little inferior to that of the salmon, and it is said to be an excellent

food-fish. Little is known of its habits. It has, however, the reputation of being

unusually voracious for a salmon.

The genus Salvelinus comprise the finest of the Salmonidffi, from the point of view

of the angler or the artist. In England, the species are known as charr, in contradis-

tinction to the black-spotted species of Salmo, which are called trout. The former

I'IG. lUO.— Hueho hucho, Huchen or Eothfisch, and Salmofario, European lake trout (upper figure).

name has unfortunately been lost in America, where the name trout is given indiscrim-

inately to both, and, still worse, to numerous other fishes {Cynoscion, 3Iicropterus,

Jffexagrammus) wholly unlike the Salmonidse. It is sometimes said that the " Ameri-

can brook-trout is no trout, nothing but a charr," almost as though charr were a word
of reproach. Nothing higher, however, can be said of a salmonoid than that it is a

charr.

The technical character of the genus Salvelinus lies in the form of its vomer.

This is deeper than in Salmo, and when the flesh is removed, the bone is found to be

somewhat boat-shaped above, and with the shaft depressed and out of the line of the

chevron. Only the chevron is armed with teeth, and the shaft is covered by skin. In



FISHES. iQ^

one species {/S. namaycusJi), the chevron sends a projection backward, which bears

teeth, these teeth appearing, unless the flesh is removed, as if standing on the shaft of

the bone.

In color, all the oharrs differ from the salmon and trout, the body being covered

with round spots which are paler than the ground color, and crimson or gray. The

lower fins are usually edged with bright colors. The sexual differences are not great.

The scales, in general, are smaller than in other Salnionidse, and they are imbedded

in the skin to such a degree as readily to escape notice.

" One trout scale in the scales I 'd lay

(If trout had scales) and 't will outweigh

The wrong side of the balances." — Lowell.

The charrs inhabit, in general, only the clearest and coldest of mountain streams

and lakes. They are not migratory, or only to a limited extent. In northern regions

they descend to the sea, where they grow much more rapidly and assume a nearly

uniform silvery gray color. The different species are found in all suitable waters

throughout the northern parts of both continents, except in the Rocky mountains and

great basin, where only the black-spotted trout occur.

The number of species of charr is very uncertain, as, both in America and Europe,

trivial variations and individual peculiarities have been raised to the rank of species.

More types, however, seem to be represented in America than in Europe.

The only well-authenticated species in European waters is the red charr, Salbling,

or Ombre Chevalier {Salveliiius alpinus), Fig. 97. This species is found in cold, clear

streams and lakes in Switzerland, Germany, and throughout Scandinavia and the British

Islands. Compared with the American charr or brook trout, it is a slenderer fish,

with smaller mouth, longer fins, and smaller red spots, which are confined to the sides

of the body. It is a "gregarious and deep-swimming fish, shy of taking the bait, and

feeding largely at night-time. It apj)ears to require very pure and mostly deep water

for its residence." It is less tenacious of life than the trout. It reaches a weight of

from one to five pounds, probably rarely exceeding the latter size. The various charr

of Siberia are too little known to be enumerated here.

Of the American charr, the one rnost resembling the European one is the Rangeley

Lake trout {Salveliiius oquassd). The exquisite little fish is known in the United

States only fi-om the Rangeley chain of lakes in western Maine. Quite lately speci-

mens of what appears to be the same species have been taken in arctic America, about

Cumberland Gulf. Whether the species still inhabits any intervening waters is un-

known. The Rangeley trout is much slenderer than the common brook-trout, with

much smaller head and smaller mouth. In life, it is dark blue above, and the deep red

spots are confined to the sides of the body. The species rarely exceeds the length of

a foot. So far as is known, it keeps itself in the depths of the lake until its spawning
season approaches, in October, when it ascends the streams to spawn.

Another beautiful little charr, allied to S. oquassa, is the Floeberg charr [Salvelinus

arct'urus.) This species has been brought from Victoria Lake and Floeberg Beach, in

the extreme northern part of arctic America, the northernmost point whence any sal-

monoid has been obtained.

The American charr, or, as it is usually called, the brook-trout (Salvelinus fontina-

lis), although one of the most beautiful of fishes, is, perhaps the least graceful of all

the genuine charrs.

It is technically distinguished by the somewhat heavy head and large mouth, the
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maxillary bone reaching more or less beyond the eye. There are no teeth on the

hyoid bono, traces at least of such teeth being found in nearly all the other species.

Its color is somewhat different from that of the others, the red spots being large, and

the back more or less mottled and barred with darker olive. The dorsal and caudal

fins are likewise barred or mottled, while in the other species they are generally

uniform in color.

The brook trout is found only in streams east of the valleys of the Mississippi and

the Saskatchawan. It occurs in all suitable streams of the Alleghany region and the

great lake system, from northern Georgia northward at least to Labrador and Hud-
son Bay, the northern limits of its range being as yet not well ascertained. It varies

greatly in size, according to its surroundings, those found in lakes being larger than

those resident in small brooks. Those found farthest south, in the headwaters of the

Chattahoochee, Savannah, Catawba, and French Broad, rarely pass the dimensions of

Fig. 101. — SalveUnusfonfinalis, brook trout.

fingerlings. The largest specimens are recorded from the sea along the Canadian

coast. These fi-equently reach a weight of ten pounds, and, from their marine and

migratory habits, they may be regarded as forming a distinct variety, Salvelinus fon-

tinalis var. immaculatus. The largest fresh-water specimens rarely exceed seven

pounds in weight. Some unusually large brook trout have been taken in the Rangeley

lakes, the largest known to me having a reputed weight of eleven pounds.

The brook trout is the favorite game-fish of American waters, pre-eminent in wari-

ness, in beauty, and in delicacy of flesh. It inhabits all clear and cold waters within

its range, the large lakes and the smallest ponds, the tiniest brooks, and the largest

rivers, and, when it can do so without soiling its aristocratic gills on the way, it de-

scends to the sea and grows large and fat on the animals of the ocean.

Although a bold biter, it is a wary fish, and it often requires much skill to capture

it. It can be caught with artificial or natural flies, minnows, crickets, worms, grass-

hoppers, grubs, the spawn of other fishes, or even the eyes or cut pieces of other trout.

It spawns in the fall, from September to late in November. It begins to reproduce at

the age of two years, then having a length of about six inches. In spring-time, the

trout delight in rapids and swiftly running water, and in the hot months of midsummer
they resort to deep, cool, and shaded pools. Latei-, at the approach of the spawning

season, they gather around the mouths of cool, gravelly brooks, whither they resort to

make their beds. {HallocJc.)
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The trout are rapidly disappearing from our streams through the agency of the

manufacturer and the summer boarder. In the words of an excellent angler, Myron

W. Reed,— " This is the last generation of trout-fishers. The children will not be able

to find any. Already there are well-trodden paths by every stream in Maine, in New
York, and in Michigan. I know of but one river in North America by the side of

which you will find no paper collar or other evidence of civilization. It is the

Nameless River.

" Not that trout will cease to be. They will be hatched by machinery and raised

in ponds, and fattened on chopped liver, and grow flabby and lose their sjjots. The
trout of the restaurant will not cease to be. He is no more like the trout of the wild

river than the fat and songless reed-bird is like the bobolink. Gross feeding and easy

pond life enervates and depraves him.

" The trout that the children will know only by legend is the gold-sprinkled, living

arrow of the white water ; able to zig-zag up the cataract ; able to loiter in the rapids 5

whose dainty meat is the glancing butterfly."

The brook trout adapts itself readily to cultivation in artificial ponds. It has been

successfully transported to Europe, and is already abundant in certain streams in

England and elsewhere.

The " Dolly Varden " trout {Salveliniis tnalma) is very similar to the brook trout,

closely resembling it in size, form, color, and habits. It is found in the streams of

northern California, Oregon, Washington, British Columbia, and Alaska, mostly to

the westward of the Cascade Range. It often enters the sea, and specimens of eleven

pounds weight have been obtained by the writer in Puget Sound.

The Dolly Varden trout is, in general, deeper in body, and less compressed than the

eastern brook trout. The red spots are found on the back of the fish as well ^s on the

sides, and the back and upper fins are without the marblings and blotches seen in Salve-

linus fontindlis. In value as food, in beauty, and in gaminess, Salveliniis malma is

very similar to its eastern cousin. The Greenland charr (Salvelinus stagnalis) seems

to be distinguished chiefly by the great length of its fins. Little is known of its

habits.

Allied to the true charrs, and now placed with them in the genus Salvelinus, is the

great lake trout, otherwise known as Mackinaw trout, longe or togue {Salvelinus

namaycush). Technically, this fish differs from the true charrs in having on its vomer
a raised crest behind the chevron, and freefrom the shaft. This crest is ai-med with

strong teeth. There are also strong, hooked teeth on the hyoid bone, and the teeth

generally are proportionately stronger than most of the other species.

The great lake trout is grayish in color, light or dark, according to its surround-

ings, and the body is covered with round paler spots, which are gray instead of red.

The dorsal and caudal fins are marked with darker reticulations, somewhat as in the

brook trout. The great lake trout is found in all the larger lakes from New England
and New York to Wisconsin, Montana, and Alaska. It reaches a much larger size

than any other Salvelinus, specimens of from fifteen to twenty pounds weight being

not uncommon, while it occasionally attains a weight of fifty to eighty pounds. ' As a

food fish it ranks high, although it may be regarded as somewhat inferior to the brook

trout or the white-fish.

Compared with other salmonoids, the great lake trout is a sluggish, heavy, and

ravenous fish. They have been known to eat raw potato, liver, and corn-cobs, refuse

thrown from passing steamers. According to Herbert, '' A coarse, heavy, stiff rod, a
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long and powerful oiled hempen or flaxen line, on a winch, with a heavy sinker ; a cod-

hook, baited with any kind of flesh, fish, or fowl, is the most successful, if not the most

orthodox or scientific, mode of capturing him. His great size and immense strength

alone gives him value as a fish of game ; but, when hooked, he pulls strongly and

fights hard, though he is a boring, deep fighter, and seldom, if ever, leaps out of the

water, like the true salmon and brook trout."

In the depths of Lake Superior is a variety of the great lake trout known as the sis-

cowet {Salvelinus tiamaycush, var. siscowet), remarkable for its extraordinary fatness

of flesh. The cause of this difference lies, probably, in some peculiarity of food, as

yet unascertained.

The small family of PEECOPSiDiE may be defined, in brief, as having the form and

general characters of a salmonoid, with the mouth and scales of a Percoid. The pre-

maxillaries form the entire margin of the upper jaw, and the small teeth are found

only in the jaws. The bones of the head are full of mucous cavities. The fins are

formed essentially as in the Salmonidse. The scales are strongly ctenoid, and the

rather large eggs are excluded through an oviduct. The family is one of especial

interest as exhibiting transitional characters, and it is thought to be allied to certain

fossil Isospondylous forms.

But one species is now known. The trout perch {Percopsis guttatus) is a small,

silvery fish, reaching a length of about six inches. It is found in the great lakes and

their tributaries, and occasionally in the Mississippi valley. At Chicago it abounds

about the wharves, where it is used as bait.

Sub-Oedek IV.— HAPLOMI.
The sub-order Haplomi is characterized, among the physostomous fishes, by the

absence of the prsecoracoid arch. In most other respects the groujj agrees technically

with the Isospondyli. There is never an adii^ose dorsal, an4 the rayed dorsal is more

or less posterior in position, often placed opposite to the anal. The head is depressed

above, and usually more or less scaly. The species are nearly all quite small in size,

and all inhabit fresh or brackish waters, some of them being found in nearly all parts

of the earth, with the exception of tlie Australian and Polynesian regions, and the

western parts of the United States. There are three families, all easily distinguished.

The EsociD.E, or pikes, have the body long and slender, and the mouth large, its

bones armed with very strong, sharp teeth of different sizes, some of them being mov-

able. The upper jaw is not protractile, and its margin, as in the Salmonidte, is formed

by the maxillary. The scales are small, the dorsal fin far back and opposite the anal,

and the stomach is without pyloric cceca. There is but a single genus, with about

five species. Four of these are North American, the other one being found in Europe,

Asia, and North America.

All the pikes are greedy and voi-acious fishes, very destructive to other species

which may happen to be their neighbors ;
" mere machines for the assimilation of

other organisms." Thoreau describes the pike as "the swiftest, wariest, and most
ravenous of fishes, which Josselyn calls the river wolf. It is a solemn, stately, rumi-

nant fish, lurking under the shadow of a lily-pad at noon, with still, circumspect,

voracious eye ; motionless as a jewel set in water, or moving slowly along to take up its

position ; darting from time to time at such unlucky fish or frog or insect as comes within

its range, and swallowing it at a gulp. Sometimes a striped snake, bound for greener

meadows across the stream, ends its undulatory progress in the same receptacle."
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As food-flshes, all the Esocidsa rank high. Their flesh is white, fine-grained, dis-

posed in flakes, and of excellent flavor.

The finest of the Esocidae, a species to be compared, as a grand game fish, with the

salmon, is the muskallunge {£Jsox nobilior). Technically, this species may be known

by the fact that its cheeks and opercles are both naked on the lower half. It may be

known also by its great size, and by its coloi",— young and old being spotted with black

on a golden-olive ground.

The muskallunge is found only in the great lake region, where it inhabits the

deeper waters, except for a short time in the spring, when it enters the streams to

spawn. It often reaches a length of six feet, and a weight of sixty to eighty pounds.

It is necessarily somewhat rare, for no small locality would furnish food for more than

one such giant. It is, says Hallock, " a long, slim, strong, and swift fish, in every way

formed for the life it leads, that of a dauntless marauder."

The pike (JEsox lucius) is smaller than the muskallunge, and is technically best dis-

tinguished by the fact that the opercles are naked below, while the cheeks are entirely

Fig. 102. — Esox lucius, pike.

scaly. The spots or bars in the pike are whitish or yellowish, and always paler than

the olive-gray ground color. It is the most widely distributed of all fresh-water fishes,

being found from the upper Mississippi valley, the great lakes, and New England, to

Alaska, and throughout northern Asia and Europe. It reaches a weight of ten to

twenty pounds or more, being' a large strong fish in its way, inferior only to the mus-

kallunge. In England, Esox lucius is known as the jiike, while its young are called

by the diminutive pickerel. In America, the name pickerel is usually given to the

smaller species, and sometimes even to Esox lucius itself, it being rather a synonym

for pike than its diminutive.

Of the small pike, or pickerel, we have three species in the eastern United States.
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These are greenish in color, and banded or reticulated, rather than spotted, and, in all,

the opercles as well as the cheeks are fully covered with scales. One of these {Esox.

reticularis) is the common pickerel of the Eastern States, which reaches a respectable

size, and is excellent as food. The others (Esox americamcs, Esox vermiculatus)

seldom exceed a foot in length, and have no economic importance.

Closely allied to the Esocidae is the small family of the mud-minnows, or.TJMBKiD^,

which technically differ from the pike,

chiefly in the smaller mouth and weak

dentition. The two known species reach

but a small size, and their distribution is

somewhat anomalous, indicating perhaps a

former wider range.

The species are sluggish, carnivorous

fishes, living in weeds or mud at the bot-

toms of clear streams or ponds in rather cold regions. They are very tenacious of life,

but do not live long in warm or turbid waters.

Of the known species, the Hundsfisch ( Umh-a crameri) is found in Austria. Its

near relative, the mud minnow ( Uhibra limi) abounds in the streams and swamps

of the northern states. It often lives for a long time imbedded in the mud of prairie

sloughs and bog-holes, where it has sometimes been ploughed up alive.

The large family of Cypeinodoxtid^ or killifishes, is distinguished among the

Haplomi by the structure of its mouth. The short upper jaw is extremely protractile.

Fig. 103, — Umbra limi, iiiud niimio-\v.

Fig. 104.— Anabkps tetrophthalmus.

and its margin is formed by the premaxillaries alone. The teeth are small, and of

various forms. The scales are large and cover the top and sides of the head. The
stomach is without pyloric cceca, and the intestines are long or short according to the

food of the fish.
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About one hundred and forty sj^ecies are now known, from the streams and brack-

ish lagoons of the eastern United States, tropical and South America, Africa and Asia.

Few are found in Europe, and few in the north Pacific region, and none much north of

the latitude of Boston. The majority frequent brackish lagoons, lowland swamjjs, and

mouths of rivers, but the strictly fresh-water species often abound in the clear fountain-

heads of streams. Some African species live in hot sj^rings.

The species are all of small size, some of them {Heterandria) being the smallestknown
vertebrates. The largest species (Anableps, Fundulus) seldom reach the length of a

foot. In most species the sexes are dissimilar, and in several genera the anal fin of the

male fish is modified into an intromittent organ, whereby the ova are fertilized before

exclusion. Such sj)ecies are ovo-viviparous, the young being developed in a sort of

uterus, and being born at a comi^aratively advanced stage of growth. At birth, they

closely resemble the adult fish. Most of the viviparous species feed upon mud ; the

others upon insects and small oi'ganisms. The majority are surface fishes, swimming

about slowly, with their eyes partly out of the water. Others ( Cyprinodon, Fundulus)

are more active, and keep near the bottom, but always in very shallow waters. None
of the species have any economic value. All are very tenacious of life.

Of the numerous genera, the following are some of the most noteworthy. The
genus Cyprinodon comprises numerous chubby little fishes of the shores of America

and southern Europe, provided with tricuspid incisor teeth. They are oviparous and

carnivorous. Similar to these, but

with a long dorsal fin and a general

resemblance to young sun-fishes, is

the genus Jordandla of the lakes

and everglades of Florida. Most
of the larger species belong to the

genus Ftmdulus, which is widely

distributed both in fresh waters

and in salt. The largest North
American species is Fundulus
majalis ; the most common, Fun-
dulus heteroclitus.

Of the genera with modified

anal, and consequently ovo-vivipa-

rous, we may notice Gambusia.
One species of the genus

( Gambusia patruelis) abounds in all swamps and brooks of

the lowlands of the south, and brings forth its brood in early spring. The males are

smaller than the females and are much less numerous.
Allied to Gambusia are Mollienesia, with large, banner-like dorsal fin, Pcecilia,

with smaller fins, Xiphophorus, with a sword-shaped lower lobe to the caudal, Goodea,
with tricuspid teeth, and Heterandria with small teeth in a single row. Heterandria
formosa, a pretty little fish of the southern lowlands, is said to be the smallest of

fishes, rarely exceeding half an inch in length.

The most curious of the Cyin-inodontidse is the genus Anableps of the streams of

tropical America. These are surface-swimming fishes, like Gambusia and Zygonectes.

The prominent eye is divided by a horizontal partition into two parts, the upper
adapted for vision in the air, the lower in the water. These fishes reach a length of

more than a foot, being the largest of the Cyprinodontidee.

Fig. 105. — Gambusia patruelis, top miunow, male and female.
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The remarkable family of cave-fishes (Amblyopsid^), is closely allied to the

CyprinodontidsB, differing among other things in the position of the vent, which is at

the throat, instead of at the usual position behind the ventral fins. The mouth is

larger than in the Cyprinodontidae, and the upper jaw is scarcely protractile. The
species are viviparous, the young Amhlyopsis having at birth a length of one fourth of

an inch. Other peculiarities of the members of the family are rather of the nature of

adajstations for their peculiar mode of life.

The five species known are all small fishes, the largest not exceeding five inches in

length. They inhabit the cave streams of Illinois, Indiana, Kentucky, Tennessee, and

Alabama, and a single species is found in the ditches in the South Carolina rice-fields.

Two of the species (Antblyopsis spelceus, Typhlichthys sicbterraneus) inhabit only

the depths of the subterranean rivers. In these species, the eyes are reduced to a

Fig. 106. — Amhbjopsis spekcus, blind fisli.

useless rudiment, hidden under the skin, the body is translucent and colorless, and the

head and body are covered with numerous rows of sensitive pajiilte, which form a

very delicate organ of touch.

In the genus Chologaster, the eyes are ^vell developed and the body colored as in

ordinary fishes. In one species ( Cholofjaster picqnlUfer) tactile papillae are developed,

as in Amblyopsis. This species lives in cave sjirings of southern Illinois. In the

other species there are no tactile papillae. Of these species, one {C. agassizi) was

taken from a well in Tennessee ; the other ( C. coniutus)

is not a subterranean fish at all, being known, as above

stated, from the rice ditches of South Carolina. Only the

Mammoth Cave blind fish {Amblyopsis spelceus) is as yet

common in collections, the others being comparatively

rare. It is probable that other species will be found when
the lowland swamps and cave streams of the south and

west are more fully explored.

The origin of the blind-fishes is a source of interest-

ing speculations. We can hardly resist the conclusion

that the cave forms are descended from some species of

the type of Chologaster cornutus, which inhabits the low-

land streams with its allies, the viviparous Cyprinodonts.

It is probable that the family M'as once more numerously

represented than it is now, and extended itself over a

wider range. The differences separating the Amblyop-
sidse from the Cyprinodontidaj seem too radical for us to

consider the latter as we now know them as the ancestors of the former, but the two

groups probably have had, not far back, a common ancestrj'.

In regard to the peculiar position of the vent in the Amblyopsidse, we may notice

Fig. 107 Nervous sj'Steiii of Am-
blyopsis I c, cerebi'uni ; e, rudi-

mentary eye ; o, optic nerve ; ol,

olfactory nerve ; opy optic lobes.
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that it occurs again in a very singular fisli, Aphredoderus sayanus, which inhabits

the same geographical range.

As to the habits of the blind-fish, I quote as follows from Professor Cope.

" If these AmUyopses be not alarmed, they come to the surface to feed, and swim

in full sight like white aquatic ghosts. They are then easily taken by the hand or net

if perfect silence be preserved, for they are unconscious of the presence of an enemy,

except through the sense of hearing. This sense is, however, evidently very acute,

for, at any noise, they turn suddenly dowmi ard and hide beneath stones, etc., at the

bottom. They must take much of their food near the surface, as the life of the depths

is apparently very sparse. This habit is rendered easy by the structure of the fish, for

the mouth is directed upwards, and the head is very flat above, thus allowing the

mouth to be at the surface."

Sub-Order V.—XENOMI.
This sub-order contains but a single family, the DALLiiDiE. In all external respects

the Xenomi resemble the Haplomi, but the structure of the pectoral elements of the

skeleton distinguishes them sharply from all other soft-rayed fishes.

But one species of DalliidiB is yet known. The black-fish of Alaska and Siberia

(JDallia pectoralis) reaches a larger size than the mud-minnow, and is more pike-like in

appearance. It furnishes a very important article of food to the natives of these

northern regions, in which it is the only fresh-water fish, except the Salmonidae.

D. S. Jordan.

Sub-Oedbr VI.— SYNENTOGNATHI.
Intel-mediate between the typical Physostomous and Physoclistous fishes are certain

forms which have been segregated into a sub-order under the name Synentognathi,

The air-bladder is destitute of a communication with the intestinal canal, and the

Fig. 108. — Scomberesox saurus, skipper, bill-fisb".

fishes are to that extent physoclistous ; but there are no spines to the dorsal, anal, or

ventral fins, and consequently these forms more nearly resemble the great majority of

physostomous fishes; the ventrals are also, as in the latter, abdominal in position. On
the one hand the species in question are closely related to the Haplomi, and on the

other to the Percesoces ; and this resemblance, which is manifested in many structural

characteristics, is extended by the likeness in external appearance. Two families have

been distinguished among the representatives of this sub-order, the Exocoetidae and

the Belonidae.

The flying-fishes are the representatives of a family somewhat numerous in species,

comprising, in addition to the flying-fishes themselves, several types of special interest,

whose extremes differ considerably from the flying-fishes, but which are, nevertheless,

connected together by such gradations as to render it evident that the family is quite

a natural one. The name Exoccetid^ should by rights be used for the family.

Several well-marked groups or sub-families are embraced in it.
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The Scombei-esoeines are distinguished by the compressed body, the extension of

the jaws into more or less produced or elongated attenuated points, and a moderate

development of the pectoral fins. A number of species are known, the most interest-

ing of which are the jScomberesox saurus of Europe and America, and the S. brevirostris

of the western American coast. The species seem to be to some extent migratory,

approaching the coast in the commencement of summer, and departing before the end

of autumn. They live in large schools, and swim mostly on the surface. They are

capable of flight, but to a very limited extent, and, like the flying-fishes, avail them-

selves of their agility to escape their pursuers in the shape of porpoises or large species

of their own class, such as the tunny, bonito, and related scombroid fishes. A
most interesting spectacle, and that which well illustrates their great agility, is when

they are followed by their pursuers. In the words of Mr. Couch, who speaks of the

English form, "multitudes then mount to the surface, and crowd on each other as

they press forward. When still more closely pursued, they spring to the height of

several feet, leap over each other in singular confusion, and again sink beneath. Still

further urged, they mount again and rush along the surface, by repeated starts, for

more than one hundred feet, without once dipping beneath, or scarcely seeming to

touch the water. At last the pursuer springs after them, usually across their course,

and again they all disappear together. Amidst such multitudes— for more than twenty

thousand have been judged to be out of the water together— some must fall a prey

to the enemy ; but, so many hunting in company, it must be long before the j)ursuers

abandon. From inspection we could scarcely judge the fish to be capable of such

flights, for the fins, though numerous, are small, and the pectoral far from large,

though the angle of their articulation is well adapted to raise the fish, by the direc-

tion of their motions, to the surface."

The Scomberesocines are supposed to feed chiefly on soft pelagic animals. The
statements as to their gaminess are somewhat contradictory, but the representative spe-

cies, at least, is said rarely to take the bait, and when this has happened the boat has

been under sail, the men fishing with a lash or slice of mackerel, made to imitate the

living body. It is also rarely taken " since the drift fishermen began the practice of

sinking their nets a fathom or two below the surface, a circumstance which marks the

depth to which they swim ; but before this it was usual to take them, sometimes to

the amount of a few hundred, at almost every shoot of the pilchard nets."

Nearly related to the flying-fishes are species which have been distinguished as a

sub-family, Hemiramphinse, on account of the half bill, which is the result of the

spear-like prolongation of the lower jaw, and the slight prolongation, or projection, of

the upper. The form is straight and more or less elongated, and the most elongated

species of the family belong to it ; the dorsal, anal, and pectorals are generally mode-

rately developed, but in some the pectorals are quite long, and the lower lobe of the

caudal fin is also enlarged, thus, to some extent, resembling the Exoccetinse. The spe-

cies are quite numerous, and found in all tropical and sub-tropical seas. They asso-

ciate together in large schools. Most are oviparous ; but a few species, forming the

genus Zenarchopterus, are viviparous, and have the anal fin much modified in relation

to that habit. Representatives of two genera occur upon the American coast.

The genus Hemiramphus has species with a robust body, short pectorals, and mod-

erate ventrals. One species is quite common along the Atlantic coast, and is found as

far north as New Jersey ; this is the H. unifadatiis. Another species, II. brasiliensis,

has also been caught on the coast. A third species, H. rosce, occurs on the Pacific
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shores, and extends as far northward as southern California, where, however, it does

not appear to be very common. The Semiramphus unifasciatus is of considerable

economical importance, being a rather savory fish, and is the object of jjursuit, espe-

cially by the blue-fish.

The genus JEuleptorhamphus is composed of species with a very slender body, long

pectorals, and short ventrals. The species are pelagic, and inhabit the open seas ; but

one species, JE. lo?igirostris, has several times been caught along the Atlantic coast.

The flying-fishes proper, forming the sub-family of Exocoetihes, are distinguished

by the development of the pectorals, which are elongated and capable of considerable

horizontal extension, so that the fish is buoyed up in the air, which it reaches by vig-

orous movements of its stout tail and caudal fin ; the fin having a somewhat enlarged

under lobe, considerably longer than the upper. By means of this disposition the up-

ward impulse is accentuated, and the fish thereby enabled, and more effectively, to

jump out of the water. The species of the family are pelagic, and representatives

are found in almost all the tropical and warm seas. They associate together in schools

of considerable size. The aerial flight is not strictly entitled to the name, for the pec-

toral fins are not used in active progression, but are simply employed as parachutes, to

sustain the body in the air, and to diminish the tendency to obey the law of gravita-

tion. The flns are, nevertheless, more or less vibrated, but it is rather by an opposi-

tion to the air than by the volition of the animal. Emergence from the water is

effected almost solely by the well-developed caudal fin, and especially by the extension

of its lower lobe. Contradictory statements have been made as to the rate and

length of flight of flying-fishes. According to Pi'ofessor Jordan, the flying-fish of

southern California (Meocwtus californiensis) " flies for a distance of sometimes nearly a

quarter of a mile, usually not rising more than three or four feet. Its motions in the

water are extremely rapid, and its motive power is certainly the movement of its

powerful tail in the water. On rising from the water, the movements of the tail are

continued for some seconds until the whole body is out of the water. While the tail

is in motion, the pectorals are in a state of very rapid vibration, and the ventrals are

folded. When the action of the tail ceases, the pectorals and ventrals are spread, and,

as far as we can see, held at rest. When the fish begins to fall, the tail touches the

water, and the motion of the pectorals recommences, and it is enabled to resume its

flight, which it finally finishes by falling into the water with a splash. When on the

wing it resembles a large dragon-fly. The motion is very swift; at first it is in a

straight line, but this becomes deflected to a curve, the pectoral on the inner side

of the arc being bent downward. It is able, to some extent, to turn its course to

shy off from a vessel. The motion seems to have no reference to the direction of

the wind."

Ten species of flying-fishes have been observed off the North American coast ; no

less than nine have been taken along the eastern {Exocoetus exiliens, E. rondeletii, E.
vinciguerrce, E. volitans, E. heterurus, E. furcatus, E. gibbifrons, Sdlocypselus

evolans, and J'arexocoetus mesogaster), but on the Pacific coast only one (the Exocoe-

tus californiensis) has hitherto, been secured. The Californian species is noteworthy
as being one of the largest— if not actually the largest— of the family; it ordinarily

attains a length of about sixteen or seventeen inches.

The genus Fodiator, very recently established, is distinguished for the sharp pro-

longation of the lower jaw, and is to some extent intermediate between the flying-

fishes and the half-beaks, or Hemirhamphines,
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Gai", or gar-fish, is a name generally applied by the English-speaking peoples to

fishes having both jaws prolonged into elongated, narrowed, but stout bills. These

elongated jaws are beset with numerous well-developed and sharp-pointed teeth. The
dorsal and anal fins are far back, and opposite, and more or less developed, the

dorsals sometimes being quite large and almost sail-like. Such fishes have been distin-

guished as a family under the name Bet^onid^, and a number of anatomical characters

confirm the separation from the Exoccetidse, with which they have been generally con-

founded. It is noteworthy that the bones of all the species examined are greenish. The
body is covered with cycloid scales, generally of a veiy small size, and the latei-al line

is decurrent, and runs low down on the sides. The species are quite voracious; and

those of large size may be even dangerous to man himself. " They are very agile, and

may occasionally be seen to leap out of the water. It seems that this propensity may
be not without some inconvenience, or even danger, especially in the case of the large,

stout-billed species. Mr. S. Archer ' was being pulled off from the shore to H. M. S.

Himalaya in the harbor of Aden, when a fish jumped out of the water over the boat,

and in doing so struck the hat of another oflicer, and knocked it into the water. When
the hat was recovered ' there was found ' in the hard felt a slit about four inches in

length.' The fish was doubtless a gar. Professor Moseley, in comments upon this

incident, asserts that 'it is the constant habit of large Belones,' — some of which

attain a length of five feet,— ' when startled, to move along the surface of the water

with astonishing rapidity.' Professor Moseley had 'seen them thus spring out of the

water, when scared by a boat,' and had been told ' that in some of the Pacific islands

these fish not uncommonly cause the death of the natives, who, when wading in the

water, have their naked abdomens speared by the sharp snouts of the fish, with the

result of causing peritonitis. The fish appear to bound blindly away from danger, and

strike any object in their way haphazard.'

"

The typical genus is Belone, and it is to this that the common gar-pike (£. viilga-

ris) belongs ; but the American species are distinguished by the absence of gill-rakei's,

while Selone has them well developed, and also by the absence of teeth on the vomer

or palatines. The tail, or caudal peduncle, is likewise generally more or less depressed

and flattened outwards, ending sideways in callous ridges. In allusion to this last

character, the generic name Tylo&nrus has been applied to them. Five species

have been obtained along the eastern American coast, and one, T. exilis, on the

Pacific side. The common species of the north Atlantic, T. marinus, although a true

salt-water fish, often ascends far up into the fresh waters. A notable species, on

account of the robustness and sjnke-like form of the jaws, is T. glacUus, of the Florida

coast and the neighboring Caribbean and gulf seas.

Sub-Oedee VII.— PERCESOCES.

We come now to a group of fishes which, on one hand, is evidently related to the

three sub-orders just described, and, on the other, to the great host of Acanthop-

terygious or spiny-finned fishes which hereafter follow. The appropriate name,

Percesoces, indicating this combination of the characters distinctive of the typical

perch-like fishes and the pike-like form, was given by Prof. Cope. The group thus in-

termediate may be defined as teleost fishes with the ventrals sub-abdominal or abdom-

inal, a spinous dorsal fin developed in addition to the soft, and the air-bladder destitute

of connection with the intestinal canal. The group is now represented by but few
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types, but these are all very characteristic and quite rich in species ; the families have

been named Sphyreenidas, Atherinidse, and Mugilidse.

In all troi^ical and sub-tropical waters are found fishes of an elongated pike-like

form, with the head compressed, conical, and pointed in front, the mouth well fissured

and armed with strong teeth ; two dorsal fins quite separated from each other, the

first armed with five or six spines, and the hinder provided with one spine and nine or

ten rays ; the anal opposite the second dorsal, and like it in form and extent ; the

Fig. 109. — Sphyrana spet, barracuda (aboye), and Lophius piscatorius, fishing-frog, goose-fish (below).

ventrals not far behind the breast, and the vertebrae developed in normal number.

The family so distinguished is named Sphyejenid^. The fishes of this type, although

more especially abundant in the equatorial and warmer seas, are represented by wan-

derers northward and southward. About twenty species are known, four of which

visit the coast of the United States ; of these, three wander more or less north-

ward along the eastern coast, and one occurs on the western coast. The most general

name along the American coast is barracuda, and this is applied to all the species both

east and west.

VOL. III. —12
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The common and dreaded barracuda of the West Indies is the Sphyroena picuda
of naturalists, and is common on the Florida coast ; a couple of examples have been

taken as far north as Wood's Holl, Massachusetts. Its special range is, however, the

expanse of the Caribbean Sea and Gulf of Mexico; in these equatorial regions it is

especially abundant. It is the largest, at least, of the American species of the family,

and sometimes attains a length of eight feet and a weight of about forty pounds.

Such large fishes are said to be as much dreaded as the great sharks, and their for-

midable armature renders them well capable of inflicting severe and even fatal wounds.

It is, of course, a carnivorous fish, and destructive to the finny tribes generally. As a

food fish it is under suspicion, and is indeed a species under the ban in the Cuban
markets, as there have been repeated instances of severe sickness caused by eating its

flesh. It seems, however, only, under special conditions that the flesh is poisonous, for

generally it can be eaten with impunity, and is quite savory. Sphyrcena spet, the

common European species, is not rare on our coast.

The species representing the family on the western coast is Sphyrcena argentea.

It extends northward in summer to San Francisco, and great numbers are

taken everywhere from Santa Cruz southward. It occurs in the greatest abundance

at some distance from the coast, according to the depth of the water, three miles

or more. It appears in late spring or summer, and the runs about the Santa Bar-

bara Islands are in July or early in August; in about a month the adults usually

disappear ; the young, however, remain southward and are taken with the seine in

winter. Anchovies form a large portion of its food. It is regarded as one of the

best fishes of the west coast, and is especially esteemed when dried and salted, and in

such state commands a higher price than the Alaska cod-fish.

A family rich in species, a few of which have some economical importance, is the

Atheeistid^. These have the body elongated, and generally the dorsal and abdominal

outlines nearly parallel ; but a few are most robust and subfusiform. The head is

more or less conical and pointed, as seen from the sides. The teeth are small, and

sometimes, though very rarely, entirely wanting. There are two dorsals, the first one

having three to eight feeble spines, the second entirely separated from it, moderately

well developed, and opposite the anal ; the latter is generally the larger of the two.

The ventral fins are small, and, although abdominal, not very far behind the breast,

and composed of a small spine and five rays. The pectoral fins are inserted high up

towards the shoulders. The vertebras are quite numerous. Most of the species are

more or less tinted with green on the back and sides, and have a broad, longitudinal,

silvery band along the flanks. There are about ten genera, of which six are repre-

sented in the American waters. The typical genus, Atherina, has two species along

the southern coast, A. Carolina and A. veliana, but most of the east-coast species

belong to the genus Menidia, and it is of this that the common silver-sides of the

north {M. hosci) is a member. By far the largest and most valuable of the species

is the Atherinopsis californiensis of the Californian coast. This attains the length of

about eighteen inches, or perhaps even more, and is known in the San Francisco

market as a ' smelt.' It is very savory, and quite highly esteemed for the table. A
related species, A. regius, is one of the most highly esteemed fishes of the Chilian

coast ; and its popular name, pesce rey, or king-fish, bears testimony to the esteem in

which it is held. One species, Lahidesthes sicculus, is a fresh-water fish, living in

lakes and sluggish streams from northern New York to Iowa and Tennessee.

The next family— that of the mullets, or Mugilid^— has an almost universal distri-
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bution in trojiical and temperate waters, but the species ascend only a short distance

up the Pacific coast of North America, and are wanting in the northern Califomian

waters and further northwai-d. They are fishes that especially affect the brackish

waters, and although they belong to the category of sea-fishes, a few, especially in

tropical regions, are permanent residents of fresh water. Mullet is the name by which

the species are known to almost all of the English-speaking races, but they must not

be confounded with the celebrated mullet of the ancient Romans— the type of the

family MuUidae— for they belong to a different sub-order. A number of localmod-
ifications or prefixes to the name also occur: for example, the species along the

American coast at Cape Hatteras are called jumping mullet and sand mullet, and in

southeastern Florida, silver mullet and big-eyed mullet ; specific forms or conditions are

known as ' fat back ' in Northampton county, Virginia, and in Florida ; in Connecticut

small ones are known as the bluefish-mummichog, a name due to an imagined simi-

larity to the Funduli or true mummichogs. Seventy or eighty species represent the

family in various parts of the world, and they are divided into eight or nine genera.

The typical genus Mugil contains far more than all the others combined, and is the only

one represented in the European and in American waters north of South Carolina. All

the family have nearly the same external appearance ; the form is elongated, with the

back and ventral outline nearly parallel for the middle third of the length, and the

head flattened and covered with large scales (as is also the entire body) ; the mouth

is generally small and little extended backwards the teeth, when developed, as a

rule, are very small. Two dorsal fins are present the first has always four spines, the

first two of which diverge from the same base ; the second fin is oblong, and some

distance behind the first ; the anal is like and opposite the second dorsal ; the ventral

fins arise a short distance behind the pectorals; and the caudal fin is stout, more or less

emarginate, and has roundish lobes. The species associate together in large schools,

and periodically appear in the warmer season on the coast which they inhabit ; in the

north, at least, they are supposed to retire to deeper water in the winter. Small mul-

let, however, are abundant all the year round along the southern United States coast,

and isolated individuals are not infrequently taken.

Two species of Mugil occur on the Atlantic coast of the United States north of

Florida, the Mugil alhula (identified by Jordan and Gilbert with the M. cephahis of

Europe) and the Mugil curema (better known as the M brasiliensis) ; both range

northward to Cape Cod, but the former is the most abundant in the north, and in the

south is one of the most important, according to some, the most important food fish

of the region. The M. albula has almost naked second dorsal and anal fins, and lon-

gitudinal stripes on the body ; the M. curema has scaly second dorsal and anal fins,

and there are no distinct lines of color along the sides. Other species advance on the

Florida coast. Besides, a very small mullet of a peculiar generic type ( Qiierimana

gyrans) may be found from Florida to Charleston ; it might easily be taken for the

young of the large mullet, but is distinguished by the distinct teeth and the develop-

ment of only two anal spines.

According to Goode, the large mullets begin to assemble along the Florida coast

in schools in the height of summer, probably pi-eparatory to spawning, and at this time

the eggs commence to mature. In this season they swim at the surface, and are then

pursued by enemies in the water and the air, and also fall an easy prey to the fisher-

men. ' They appear to prefer to swim against the wind, and school best with a north-

east wind. They also run against the tide. In Florida the spawning season seems to
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extend from the middle of November to the middle of January. " Some of the fisher-

men say that they go on the mud-flats and oyster beds at the mouth of the river to

deposit their eggs. What becomes of them after this no one seems to know, but it

is probable that they spread themselves over the whole surface of water-covered

country in such a manner as not to be perceptible to the fisherman, who makes no

effort at this time to secure the spent, lean fish. Many of them jsrobably find their way
to the lakes, and others remain wherever they find good feeding ground, gathering

flesh and recruiting strength for the great strain of the next spawning season."

Professor Goode informs us that the fishermen recognize " three distinct periods of

schooling and separate runs of mullet. To what extent these are founded on tradi-

tion, or upon the necessity of change in the size of the mesh of their nets, it is impos-

sible to say. The ' June mullet ' average about five to the pound ; the ' fat mullet,'

which are taken from August 20 to October 1, weigh about two pounds ; these have,

the fishermen say, a ' roe of fat ' on each side as thick as a man's thumb. The ' roe mul-

let' weigh about two and a half pounds, and are caught in November and until

Christmas. Between the seasons of ' fat mullet ' and ' roe mullet,' there is an inter-

mission of two or three weeks in the fishing." Professor Goode hazards the suggestion

that " the 'fat mullet' of September are the breeding fish of November, with roes in

an immature state, the ova not having become fully differentiated."

The largest fish appear rarely to exceed six pounds, but one wae reported to Mr.

Goode that weighed over seven pounds, and his informant had heard of one weighing

fourteen pounds, and another which measured about twenty-nine inches in length.

Mullets, as a rule, feed on the bottom in still shoal water. They swim head down-

ward, taking from time to time mouthfuls of earth which is partially culled over in

the mouth. The microscopical particles of animal or vegetable matter are sifted out

and retained, while the refuse is expelled.

In some of their attitudes, mullets are claimed, by Mr. Stearns, to resemble barn-

yard fowls feeding together ; when a fish finds a spot rich in favored food, those near

at once recognize the fact and flock around it, in the manner characteristic of poultry.

They are said to eat little compared with other fishes of corresponding size, but this

information we may regard as requiring confirmation. Their assimilative and diges-

tive apparatus is curiously modified in relation to the food and the manner of taking

it, and the pharyngeal armature exercises the function of a filter. The sand or mud
taken in by the feeder is passed for some time between the pharyngeal bones, and the

roughest and most indigestible portions are rejected and cast from the mouth. The
stomach itself reminds one somewhat of a fowl's gizzard, and the entire intestinal

canal is very much elongated, being as much as six or seven times as long as the fish

itself, and makes a great number of circumvolutions.

There are certain fishes, living in the fresh waters of southern and eastern Asia,

and especially in the East Indies, which are too interesting to be entirely passed over,

and which it will be most convenient to notice here. They constitute a family named
OpHiocEPHALiDiE, and the species are quite commonly known in the East Indies as

walking-fishes, and in China as living-fishes, or words signifying such in the vernacular

of the countries referred to. By Professor Cope they have been referred to the Perce-

soces, but they exhibit fundamental differences from the other fishes of that division,

and their true relations are therefore in doubt. The body is elongated, and in front

subcylindrical, the scales moderate in size, and the head is somewhat snake-like, and

covered above with large, shield-like scales (whence the name Ophiocephalus, or snake-
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head) ; on the whole they have some resemblance to mullets. The dorsal fin is long,

and without spines, and the ventrals ai*e thoracic and have six rays, the first of which

is simple but articulated towards its end ; rarely are they wanting. A further note-

worthy feature is the development of a cavity over the gill-chamber, lined with a thick

membrane,' and which is subservient to the respiratory function and co-ordinate with their

peculiar habits. In fact, these fishes not only breathe air direct, but, if deprived of the

opportunity to do so, die of asphyxia. They live some in rivers, selecting holes which

are to be found along the banks, others in the reservoirs of water known in India as

' tanks,' and " delight in lying in the grassy edges, where the water is only sufficiently

deep to cover them, so that they have no difficulty in respiring atmospheric air direct."

They are monogamous, and prepare a sort of a nest for the future progeny, the male

assuming the task of nest-building, and chiefly using therefor his tail, but " biting off

the ends of the reeds that grow in the water." According to Dr. Day, they breed

twice a year— about June and December. The male is the chief guardian of the nest,

but the female may take up the duty if perchance her mate is lost and she left. In the

dry season the fishes burrow in the mud, often to a depth of two feet, or even more.

Occasionally they go out on the land, and, thus seen, have received the name of

" walking-fish." The Chinese name, " langya," or " living-fish," is due, says Sir John
Richardson, to the fact that they are " carried about in tubs, and sold in pieces cut

from the fish when alive." Some reach a considerable size, Ophiocephalus marulius,

according to Day, " attaining as much as four feet in length." Between twenty-five

and thirty species of the family are known.

SuB-OeDEE VIII.— ACAlfTHOPTEEYGII.

We have next to deal with numerous fishes which agree in having a greater or less

number of spines developed on the back, sometimes segregated in a distinct first

dorsal, at others in the anterior portion of a single fin, in which case the posterior rays

ai-e generally branched. The anal has also usually two or three spines,— sometimes

more, but rarely less than two. The ventral fins are inserted forwards, under or

nearly under the pectoral, or sometimes considerably in advance of them, and the

external rays are generally spinous. The forms so distinguished have usually been

combined together in an order, or sub-order, called Acanthopterygii, or Acanthopteri

;

but the group is not a homogeneous one, and it is probable that when the various

types shall have been dissected, and critically and comparatively studied, it will be

found that several sub-orders will require to be recognized.

The first group which appears to demand our attention is composed of certain

forms, some of which have a long geological history, and which have been generally

combined in one family under the name Berycidse. The diversities between the

various representatives of the group are, however, considerable ; and it seems to be

rather a super-family, BERYCOIDEA, with several families. Only one is of sufficient

general interest to detain us.

Under the names of squirrel-fish or Welshman, certain fishes, with the scales

smooth on the surface but spinous on the margin, with the bones of the head more or

less armed with ridges and spines, and whose color is generally of a reddish tinge, are

popularly known to the English settlers in tropical countries, and especially in Florida,

Bermuda, and the West Indies ; these form the family Holocentkidje. The form is

oblong, the head pointed, and the caudal is deeply emarginated, and has pointed lobes
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with small spines along their upper and lower margins. The dorsal fin is deeply

divided, or double, and the spinous portion much the longer. The ventral fins are

provided each with a spine, and generally seven rays. The species are quite numer-

ous, and found in all tropical seas; and one species, Jlolocentrus ascencionis or penta-

canthtts, occurs in the waters around Florida. It is an active fish, and its bright color

and quick, darting motions render it " one of the most conspicuous denizens of the

rock jDools." The common name, squirrel-fish, is supijosed to be due to sounds uttered

by the fish, which are imagined to resemble the bark of a squirrel ; and perhaps the

red color is another reason for the application of the name.

Closely "related to the Holocentridse are families known as Beeycid^, Monocen-

TEiD^, and Stephanobektcid^. The representatives of these families are mostly

deep-water fishes which rarely come under the observation of the ordinary traveler or

collector.

Next, we may briefly consider some of a long series of forms which are typified by

the common mackerel, and which have been kept together under the super-family

name SCOMBROIDEA. The representatives of this combination were first collected

together and segregated by Cuvier as a family designated Scomberoides, and were,

according to the great French naturalist, a multitude of fishes with small scales, a

smooth body, numerous caecal appendages often compacted together, and whose tail

and especially caudal fin are very powerful. The reasons given for the combination

are certainly not very satisfactory ; but that most (excluding several) of the types so

approximated are really closely related appeare to be clear, on comparison of the sev-

eral constituents ; and the proposition to intercalate them with other types, and scat-

ter them in widely distinct groups, seems to be a retrograde course. The unctious,

smooth body, imarmed scales, slender caudal peduncle, and powerful forked caudal

fin, are reinforced by features of development and structure. The preoperculum, for

instance, in very early youth, is armed with radiating spines, which are soon lost ; the

vertebrae and ribs have common characters, contrasting at least with those of the

forms with which they have been sometimes associated ; and develoisment of numer-

ous csBca, although perhaps of not much importance by itself, is a common feature,

whose generality (not constancy) is somewhat significant. Further, the caudal

peduncle, or base of the fin, is frequently strengthened by a longitudinal keel on the

side, and oblique ones above and below, either alone or together. Nevertheless a

good diagnosis of the group I'equires yet to be formulated. The group is still rather

the result of tact in appreciation than of scientific analysis.

Many of the Scombroidea are of economical value ; and one of the most important

of food fishes has given name to the super-family. Many, if not most, of the species

are pelagic, or inhabitants of the high seas ; and among them we find those fishes

which pre-eminently embody the idea of the fish form,— fusiform, with a powerful,

forked tail-fin, and with a pointed head, all qualifying them in a superlative degree for

rapid horizontal progression through the water.

Before reviewing the typical and specialized representatives of this great group, it

will be convenient to consider a form which has been almost always closely associated

with the CarangidsB, and which, in fact, does appear to be closely related, either as

nearer the primitive or as a derivative form. Reference is had to the notorious blue-

fish, the type and only known representative of a peculiar family, the Pomatomid^.

The body is oblong, fusiform in outline, but considerably compressed, covered with

scales arranged in oblique series, and with the lateral line running high up on the
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sides ; the head above is slightly curved, the jaws are armed with compressed and

trenchant teeth, but of rather small size, and the palate is toothless ; there are two

dorsal fins, one sustained by about eight weak spines, the second, as well as the anal,

long, and covered v/ith scales ; the tail is powerful, the fin deeply emarginated, and the

ventrals are thoracic and normal, having a spine and five rays each.

The blue-fish {Pomatomus saltatrix), as it is generally called, rejoices in many
other names according to locality or condition. Blue-fish is that by which it is known

to by far the greatest number of people, and especially in the Middle and New Eng-

land states, but in Rhode Island it is called horse-mackerel ; it is the tailor of the

Philadelphia, Baltimore, and Washington markets ; in parts of Virginia and North

Carolina it is known as green-fish ; and south of Cape Hatteras the name changes to

skipjack. The young in New England are often distinguished as snappers, blue snap-

pers, and snapping mackerel, and in the vicinity of New York also as snapping mack-

erel, as well as white-fish. Some of these names are quite suggestive of the appearance

or habits of the fish. Blue merging into greenish is the color ; the teeth, though small,

are sharp and lancet-like, and snip like a tailor's shears, and this peculiarity was also

taken as the basis of a happy generic name ( Temnodon or cutting-teeth), by Cuvier,

Fig. XV).—Pomatomus saltatrix, blue-flsli.

but, unfortunately, that name must be given up for the much earlier one Pomatomus ;

snapping describes the movements by which it takes its prey, and skip-jack alludes

both to its resemblance to the species of Caranx, and to the manner in which it often

skips through the water. The young are whitish, and have not yet obtained the

greenish-blue tints of maturity.

In size, individuals vary considerably. Those taken in the spring, as a rule, average

much smaller than those obtained in the fall. About four pounds each may be con-

sidered as the medium size for the spring individuals about New York, while those

occurring at the same time along the southern coast rarely exceed two or three

pounds in weight. The largest summer specimens in fact, according to Professor

Baird, are "those found farther to the eastward, where they are not unfrequently met

with weighing from ten to fifteen pounds, although this latter weight is quite unusual."

In the fall, however, the average size is much larger, and the schools that make their

appearance in October on the northern coasts embrace many individuals of from ten

to fifteen pounds, and it has been supposed by Professor Baird to be " not improbable

that the difference between the first-mentioned average and the last represents the in-

crease by their summer feeding." Much larger specimens than those indicated by

these figures may, however, occasionally be found, and, in the last century, individuals

appear to have been obtained weighing forty or fifty pounds in Vineyard Sound, and,

according to one old observer, Zaccheus Macy, " thirty of them would fill a barrel."
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Mr. Goode informs us that " a blue-fish weighing one pound measures about fourteen

inches ; two pounds, seventeen inches ; three pounds, twenty-one inches ; four pounds,

twenty-four inches ; five pounds, twenty-six inches, six pounds, twenty-six to twenty-

seven inches, and eight pounds, twenty-nine inches."

The blue-fish is j^rimarily a pelagic species, but is met with not so much in the high

seas as within comparatively narrow distances of the coast ; it is even prone to ascend

great rivers, as high as fresh water. It is quite erratic in its movements, being absent

in some years where it is abundant in others. Its distribution may, however, be said

to be almost coincident with the warmer temperate seas, although there are many un-

explained cases of absence. It extends along the entire eastern American coast, far

into the northern, as well as into the southern hemisjohere, and dwells in the Gulf of

Mexico and the Caribbean Sea, in the Mediten-anean, along the coast of South Africa,

around Madagascar, in the Malay Archipelago, and in the Australian seas. It has,

however, never been observed about Bermuda, and appears never to have ascended

along the European coasts to the isothermal equivalents of the American seas where

it abounds. No specimens have ever been recorded to have been obtained in Great

Britain. In the words of Mr. Goode, " it is not yet known what limits of temperature

are the most favoi-able to their welfare, but it would appear from the study of the

dates of their appearance during a period of years in connection with the ocean tem-

perature, that they prefer to avoid water which is much colder than 40 degrees," and

"their favorite summer haunts are in the partially protected waters of the middle

states, from May to October, with an average temperature of 60 to 75 degi-ees." As a

rule, where one is found, many may be, for it is a gregarious fish and many associate

together forming large schools.

The blue-fish, it is asserted, makes a regular migration along our coast, presenting

themselves later and later in the spring the farther they are found to the north, and

disappearing in the inverse order from the same regions in the autumn. They are

first noticed on " the Carolina coast as early as March and April, immense schools of

them, bound eastward, are seen off the coast of the Middle States, from the middle

of May to the middle of June, and in October similar bodies, perhaps embracing fewer

individuals, pass to the southward. It is possible, however, that in the autumn some

schools move well out to sea, and are therefore less hkely to be observed. They leave

the northern coast about the middle of October, and about the middle of November

appear in vast numbers off the coast of North Carolina," where a very extensive fish-

ery is prosecuted chiefly for the northern markets.

Few fishes— perhaps we almost might say none— are more rapacious and san-

guinary than the blue-fish. The United States Commissioner of Fisheries has espe-

cially dei^lored the ravages it commits upon other members of the finny class, and

the contemplation of its bloody career has provoked him to eloquent denunciation.

" There is," he says, " no parallel in point of destructiveness to the blue-fish among the

marine species on our coast, whatever may be the case among some of the carnivorous

fish of the South American waters. The blue-fish has been well likened to an anima-

ted chof)ping-machine, the business of which is to cut to pieces and otherwise destroy

as many fish as possible in a given space of time. All writers are unanimous in

regard to the destructiveness of the blue-fish. Going in large schools, in pursuit of

fish not much inferior to themselves in size, they move along like a pack of hungry

wolves, destroying everything before them. Their trail is marked by fragments of

fish and by the stain of blood in the sea, as, where the fish is too large to be swallowed
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entire, the hinder portion will be bitten off and the anterior part allowed to float

away or sink. It is even maintained, with great earnestness, that such is the gluttony

of the fish, that when the stomach becomes full, the contents are disgorged, and then

again filled. It is certain that it kills many more fish than it requires for its own
support."

Postulating that the blue-fish remains by the New England coast one hundred and

twenty days. Prof. Baird has estimated that, if each blue-fish, averaging five pounds,

devours or destroys even half its own weight of other fish per day (and he is " not

sure that the estimate of some witnesses of twice this weight is not more nearly

correct"), "we will have, during the same period, a daily loss of twenty-five hun-

dred million pounds, equal to three hundred thousand millions for the season."

Even this estimate takes account of "only three- or four-year-old fish, of at least

three to five pounds in weight. We must, however, allow for those of smaller size,

and a hundredfold or more in number, all engaged simultaneously in the butchery

referred to."

Almost all fishes inhabiting the same waters may serve as prey to the blue-fish.

" They appear," again to quote Prof. Baird, " to eat anything that swims, of suitable

size, fish of all kinds, but perhaps more especially the menhaden, which they seem to

follow along the coast, and which they attack with such ferocity as to drive them on

the shore, where they are sometimes piled up -in windrows to the depth of a foot or

more." But they do not confine themselves to fishes ; the squid appears likewise to

be a favorite source of food, and worms that swim in the sea have also been found in

large numbers in their stomachs.

The reproduction and early history of the blue-fish are still but partially known.

It is asserted that in the Florida waters, in May and June, when the blue-fish enter

the bays, mature females are found full of spawn. "With the larger fish the spawn

is nearly ripe, and with the small and intermediate sizes is found in nearly all stages."

According to Mr. Stearns, " the spawning season of the blue-fish in Florida includes

several months, apparently May, June, July, and August." It is claimed that the fish

spawns " in the bays, sounds, and bayous," and the young fry are found in July as

well as parts of June and August as short as a half to three quarters of an inch in

length. In November and December the smaller ones measure about three to five

inches in length, and those of intermediate size from ten to fifteen inches. The time

when they reach maturity is not known, but possibly it is three or four years. In the

north, spawning fishes are scarcely ever seen, but young fish about five inches long,

presumably those of the year, enter Vineyard Sound about the middle of August. By

the beginning of September they are six to seven inches long, and on their appearance

in the second year measure about twelve to fifteen inches in length, and thereafter in-

creaso in a still more rapid ratio. According to Prof. Baird, the fish which pass

eastward from Vineyard Sound in the spring, weighing five to seven pounds, are rep-

resented, according to general impression, by the ten to fifteen pound fish of the

autumn.

The blue-fish ranks as one of the most esteemed of the American food fishes, and

is, it has been claimed, surpassed in popular esteem only by the Spanish mackerel and

the pompano. It does not, however, keep very well, and there has been considerable

caprice manifested in the esteem and demand for it. It is even still considered, or

has been until lately, unfit for food in some ports of the south, and even in the

markets of the capital of the country, and Prof. Goode remarks that in Washington
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he has " frequently been stopped by fish-dealers who asked hun to assure their custom-

ers that blue-fish were eatable. They are growing into favor everywhere, however,

just as they did in Boston." In that city, according to Capt. Atwood, in 1865, but

very few were sold, and when he first went to Boston with a lot, he obtained only

two cents a pound, the second year he got two and a half c^nts, and the third three

cents.

But the blue-fish is also one of the most esteemed of sea game-fishes and still more

regarded by anglers for the sport which it furnishes than for the excellence of its flesh.

It is a custom for many, during the summei-, to take small vessels and sail along the

coast trolling for these fishes. The armature for that purpose generally consists of a

large hook with a wire leader and a long line let out by the hand alone. The hook is

provided usually with a metal squid, whose brightness appears to be very attractive to

the fish, for they rush in pursuit, snap at it, and are easily hooked. When one is

hooked it should be immediately hauled in and if the line is kept taut the fish is apt to

be thrown into the boat. Occasionally fish are also caught in certain places, from the

shore, by throwing a hook as far as can be done, and immediately afterwards hauling

it rapidly in again.

But excellent as the blue-fish is, both for esculent and game qualities, it is doubtful

whether its goodness in those respects compensates for the havoc it commits among
its co-inhabitants of the sea. Its ravages are sure to be felt in time, (we even now
feel them) and it is a proof of the wonderful fecundity of nature that recovery can be

and is so readily made after the murderous visitations of such hordes. A temporary

cessation of its incursions on the American coasts may supervene as on former occa-

sions and a " balance of power " for the natives of the sea be again established. Soon

may it be

!

Typical representatives of the Scombrioidea now demand our attention and the

great importance of some of the species will call for more consideration than can be

given to most other forms.

Caeangid^ is the family name for the fishes generally known as cavally or cre-

valle, jack, pompano, scad, etc. These exhibit considerable difference in form, some
being elongate fusiform, and others short, very much compressed, and high in the

back. But most have an oblong body, which is moderately compressed, and the back

and head more or less decurved. The- scales are very smooth and entire on the

borders ; the lateral line arched in front and straight behind ; there are two dorsal

fins, the first usually provided with seven or eight spines, but sometimes the fin is

atrophied ; the second dorsal is long ; the anal like the second dorsal, and generally

armed with three spines, the first two of which, however, are ordinarily detached to

form a separate finlet, although sometimes they are almost wanting, or not separated.

The species of this division are very numerous in the tropical seas, and, being great

swimmers, some of them have a very wide distribution. Several of the species are

of special interest on account of their economical importance, or the characters which
they exhibit.

The scad, Trachurus saurits, is a common species in Europe, and especially in the

Mediterranean, and is likewise, although rarely, found along the southern Atlantic

coast, as well as along the Pacific shores of America. It may be recognized at once

by the row of high transverse plates which arm the entire lateral line from the shoul-

ders to the caudal fins ; the outline is symmetrically fusiform. It is too small to be of

much economical value, although it is often used as a frying fish. It rarely reaches
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the length of a foot
;
generally it is found in large schools swimming near the surface

of the water, and its Dutch name is marsbanker. The original Dutch colonists of

New York saw a resemblance in the mode of schooling and action of the menhaden

and the marsbanker of their native country, and they applied to the American clu-

peid their name for the European fish, and thus was perpetuated in the United States

a Dutch name for a fish very unlike that which it originally designated.

Closely related to the common scad is the big-eyed scad, also more generally known

as the goggler, and goggle-eyed Jack — the Trachwops crumenopMhalmus of natu-

ralists. The very large prominent eyes are the most striking feature of the fish, and

enable it to be readily identified. In appearance and habits it is much like the com-

Fia. 111.— Trachurus saurus scad (Ijelow), and Scomber scombrus, mackerel (above).

mon scad of Europe, but the anterior portion of the lateral line is destitute of the

vertical jjlates characteristic of the true scad. The species has a wide distribution in

tropical seas and detachments occasionally ascend along the eastern coast of the

United States, northward to Massachusetts.

The genus Caranx is a large one, embracing species whose lateral line is armed

with elevated plates along its posterior portion, which have the front of the body

oblong and the upper outline of the head decurved, a distinct first dorsal fin, and no

dorsal or anal finlets. To this genus belong the common crevalle and horse crevalle

of the eastern American coast.

The most common American species of Caranx is the Caranx hippus. The

names by which it is mostly known are crevalle or cavalle, simply corruptions of the
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Spanish name, caballa (a horse), and were borrowed by the American colonists from

the prior Spanish settlers of Anierica ; horse crevalle is a tautological name, embody-

ing the same idea in English and Spanish. It has a boldly rounded forehead, and

twenty-one rays in the second dorsal. The average weight is estimated at about

twelve pounds, although individuals may reach a weight of twenty pounds, or even

more. Moderate sized or small fishes are best for the table ; the larger ones being

almost tasteless, and having dark flesh. It is a voracious fish, readily caught by troll-

ing with a baited hook, and is even attracted by a rag attached to the hook ; in some

places, when the fish come close in to the shore, the favorite mode of killing them is

shooting with a rifle.

Another species, closely related to the horse crevalle, is the Caranx pisquetus, but

it is more slender, and has about twenty-four rays in the second dorsal fin. This

species ranges farther to the north in abundance than any other of' the genus. It is

often called yellow mackerel (as about New York) or hard-tail.

Related to the preceding Carangidae, are species which have the body extremely

compressed and thin, and rising very high upward in the dorsal region, and which

have the frontal outline as well as the back quite trenchant or sharp. The first dor-

sal fin is quite small and the spines very weak. Two well-determined species of this

group wander to the American coast, and are noticed and prized by many persons on

account of their unusual form.

The Vomer setipinnis is oblong, the forehead very declivous, and the anterior rays

of the second and anal fins extend but little beyond the hinder ones ; the posterior

portion of the lateral line is covered with small plates. It is known as the blunt-

nosed shiner, moon-fish, and horse-fish, and when
young, sometimes as the dollar, fish. The young
are quite different in shape from the old, and have

a sub-rotund contour.

The Selene gallus is still more compressed

and thinner than the Vomer, and the foremost rays

of the hinder dorsal and anal become very long

and give a falciform outline to the fins ; the lateral

line has no plates and is unarmed. Various pop-

ular names have been given, some of which are

quite happy as descriptive epithets; such are,

riG.ii2.-Ko)n<irse«ij)m«Js, moon-fish, doiiar-flsh. moon-fish, alluding to the silvery sheen of its

body; look-down, recalling the high position of the eyes, and horsehead, or horse-fish,

referring to the upward position of the eyes, and the consequently long extension in

front, characteristic of both the equine animal and the Selene. As may be noticed,

some of the same names have been applied to Selene as to Vomer.

The pompanos, or at least the one that is properly entitled to the name, also be-

long to the family Carangidse, and constitute the genus Trachynotics. This genus

may be distinguished by the more or less rhomboid form, the blunt nose, the reduc-

tion of the first dorsal fin to a few short spines unconnected by membrane, the elon-

gated anterior rays of the second dorsal and anal fins, and the absence of any plates

along the lateral line. The chief of the pompanos is the Trachynotus carolinv.s,

although several other species arc found .ilong the coast. About Charleston it is

known as the crevalle, and the true crevalle
(
Caranx hippos) is there designated as the

horse-crevalle. The ordinary range of the pompano is northward to the coast of
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South Carolirica, and it occurs occasionally nearly as far north as Cape Cod, a number
of specimens having been obtained at Woods' Holl ; but it is chiefly young that have
been seen north, the old being very sparingly represented. On the Gulf coast it is

quite common, and is considered to be the choicest fish of the sea ; a great commercial

demand exists for it, which is fully supplied for only a few weeks in the year— in the

spring and early summer. Along Florida, in the southern part, it is found through-

out the year; but in the northern part it arrives on the coast in spring, and goes

awa,y from it in the fall. The movements of the fish are from the eastward, and they

swim as near to the shore as the state of the water will permit ; very seldom at the

surface so as to ripple or break the water, although sometimes, while playing in shal-

low water, they will jump into the air. Its food seems to consist mainly of small

shell-fish, which are supposed to be crushed between the pharyngeal bones. At Key
West the pompano is caught in considerable numbers by hook and line.

The pompanos manifest great differences according to age. The old form has

already been adverted to, especially in reference to the short spines unconnected by
membrane, and the anterior rays of the dorsal and anal fins. In this condition, when
very old, they are destitute of teeth in the jaws, and even on the pharyngeal bones.

When they are very young, and of minute size, the spines of the first dorsal are well

developed, and connected to form a true fin ; the anterior rays of the second dorsal

and anal are comparatively short ; the teeth are developed in the jaws and pharyn-

geal bones, and the preoperculum is armed with several radiating spines. As the fish

gi"ows in size, first the preopercular spines are lost, then the membrane between the

dorsal spines becomes reduced, and finally atrophied ; meanwhile the dorsal and anal

rays in front become elongated, and lastly the teeth are lost from the jaws and pha-

ryngeal bones. The different stages of growth represented by these two extremes,

and the intermediate ones, have given rise to several nominal genera.

The celebrated pilot-fish, JVaucrates ductor, represents another group of Caran-

gidse, and is distinguished by its handsome and symmeti-ical fusiform shape, the de-

velopment of about four spines unconnected by membrane, in place of a dorsal fin,

and the existence of transverse black bars on a bluish ground. The species is almost

cosmopolitan in distribution, but as a jDclagic species, for it rarely comes close in

shore. It does not often attain the length of much above a foot. The name of pilot-

fish is derived from a supposed relation to sharks, with one of which it is generally

found in company. According to Dr. Meyer, the pilot swims constantly in front of

the shark, and he saw several instances in which the shark was led by its small com-

panion. " When the sea^angel neared the ship, the pilot swam close to the snout, or

near one of the breast fins of the animal. Sometimes he darted rapidly forwards

or sidewards, as if looking for something, and constantly went back again to the

shai-k." On another occasion, when a large hook, baited with a piece of bacon, was

thrown overboard, the " shark was about twenty paces from the ship. With the quick-

ness of lightning the pilot came up, smelt at the dainty, and instantly swam back

again to the shark, swimming many times round his snout, and splashing, as if to give

him exact information as to the bacon. The shark now began to put himself in mo-

tion, the pilot showing him the way, and in a moment he' was fast upon the hook."

On a later occasion, two pilots were observed in assiduous attention on a blue shark.

" It seems probable that the pilot feeds on the shark's excrements, keeps his company

for that purpose, and directs his operations solely from this selfish view."

Like the pompano, the pilot-fish exhibits considerable variations with age ; when
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extremely young, preopercular spines and a dorsal fin are developed ; this stage has

been described as a peculiar generic type, under the name jy^aiiclerus ; these spines,

however, are soon lost. In extreme old age, the black bands are lost, and the fish is

then nearly uniform in color.

Nearly related to the pilot-fish are certain forms which are known under the name

of amber-fishes, rudder-fishes, and madregals. These belong to the genus iSeriola.

In form and coloration they essentially resemble the pilot-fish ; but the spinous dorsal

fin is always developed, and has generally seven spines. One species of the genus, the

Seriola dorsalis, occurs along the southern Californian coast, and reaches a length of

four or five feet, and a weight of from thirty to forty pounds. It is highly esteemed

when fresh, but more especially when of moderate size, for large individuals are quite

coarse and tough. It is also prized when salted and dried, and as a cured fish is con-

sidered to be inferior to none put up on the Pacific coast. It is chiefly caught by

trolling. Several species occur on the Atlantic coast.

The name dolphin, formerly associated with the cetaceous mammals now better

known as porpoises, has been transposed by our modern sailors to fishes related to the

Fig. 113.

—

Naucrates ductor, pilot-fish.

mackerels, and the forms so known belong to a peculiar family named Coryph^nid^.
These have a rather peculiar form, being largest and highest at the head, and thence

quite regularly diminishing to the slender tail. The back has a single fin extending

from tlie nape behindwards, and only the foremost rays are spinous. The caudal fin is

large and powerful, furcate, and running out into pointed lobes. The ventrals are

thoracic, or somewhat anterior. The adult males, at least, have a very prominent

forehead. The species exhibits brilliant, iridescent colors when first caught ; and the

changes in hue manifested by a dying fish have been celebrated by naturalists

and poets. The species are quite large, reaching several feet in length, and are

chiefly inhabitants of the open seas. They are often caught by the sailors in mid-

ocean, and are generally excellent as food ; their flesh is, however, liable to become

poisonous under certain circumstances, and, according to Mr. Goode, " It is an almost

universal custom before eating them to test the flesh by putting a piece of silver into

the vessel in which they have been cooked, it being a common belief that, if the fish is

poisonous, the silver will turn dark." The number of the species is uncertain ; but
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two, the GoryphoBua equisetis and Coryphcena hippurus, occur occasionally along the
eastern coasts of the United States.

Certain fishes forming the family Steomateid^ have been generally placed next
to the Coryphsenidse and the Carangidae, although in fact they are not very closely

related. The species of Stromateids vary in form, but the typical ones are longitudi-

nally oval or pyriform in shape ; they have a single long dorsal fin, with a few spines

in front. The ventrals are generally under the bases of the pectoral, but in the prin-

cipal forms they become more or less atrophied, or even lost entirely, in the adults.

The chief character is the development of the rakers on the last branchial arch ; these

become more or less sac-like in appearance, and extend backwards into the cesophagus.

One of the principal members of the family is the species known in Massachusetts

and New York as the butter-fish, in New Jersey as the harvest-fish, and in Maine as

the dollar-fish. Its scientific name is Stromateus (or Poronotus) triacanthus. The
name butter-fish is given in allusion to the smooth surface reminding one of the feel

of butter ; harvest-fish alludes to the time of its approach to the coast ; and dollar-fish

has reference to the roundish form and silvery hue. It is moderately esteemed as a

food fish, and resembles mackerel in taste, but is less oily.

Along the Californian coast, a species related to the butter-fish of the east is found,

and has been named Stromateus simillimus. In the San Francisco market it is

known as the pompano, although it belongs to a different family from the true pom-
pano of the east coast. It is very highly esteemed.

Another of the StromateidfB worthy of mention is a species known as rudder-fish,

log-fish, and barrel-fish ; the scientific name is Lirus perciformis. This species is

more oblong than the ones just described, and is of a blackish color. The preopercu-

lum is radiatedly festooned around the margin,, and the spines of the dorsal fins are

well marked and set off, indeed, as a distinct portion of the fin. In the words of Mr.

Goode, "the habits are peculiar in the extreme. They are most always found in the

vicinity of floating barrels and spars, and sometimes inside of the barrels. Hence the

fishermen call them barrel-fish, though the most usual name is rudder-fish. The last

name has been evidently given by the sailors, because they are often found swimming

about the sterns of the becalmed vessels. The fish attains a length of ten or twelve

inches, and its flesh is quite savory."

Passing by other fishes of little or no economical importance, we reach the family

of the ScoMBEiD^, or mackerels. The shape of all the species is fusiform, or more or

less elongated ; there is an independent spinous dorsal fin which is generally well

developed and about as long as the second ; but sometimes, as in the common mackerels,

it is short; there is then a long interspace between it and the second fin; the last

rays of the latter are almost always separated and developed as so many finlets.

The anal fin answers to the second dorsal, and has also its last rays detached as finlets

in the same way as the opposite fin. The upper jaw is connected with the main pai-t

of the head above by a continuous skin, and the maxillary bones fit in neatly on the

sides, as if the skin and flesh had been cut out especially for their reception. The

vertebrae are more numerous than in any of the preceding forms.

The true mackerels, constituting the genus Scomber, have the first dorsal short,

distended by only nine to twelve spines, and very remote from the second ; there are

five finlets above and below ; the vomer and palatines have small teeth, and the corse-

let is feebly developed or wanting. Three representatives of this genus are found in

the northern Atlantic, and occur more or less frequently on the coasts of America.
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The common mackerel of commerce, Scomber scomhrus, is destitute of an air-

bladder, and the ujjper surface of the head is almost uniformly dark and destitute of

any transparent area ; the scales are all minute, and no corselet is developed ; and the

first dorsal has normally twelve spines ; the color above is a lustrous dark blue, trav-

ersed by about thirty-five undulating blackish bands or streaks, and below it is silvery;

the pectorals are dark at the base. The great importance of this fish justifies a more
detailed consideration than we have been able to give to other species, and for our

information we will be largely indebted to recent rej)orts by Goode, Collins, and Earle,

from which we will take freely, with as little change of language as is necessary.

Mackerel, when well grown, are about seventeen or eighteen inches long, although

sometimes they attain a larger size, pei-haps nineteen or nineteen and a half inches

long, or, vei-y rarely, even

somewhat more. The
size varies however. A
'number one' mackerel,

according to the Massa-

chusetts inspection laws,

measures thirteen inches

from the tip of the snout

FIG. 114.— Scomter scomftnis, mackerel. tO the end of the Caudal

fin .
" The average lengtli

from year to year, for the whole coast, is probably not far from twelve inches," with a

weight of twelve to sixteen ounces.

In the American seas, the range of the mackerel extends from the neighborhood

of Cape Hatteras, northward to Labrador and Newfoundland. In the early spring,

as well as in the late summer and fall months, they may be found in the latitude of

North Carolina, while in the summer months they abound off the coasts of the middle

states and Now England, and especially in the Gulf of St. Lawrence. They may be

also found on the coast of Labrador, though there is no evidence that they ordinarily

frequent the waters north of the Strait of Belle Isle, and it has been asserted that they

visit northern Labrador only in seasons remarkable for the prevalence of westerly

winds, and that in others they do not go so far northward. They neither visit Hud-
son Bay nor the coast of Greenland. On the eastern side of the Atlantic the

species inhabits the entire length of the Norwegian coast, from the North Cape to

Christiania Fjord, and it also occurs on the south coast of Sweden, in the Baltic, the

German Ocean, and the English Channel, as well as almost everywhere round the

British Islands, and southward to the Mediterranean, where it abounds, especially in

the Adriatic Gulf. In short, the mackerel must be considered as a fish not addicted

to wide wanderings in the ocean and with a normal range, limited in the western

Atlantic between latitudes 35° and 56°, and in the eastern Atlantic between 36° and

71°. The species is, however, quite erratic in its appearance along the coast, and its

movements aj)pear to be determined by both temperature and food
;
primarily by

temperature, and secondarily by the animals constituting its food, but, inasmuch as

the distribution of the latter is determined chiefly by temperature, the factor is really

mainly thermometric.

The migrations of the mackerel, according to Mr. Goode, are believed to be car-

ried on in connection with another kind of migration, which he calls " bathic migra-

tion," and which consists in " a movement, at the approach of cold weather, into the
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deeper waters of the ocean." Schools appear in the spring, and remain till fall, and
" their presence is nearly synchronous with the time when the water temperatures of

the harbor have reached a weekly average of 45 degrees." The " harbor temperatures

are several degrees— it is not known exactly how many— higher than those of the

open ocean at the same latitude." Mackerel " remain active and contented in a tem-

perature of 40 degrees, or even less," and there are well-recorded instances where

fishes have been taken " not only on the New England coast, but also in the Gulf of

St. Lawrence, in mid-winter."

The principal food of the mackerel consists of such small crustaceans as abound

everywhere in the sea, and the movements of the fish are determined to a large degree

by theirs. " They also feed upon the spawn of other fishes, and upon the spawn of

lobsters," and even prey greedily upon the young of other kinds of fishes, as well

as upon pteropods, and jelly-fishes ; indeed the Gaspe fishermen call jelly-fishes

" mackerel bait." In short, they are — as the greed with which they feed upon the

minced menhaden bait evinces— not at all dainty in their diet, and will swallow with-

out hesitation almost any kind of floating organic matter. Cannibalism has also been

charged against them, and young mackerel three or four inches long have been

repeatedly found in the stomachs of full-grown individuals, but this, it has been ob-

served, is generally noticeable only in the fall, and the young fish are probably those

which have been hatched in the spring. The nature of the food is of some conse-

quence to the fishermen. Among the crustaceans are certain species which are known
to the fishermen as 'red-seed' and 'cayenne.' The so-called red-seed exercises a dele-

terious effect on the fiesh of the fish, and the fishermen have great trouble in keeping

fishes, which have indulged in such food, successfully, and dressing them properly,

for their bellies soften at once. It is said by Dr. Robert Brown to be of " special im-

portance to notice that very many, if not all, of these free-swimming creatures in the

sea, from invisible microscopic forms to the largest shrimp, sink to different zones

of water, or rise to the surface, with the variations in temperature and changes in the

direction and force of the wind. In fine weather, when the food is at the surface,

the mackerel, the herring, and other surface-feeders, with eager, staring eyes, and

mouth distended to entrap the floating prey, swim open-mouthed against the wind.

Mackei'el, when feeding in large schools, remind one of a swiftly moving ripple on

the water."

The reproductive process of the mackerel is of interest. It has been ascertained,

as a result of reliable observation among the fishermen of our coast and the coasts of

the British Provinces, that spawning takes place in rather deep water all along the

shore from the eastern end of Long Island to Eastport, Maine, and along the coast of

Nova Scotia. The spawning season occurs in May in southern New England, in May
and June in Massachusetts Bay, and in June in the Gulf of St. Lawrence, and on

the Bradley Banks and along the Magdalens early in the month, and, according to

Hind, on the north-east coast of Newfoundland toward the end of the month. "The
ova are shed in mid-water, and, after fecundation by the spermatozoa from the milt of.

the male, are carried to the surface of the ocean, where they are soon hatched. The

growth of the new-born young fish is rapid, and in about seven weeks, it is said, the

young fish are some four or five inches long. In the middle or latter part of the fall

they are six to seven inches long, and are then sometimes called ' spikes
;

' the next

year, when about a year old, they are known as 'blinks;' the following year, when

two years old, they are 'tinkers.' A year after, being then three years old, they

VOL. III. — 13
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return coastward as the ' second size.' It is probable that the fish reaches its full

maturity in four years."

No notice of the mackerel— prime in importance as it is among economical fishes—
would be justifiable without some reference to its economical history. Volumes have

been written on this subject, but the present account must be condensed within the

briefest limits, and be confined chiefly to the American fisheries. In olden times

mackerel were fished for wherever they could be conveniently found, and chiefly with

hook arid line, but it has for a long time been the subject of a highly specialized fish-

ery, employing a large number of vessels and men. The American fishing grounds

at present extend from off Cape Hatteras northward to the ordinary range of the

species. In the spring, the raid against the fishes commences between the capes of

the Chesapeake and the south shoal of Nantucket, and is prosecuted chiefly by the

seiners. The fishes are first seen from twenty to fifty miles from land, and thence

gradually advance northwards, and toward the shore, and near the New Jersey coast

and Long Island they have approached to A\ithin one or two miles of the land.

" During the summer and fall months, the principal seining ground for mackerel is in

the Gulf of Maine, from the Bay of Fundy to Cnpe Cod ; the immediate vicinity of

Mount Desert Rock, Matinicus, Monhegan Island, Cape Elizabeth, Boon Island, and

Massachusetts Bay being the favorite localities." The principal ones frequented by
the mackerel hookers, or those who confine themselves to hook and line, are the

Gulf of Saint Lawrence, the Gulf of Maine, George's Bank, the south coast of New
England, the coast of the middle states from Montauk Point to Delaware, and the

eastern coast of Nova Scotia. The apparatus and capital engaged in this fishery is

for the most part contributed by the states of Massachusetts and Maine, the quotas

furnished by others being comparatively insignificant. B}' the census of 1880 it

appears that 468 vessels, with a tonnage of 23,551.64 tons, and of the Aalue of 11,027,-

910, were employed in the American fisheries. The number of men engaged was

5,043, and the value of the gear and outfit was $1,084,450. Of this considerably

more than half in tonnage, men, and capital invested was engaged exclusively in the

mackerel fishery ; but the rest were also used in other fisheries. Of this outfit, Massa-

chusetts contributed a quota of 277 vessels of 16,674 tons, manned by 3,492 men, and
Maine supplied 176 vessels of 6,122 tons, manned by 1,402 persons, while from New
Hampshire 13 vessels set sail, and from Connecticut only 2. The value of the catch

obtained by this fleet was $2,606,584, representing 111,399,855 pounds of round mack-
erel taken, of which 103,142,400 pounds were used for pickling, 4,957,455 pounds
for canning, 1,100,000 pounds for fresh fish, 1,100,000 pounds for bait, and 500,000

pounds for fertilizers.

The vessels used in the fishery haAe been greatly modified, especially within

the last thirty or forty years. Before the middle of the present century they

were almost exclusively "square-stern schooners of from 25 to 80 or 90 tons,"

and "pinkies of from 20 to 60 tons;" most of them carried a flying jib. About
or shortly before the commencement of the present half of the century, how-
ever, vessels better adapted, both for speed and the accommodation and care of

the fish, were introduced, and were at first known as 'sharp-shooters.' "As early

as 1855 the character of the fleet had become very much modified, there being

a large percentage of modern-built vessels, and the pinkies and square-stern

schooners were retained only by conservatives and by the smaller' ports, espeeiallv

those on the coast of Maine." "Even as early as 1870, the old square-stern
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vessels and pinkies had entirely disappeared from the fleet, most of them long

before that date."

The accessories to the vessel are seine-boats with their fittings and the seines.

Two kinds of seines are used, (1) a large one only employed in connection with the

largest seine boats, and (2) a small one. The large seine varies from 190 to 225

fathoms in length by 20 to 25 fathoms in depth, when it is hung, being deeper in the

centre of the bank than at the extreme wings. The cork line has "two or three sizes

of corks, the largest being placed over the baiting piece, the smallest generally at the

end of the wings ;

" the lead line is " as in the ordinary seine, and is weighted with

sinkers about two ounces in weight, which are attached to it at intervals varying

from a few inches to several feet." When not in use, "the seine is stowed on a

grating forward of the house and behind the hatch. The small seine differs from the

lai-ge one in having a length of only 150 to 175 fathoms and a depth of 10 to 12 ; it is

used " in shallow water, and those vessels which have gone to the Gulf of St. Law-

rence for the purpose of catching mackerel by this method generally carried them."

Many of the large schooners carry both kinds of seines, " whether they have two seine

boats or not, since the deep seine cannot be used on rocky bottoms in shallow water."

The mackerel-hookers employ the so-called mackerel jig, mackerel fly-hook, mack-

erel gaff, and mackerel bob or bobber, and carry the necessary bait to attract the fish,

and furnish the apparatus. A favorite way of baiting mackerel hooks is to take

several thin strips from the belly or lower side of a mackerel, and cut the:n into

sections about a half an inch square. " A large number of these pieces are p)ut on the

hook, completely filling the bend, after which the baits are scraped with the back of a

knife, in such a manner as to remove everything but the tough white skin which,

when distended in the water, forms a soft pulpy mass about the size of one's fore-

finger ; but this can be contracted into a very small space, and thus afford the eager

fish ample opportunity to secure a good hold of the hook while seeking the tempting,

but yielding morsel upon it. A bait of this kind will last more than an hour without

being renewed, even when mackerel ai-e biting sharply."

The seiners, as well as hookers, carry bait, and the favorite one is " slivered and

salted menhaden, of which each vessel usually carries five to ten barrels. Many, if

not all of the vessels, however, at the present time, depend entirely upon small mack-

erel, which they catch and salt. The bait-mill, bait-boxes, and bait-throwers are simi-

lar to those used in the mackerel fishery, and are used in the same manner." This

bait is chiefly employed in tolling the fish to the surface and, incidentally, catching

them with jigs when they are not schooling. " Sometimes they toll the fish alongside

and spread the seine around the vessel, and as she drifts over the cork rope and away
to leeward the net is pursed up and the fish captured. It is often the case, too, where

mackerel are moving rapidly, for the men in the dory to throw bait ahead of the

school, and while the fish are thus induced to stop, the seine-boat circles around them,

the net is thrown, and while yet engaged in feeding, the fish are enclosed in the big

purse." One indispensable item of the furniture of a mackerel vessel remains to be

mentioned, that is, the barrels to receive the fish when caught.

Doubtless much of the attraction to the men engaged in the mackerel fishery is the

excitement and sport experienced in their encounters with the fish. In the words of

Messrs. Goode and Collins, " the excitement among the crew, when the mackerel are

biting fast, can hardly be described. When the fishing begins, the drumming of the

mackerel in the empty barrels is inexpressibly cheering to the fishermen, especially if
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they have been unsuccessfully hunting for fish on previous days, and adds to their excite-

ment. This sound ceases as the barrels begin to fill up, the resonance of the wood being

deadened by the accumulation of fish ; it is, however, from time to time renewed, as

empty barrels are substituted for those which have been filled. Every man is striving to

the top of his bent to catch as many mackerel as possible while the ' spurt ' continues, and,

if possible, to catch a larger share than any of his comrades. The emulation to be ' high-

line ' for the day and for the season is extreme. The number of barrels caught by
each man is carefully noted, for upon his relative success depends his proportion of the

proceeds of the voyage, and his reputation as a fisherman. In a single day a high-line

fisherman has caught from ten to fifteen barrels, and since each barrel contains from

150 to 200 mackerel, the rapidity of the men's movements throughout the day may be

estimated. In seven or eight hours' fishing he has probably lifted over the side 2,000

to 3,000 fish, to say nothing of throwing over his jig and bringing it back empty

almost as many times more. Such cases as this are exceptional, since mackerel rarely

continue biting long enough to allow such a number to be taken. At the same time,

when a much smaller number is caught, the activity of the fishermen is something to

be wondered at. The confusion and excitement is increased by the frequent snarling

of the lines and the attempts to straighten them out again." " Each expert fisherman

has ten or twelve lines in his berth, and changes from one to the other according to

the rapidity with which the fish are biting, or the strength of the wind. Much expe-

rience and skill are necessary to enable the fishermen to make these changes under-

standingly. Little is said while the fishing is going on ; the men lean far over the rail

in strange attitudes of expectanc}', with one or two lines in each hand, the hands mov-

ing up and down and constantly hauling in or throwing out one of the lines at a time.

When it is necessary to haul in one of the lines, the others are allowed to drop upon

the rail."

Now and then, gentlemen of leisure with piscatorial leanings, attracted by the

tales of the pleasure and excitement of mackerel fishing, ship for a voyage, and for

the first few minutes may delight in the glories of successful angling, but such crowd-

ing to be caught as has been just described has not been experienced by the ordinary

angler. Fatigued arms and maimed hands soon compel the novice to desist from

what has ceased to be a pleasure and become an onerous task. The hardening pro-

cess of much manual labor must fit the apprentice to endure the strain of active

mackerel-fishing.

After the catch comes the care and cure of the fish. The men engaged in dress-

ing are divided into gangs, each of which is usually composed of three men. Each

gang has two wooden trays, about three feet square, and six to eight inches deep, and

these are placed on the tops of barrels. One of these trays is the " gib-tub " or " gib-

keeler," and the other the " splitting-tub " or " splitting-keeler," of the mackerel men's

nomenclature. " Except on the seiners, the mackerel when caught, are put into bar-

rels, and the splitting is done upon a board laid aci'oss the top of the barrel, rather than

in a ' splitting-tub.' One man of each gang splits, the other two gib, or eviscerate

the fish. The tub of the man who splits, of course, contains the fish to be split.

With a scoop-net, the splitter, or one of the 'gibbers,' from time to time, fills the

splitting-tub from the piles of mackerel lying upon the deck. On the side of the

splitting-tray, next to the ' gibbers,' is a board about six to ten inches wide, called

a 'splitting-board,' on which the splitter places the fish." As he cuts them open, "he

takes them in his left hand (on which he has a mitten) round the centre of the body,
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head from him, and, with the splitting-lcnife, splits them down the centre of the back.

As fast as he splits the fish, he tosses them into the tray of the 'gibbers.' The 'gib-

bers ' protect their hands with gloves or mittens. As fast as the ' gibbers ' remove the

viscera, with a peculiar double motion of the thumb and fingers of the right hand,

they throw the fish into barrels, which are partially filled with water ; these are called

' wash-barrels.' If the men have time, they ' plow ' the fish before salting them,

making a gash in the abdominal cavity, nearly to the skin, with the peculiar knife, ' the

plow,' provided for the purpose. Before the fish are salted, the dirty water is poured

out, and clean water is added. About one barrel of salt is used for every four barrels

of mackerel. This is the first salting. When the fish have been salted, they are

placed in unheaded barrels, until the weather is unfit for fishing, or the deck is filled

with them, when they are carefully heaped up, and stowed away below."

Later, the fishes are graded. The details of this selection vary in the different

states, but in Massachusetts there are five qualities which are called Nos. 1, 2, 3

large, 3, and 4, commencing with the best, and grading downwards. Grade " Number
One " is reserved for mackerel of the best quality, and must be unmutilated, free from

rust, taint or other damage, and not less than thirteen inches in length, from the snout

to the fork or crotch of the tail ; " Number Two " are likewise free from damage, and

measure not less than eleven inches in length ;
" Number Three large " is composed of

those that remain, if free from taint or damage, which measure not less than thirteen

inches in length ;
" Number Three," also undamaged, must be not less than ten inches

long ;
" Number Four " includes all other mackerel free from taint or damage. In

addition to these regular grades, required by the law, dealers are accustomed to resort

the legal- grades into other combinations, " Extra One," " Extra Two," and "Mess
mackerel." " Mess mackerel are made from any grade, but principally from numbers

Two and One fish, free from the heads and tails, and with the blood scraped off."

We must now hasten to the consideration of other members of this interesting

family.

Two other species of mackerel occur, but much less abundantly, along the eastern

coast. They are nearly related to each other, and contrast with the commercial

mackerel in the possession of several characters in common ; an air-bladder is present,

and moderately well developed ; the head, above, has a large conspicuous area, trans-

parent in life, but which, in alcohol, assumes a whitish ajjpearanoe ; the scales about

the pectoral fin are enlarged, and form a sort of corselet, and the dorsal spines are

reduced in number to nine, or, rarely, ten. /Scomber pneumatophorus and Scomber

colias are the scientific names whicli have been given to the two species of this sec-

tion. They have been confounded under the popular names chub-mackerel, tinker-

mackerel, easter-mackerel, &c., and frequently they may be mistaken for the common
mackerel. The Scomber pneumatophorus has the sides below sih'ery, and destitute

of spots. The Scomber colias has the sides below marked by very numerous, roundish

or oblong, dusky olive blotches.

The Scomber colias, in addition to the names just mentioned, rejoices in several

others, such as big-eyed mackerel, and bull iiinckerel ; from Scomber scombrus it is

readily distinguishable by the row of roundish or sub-circular spots upon the sides,

below the lateral line, and it is considerably smaller than the commercial species. It

is very erratic in its movements, at some periods coming upon the American coasts in

immense numbers, and then again it may be entirely absent for years.

Frigate-mackerel is a popular name, borrowed from the Bermudians, that has been
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given to a scombrid, intermediate to some extent between the true mackerels,

Scomber, and the bonitos. The body is much stouter, but the spinous dorsal is short

and distant from the second as in Scomber/ the pinnules are more numerous, there

being eight above and seven below ; the teeth are very small, and the vomer and

palatines are destitute of any ; the corselet is much more developed than in Scomber;

the back is blue, and the belly silvery. The species attain a size of from about twelve

to sixteen inches, and a weight of three quarters of a pound to a pound and a half or

more. Auxis thazard is the scientific name of this species.

Its range is chiefly in the tropical Atlantic, but it is quite erratic in its movements,

and frequently ascends far northward. It is only within a few years, "however, that

it has been observed along the eastern coast of the United States. They associate

together in large schools,— sometimes in immense numbers,— and, in the words of

one very practical observer, as many as one thousand barrels would be obtainable from

a school. There are, it is to be added, about eighty to one hundred to a barrel. It

was noticed, on one occasion, that a day after the appearance of this fish, the common
mackerel disappeared, but, whether the latter were driven away by them, or not,

was not determined. They feed on the so-called mackerel food. " They are very

easy to catch, flip like menhaden, do not rush, and are not frightened at the seine."

The value as a food fish is not great, for the flesh behind the gills is black and rank,

although in the posterior part of the body it is white, and " the meat near the back-

bone is said to be of disagreeable sour flavor." It is therefore much inferior to the

mackerel or bonitos. There is, indeed, in the words of Mr. Goode, little probability

that " its advent will be of any special importance from an economical point of view,

for its oil does not seem to be very abundant, and it will hardly pay, at present, to

capture it solely for the purpose of using its flesh in the manufacture of fertilizers."

The bonito of the American markets, or the belted bonito of others, Sarda medi-

terranean has a very robust fusiform body, a long spinous dorsal with about twenty-

one spines, eight pinnules above and seven below, largish compressed teeth in the jaws

and palatines, toothless vomer, and a good corselet. The color is a dark steel-blue above,

silvery below, and, what is characteristic, there are dark stripes running obliquely

downwards and forwards. It is a common pelagic fish, and approaches the coasts of

both sides of the Atlantic in summer. As a food fish it is of little value.

We may now consider one of the most important of economical fishes as well

as the largest of all fishes, the tunny, Orcymis thynnus. The contour is fusiform

and full ; its spinous dorsal fin is long and armed with twelve to fifteen spines, which

gradually decrease in length backwards ; the second dorsal and anal are rather short

and high, and behind each are eight to ten finlets ; a very distinct corselet is developed,

and the body behind has smaller scales ; and palatines as well as vomer have small

crowded teeth. In addition to these general characters, the pectorals are rather short

and do not extend beyond the end of the spinous dorsal, and the color is dark blue

above and grayish below, with silvery spots. While tunny is the commercial name,

and that by which it is generally known in the books, it is called by various other

names, and is the horse mackerel of the Massachusetts coast.

As has been just mentioned, it is the largest of the bony fishes. It has been asserted

by an Italian naturalist, Cetti, that it occasionally attains a weight of fifteen hundred

pounds, and in America, according to Prof. Goode, its weight is not unfrequently

twelve to fifteen hundred pounds. Such a size as the maximum, however, is extremely

unusual. la the Mediterranean, where systematic fisheries are established, a fish of five



FISHES. im

hundred pounds is considered a very large one and two hundred pounds is about the

average. One specimen taken in 1858 ofE Cape Ann measured, accordmg to L»r.

Storer, fifteen feet in length, and weighed one thousand pounds, and m 1878, Oapt.

Henry Webb, off Milk Island, Gloucester harbor, killed thirty of these monsters, weigh-

ing in the aggregate at least thirty thousand pounds. But according to Capt. Atwood

the average size is about eight feet in length, and this, on the basis of the ratio

of len<rth to weight recorded by Dr. Storer, would give only about one hundred

and fifty pounds weight or little more. These data of length and weight require

revision. . , ,

The tunny ranges in the warm temperate Atlantic zone, and is common to both

sides of the ocean. It is especially abundant in the Mediterranean, and ascends along

the coast of Europe sparingly to the Lofoden Islands in latitude 69", while in the west.

em Atlantic, along the shores of America, it may be seen as far north as the Gulf ot

St. Lawrence and Newfoundland in the summer.

Mr. Goode informs Us that, although abundant at some seasons of the year ott par-

ticular parts of the coast, it is not a familiar form to our writers. It is a summer fish.

Fig. 113.— Orcynus thynnus, tunny, liorse-maokerel.

and makes its first appearance on our shores, about .Provincetown, early in June, and

remains until October; of late years it has been increasing in abundance northward,

becoming more and more common, during the summer season, about Newfoundland.

The tunny, gifted with surprising strength and power of swimmmg, is a formidable

foe to other fishes, and has been denounced as an enemy of all kinds. It has been seen

to swallow small sharks, such as the dog-fish, weighing about eight pounds, and when dog-

fishes, caught for the liver, have been eviscerated and thrown back, the tunnies would

immediately catch and eat them. It is also the well-known enemy of the dolphm, as

well as of the favorite prey of the latter, the flying-fishes.
_ _

The flesh of the tunny is dark, and not attractive to the eye, and yet it is not only

wholesome, but is much esteemed in southern Europe, although held _m very slight

favor, or even in disfavor, in the United States. In America, in fact, it is scarcely ever

eaten fresh, and it is only caught for the oil which it furnishes. A large fish may yield

as much as twenty-three gallons of oil, although the average is much less. But,
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although the fresh fish is rarely used in the United States, the fish canned is imported

from Mediterranean ports.

In the waters of the United States, the tunny is chiefly caught by harpooning, and

is rarely cajjtured in nets. Indeed, special nets have to be provided for it, as, on ac-

count of its form and vigor, it readily breaks through ordinary ones. Capt. Atwood
has told us that " when they strike a net, they go right through it, and when they go

through, the hole immediately becomes round, but the fishermen do not dread them

much, because they do the net so little injury, for the hole that they cut can be mend-

ed in about five minutes." In the Mediterranean, however, special nets are provided,

and the tunny is the object of a fishery of prime importance. One mode of cap-

turing them has been described in a very graphic manner by Professor Quatrefages,

and a transcript of his account will doubtless be welcome.
" The most formidable means devised for capturing this unfortunate fish is undoubt-

edly the madrague, which is said to have been first employed by the inhabitants of

Martigues. . . . The madrague is an actual park, with its walks and alleys all termi-

nating in ,1 vast labyrinth, composed of chambers which open into one another, and

all of which lead to the chamber of death, or the corpon, which is situated at the ex-

tremity of the structure. This vast enclosure, the walls of which sometimes extend

upwards of three miles, is both secured and raised bj^ means of immense lines and

nets weighted with stones, supported by cork buoys, and secured with anchors in such

a manner as to resist the most violent storms to which it would be exposed during the

usual fishing season. It may easily be conceived that the materials constituting an

apparatus of this kind are of enormous size and bulk ; on this account, a steamboat is

chartered every j'ear to convey the entire ap])nratus from Palermo to Favignana. The
arm of the sea which lies between this island and Le\'anyo is peculiarly well adapted

for the establishment of a tonnarn, as the Sicilians call it, and the right of fishing in

this locality alone is valued at 60,000 francs."

On one occasion Professor Quatrefages went on the steamboat to the fishing-

grounds. By the break of day all the craft for miles around were to be seen con-

verging toward the same point, and in a short time they surrounded and enclosed " a

space of about one hundred square feet.

" Between 500 and 600 tunnies, impelled from chamber to chamber by the valves

which close behind them, have at length reached the last compartment, or the chamber

of death. This enclosure is provided with a movable floor formed of netting, which

can be raised from tlse bottom to the surface of the water by means of ropes. All

night long, men have been laboring to lift the huge apjsaratus, little by little, and now
each of its margins rests ujson the sides formed by the boats. Facing us is the pro-

prietor of the fishery, surrounded by his staff, and by a charming group of ladies who
have come from Palermo to witness the spectacle which is about to be exhibited. To

the right and to the left are stationed the two principal boats, which convey the band

of fishermen. These boats, which are entirely eni])ty, lie ready to receive their cargo

;

the only thing that breaks the even line of their decks being a long beam, which

passes from one extremity to the other, and lca-\'es a narrow sort of gangway on the

edge of the boat, where stand at least two hundred fishermen, who have come, in some

cases, from a distance of more than fifty miles to take part in this exciting sport.

Half naked, with deeply bronzed limbs, these athletic men stand side by side, all

awaiting with the same eager impatience the moment of action. Their eyes are

sparkling beneath their scarlet Phrygian caps ; their hands are grasping the imple-
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inents of death,— broad, sharp, and cutting hooks, which are either inserted into a long

pole, or fitted to the end of a short massive handle, which is deeply cut to enable the

hand to obtain a firmer hold of the weapon. In the midst of the enclosure, a little

black rowing-boat, manned by two oarsmen, contains the master-fisherman, from whom
emanate all orders, and who is ever at hand to encourage and lead on the workmen,

or to carry reinforcements from side to side, as they may be needed.

" During all this time the capstans, which are fixed at t'he extremities of the net,

have never ceased turning ; and as the moving floor of the corpon gradually rises, the

tunnies begin to appear, and, on looking through the transparent water, we see the fish

darting uneasily from one side to the other of a vast enclosure in which they are im-

prisoned. Some of them rise to the surface, or even spring out of the water ; but woe
be to those who rise near one of the boats, for no sooner does one appear than hands

of iron are stretched forth to bury their sharpened points in its sides. Even though

they may be wounded, the fish generally escape from the first attack ; for, being full of

life and strength, and in the enjoyment of entire liberty of motion within the large

basin that encloses them, they tear themselves from the hands of their enemies, leaving

only a few bleeding shi-eds of flesh attached to the hooks ; but still the capstan turns

remorselessly to the modulated songs of the sailors, and the net rises higher and higher.

The master-flsherman is always at hand in his little boat to drive the tunnies towards

the edges of the net. Wounds are now dealt on every side ; and soon some fish, more

deeply struck than his companions, slackens his course, showing from time to time his

broad silvery sides, along which the black blood is streaming forth. At every new
stroke his resistance diminishes, and soon the victim pauses for an instant ; but that

instant is enough; a dozen hooks are at once buried in his flesh, a dozen arms are bent

to lift him to the surface of the water. In vain the skin has given way ; each hook

tliat loses its hold is raised on high only to be buried still deeper in the quivering flesh
;

and soon the unfortunate animal is drawn to the side of the boat. In another moment
he is seized by two men, who, each grasping one of his large pectoral fins, lift him to

the beam which is placed behind them and throw him into the hold."

The slaughter goes on, and, after two hours of carnage, symptoms of exhaustion

begin to appear, the fish almost cease to come to the surface, and the capstans are

again brought into play. Soon the inner net is raised upwards to a level with the

water, and " a picked crew pursue the tunnies within the narrow limits to which they

are now circumscribed, and, striking them with long harpoons, urge them forward

against the hooks which are projected from the boats, and which speedily secure

them."

As a result of the haul, " in three hours 554 fish had been harpooned, weighing on

an average 176 pounds. Besides this, the chamber of the madrague still contained

about 400 captives ; the propi-ietor might therefore count, at the very beginning of the

season, upon having caught about 70 tons of the tunny fish, which would, at the least,

be equivalent to the sum of 43,000 francs. Here, then, in one fishing, nearly enough

had been gained to pay the whole expenses of the tonnara."

One of the most esteemed fishes of the American markets is the scombrid known

in the United States as the Spanish mackerel, but very different from the so-called

Spanish mackerel of England. The English fish of that name. Scomber colias, is

closely related to the true mackerel, but the American fish so named belongs to a

widely distinct genus, and is the Sconiberomorus macidatus of American authors, and

the Cybium maculatum of European. This fish is slender and elongated, with a small
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pointed head ; the spinous dorsal is low, and has fourteen to eighteen feeble spines

;

the second dorsal and anal are short and elevated, and each is succeeded by eight or

nine finlets ; the teeth in the jaws are strong and compressed, and fine teeth exist on

the vomer and palatines ; the color is bluish, tinged with silvery above, and along the

sides are numerous round bronze spots about as large as the pupil of the eye.

Tn size the Spanish mackerel is smaller than most of its relatives, but the

average varies. According to Mr. Goode, as a rule, the first to arrive on our coast

are the largest, and measure from twenty to twenty-four inches, while those coining

later are only about twelve or fifteen inches long. Specimens of thirty-six and forty

inches are sometimes caught by the use of trolling-lines, but these fish are rarely found

in the schools.

The Spanish mackerel is an inhabitant of the Caribbean seas and the coast waters

of America, considerably to the northward as well as southward. It is somewhat er-

ratic in its appearance, and has been much more abundant to the northward along our

coast of late years than formerly. It extends northward along the eastern coast as

far as Cape Cod ; on the western it is not found northward of Lower California. In

the 17th century it seems to have been moderately common, but for a long interval

no record has been preserved of its appearance. For some years, however, it has been

increasing in abundance, and is now a tolerably common fish, as well as the most

esteemed for the table.

Along the Florida coasts, they are first seen in March or April, four or five miles

from land, moving along swiftly towards the eastward, or playing at the surface, with

no apparent aim or coxirse of movement. Along the North Carolina coast, they be-

come abundant in the latter part of August and September. On the Virginian, they

come in August and Sejitember, and stay until frost. According to Genio C. Scott,

writing in 1875, " every year the shoals of Spanish mackerel become more and more

numerous, and more are taken, but never in sufficient numbers to reduce the average

price below sixty cents per pound." The shoals which he saw, when last trolling for

them, would have formed " an area of nearly five miles square and still the most suc-

cessful did not take more than a dozen in three days. They will not bite at any arti-

ficial lures, and tliough numbers came near leaping on the top " of his yacht, they

treated the lures with an indifference that savored of perversity.

Nothing was known concerning the reproduction of the Spanish mackerel until

1880. It was then found spawning abundantly in the Chesapeake bay, and the data

respecting its varying periods of deposition along the coast were also secured by Mr.

Earll. " The temperature of the water seems to have a decided effect upon the spawn-

ing time of the mackerel, and the ovaries and spermaries do not develop very rapidly

until it has risen to upwards of 72° Fahrenheit." In Carolina, spawning commences in

April, around Long Island in August, and in the intermediate Chesapeake region in

June. The season at any one locality lasts from six to ten weeks. The eggs, when

thrown from the parent, " rise to the surface, and are driven hither and thither by

the winds and tides during the earlier period of development." The time of hatch-

ing varies according to the temperature, but at 40° Fahrenheit almost all the eggs are

hatched, and the young feed within twenty hours and " fully half " eighteen hours after

fecundation.

Passing over the numerous other species of the family, still other forms related, but

more distantly, deserve attention.

Among the Scombridse we find fishes which exhibit different tendencies, finding
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their culmination in forms that are now so isolated by reason of the loss of interme-

diate types that they are distinguished as peculiar families. Among the Scombrids in

question is the genus Acanthocybium, which exhibits, in its elongated spinous dorsal

fin, and projecting jaws, as well as the structure of the gills, characters which tend

towards the sword-fishes. Another specialized group is that represented by the elon-

gated compressed species in which the spinous dorsal is also elongated, and in which

the ventral fins become feeble or obsolescent. These lead naturally to another group

of fishes which apparently are worthy of differentiation into two distinct families.

First, we may consider the sword-fishes, and afterwards the ribbon-like Scombroidea.

The Scombroidea with the upper jaw elongated and condensed into a sword-like

weapon have generally been combined in one family, but the differences manifested

by the species are so great as to demand a recognition of two distinct families, the

Histiophoridse and the Xiphiidse.

The sail-fishes or bill-fishes, constituting the family Histiophoeid^, have the body

elongated and more or less compressed ; the spinous dorsal fin is very long and per-

sistent, and often greatly developed, the spines being elongated, connected by mem-
brane, and constituting the sail of the fishermen, and the ventral fins are present in

the shape of elongated compressed spines, and generally have one or two axillary

rays ; but the chief differences are exhibited by the skeleton, prominent among which

are the elongated hour-glass-shaped vertebras, flag-like neural and haemal spines,

and the well-developed ribs.

Two distinct genera are rep-

resented in the American seas.

The spear-fish or bill-fish, Tet-

rapturtis albidus, is a form

having the dorsal fin low or

moderately developed, and the

ventral fins are represented

only by the spines. It is an inhabitant of the American seas as far north as the

New England waters in the summer months, and is not rarely taken by those

engaged in the sword-fishery. Occasionally, also, they enter into the fish-pounds

along the coast. In the tropical waters, however, the horizon of the species, according

to Professor Poey, is at a depth of about a hundred fathoms. It is probable, then,

that the temperature guides their movements, and that it is an inhabitant rather of

the cooler waters than of the true tropical ones. It is noted for its antagonism to

sharks, and the fish is said to become furious at their aj)pearance, and to engage in

violent combats with thetn.

The sail-fish, Iliatiophorus americanus., is scarcely distinct from the H. gladhcs,

but is distinguished from the Tetraptitri by the greatly elevated spinous dorsal fin, and

by the development of two or three rays within the axils of the ventral spines. This

species is also a summer inhabitant of the American waters as far north as New Eng-

land, and is likewise occasionally taken by the fishermen. It is, however, so active in

its movements that its value scarcely compensates for its capture.

The true sword-fish is the only representative of the family Xiphiid^. The body

is shorter, much stouter, and less compressed than in the Histiophoridae, the spin-

ous dorsal becomes atrophied behind, the posterior spines being scarcely visible,

and ventrals are entirely wanting. But it is more especially distinguished by the

larger short vertebrae, the spiniform neural and haemal spines, and the development

Fig. 116.— Hlstiophorus gladius, sail-flsb, young.
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of only a few short ribs; the Boft fins are also peculiar m being so ^^e^
^^

the skin as to leave the rays almoet mdistinguishable, and to remmd one of the fin o

sharks rather than those of ordinary fishes. It is the object of extensive fishenes

both in the Mediterranean and along the New England coasts, and has been made

the subject of an elaborate report by Professor Goode, which furnishes us with some

nte estin. data. From time immemorial it has been known to the dwellers around

the Mekrranean, where it is quite common; and individuals occur in summer bu

more and more sparingly as they approach the north even as

^^f
- f^^^

and along the American coast it advances northward at least as far '^

^f̂ J
j*

^
likewise found in the Pacific, and ha^ been recognized along the coast of Califoinia,

Fig. in.—Histioplu>rus gladius, sail-flsh, adult.

and in the southern hemisphere its presence about New Zealand has been recorded

Its appearance seems to be determined chiefly by temperature, and it is generally first

seen on the coast from New Jersey to New England about the last of May or early m

June and remains in those waters until September, or when the first cold wmds drive

it off It is said to be seen only on quiet summer days in the morning before ten or

eleven o'clock, and in the afternoons about four o'clock, and fishermen say that it rises

when the mackerel rise, and when the mackerel go down the sword-fish also goes down.

When tbey first appear, the fishes are very poor and lean, but as the summer advances

they grow fat The first are comparatively of small size, averagmg about one hun-

dred and fifty pounds gross, and of a length measuring about four feet
;
but later and
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further to the eastward much larger ones arc found, weighing from three to eight

hundred pounds gross, and of a blackish color. They come and leave in a general

school ; not in close schools like other fish, but distributed over the surface of the

water, the whole being called by the fishermen the annual school, though it cannot

strictly be so named. Indeed, according to Professor Goode, it is the universal testi-

mony of our fishermen that two are never seen swimming close together, and CajDtain

Ashby maintains that they are always distant from each other at least thirty or forty

feet. The sword-fish appears to spawn at quite a distance from the coast. The eggs

float to the surface and then quickly mature. The young are very different from the

old, and indeed would not be recognized by an inexperienced observer, and would
even be referred to a very distinct group of the class. According to Mr. Goode,
little is known about the rate of growth. Young fish in the Mediterranean, rang-

ing in weight from half a pound to twelve pounds, are thought to have been hatched

during the previous summer ; those of a larger size, ranging from twenty-four to sixty

pounds, taken on the New England coast in the summer, are perhaps the young of the

previous year. " Beyond this, even conjecture is fruitless. As in other species, the

rate of growth depends directly upon the quantity of food consumed."

The sword-fish is rather indiscriminate in its food, and almost all fish it comes
across are meat for it. It feeds on " menhaden, mackerel, bonitos, blue-fish, and other

species which swim in close schools." It is said to " rise beneath the school of small

fish, striking to the right and left " with the sword until a number have been killed,

which it then proceeds to devour. " Menhaden have been seen floating at the surface,

which have been cut nearly in twain by a blow of the sword." It is also recorded

that fish have been thrown out into the air and caught on the fall by it. Capt. Ashby
has asserted that he has seen a school of herring congregated together " at the surface,

on George's Bank as closely as they could be packed," and " a sword-fish came up and

through the dense mass, and fell flat over on its side, striking among the fish with the

sides of its sword." He has at one time picked up " as much as a barrel of herrings

thus killed by the sword-fish on George's Bank."

The flesh of the sword-fish is somewhat oily, but nevertheless a very acceptable

article of food. According to Professor Goode, "its texture is coarse; the thick,

fleshy, muscular layers cause it to resemble that of the halibut for consistency. Its

flavor is by many considered fine, and is not unlike that of blue-fish. Its color is gray.

The meat of the young fish is highly prized on the Mediterranean, and is said to be

perfectly white, compact, and of delicate flavor. Sword-fish are usually cut up into

steaks, thick slices across the body, and may be boiled oi- broiled. Considerable quan-

tities of sword-fish are annually salted in barrels in Portland, Gloucester, Boston, New
Bedford, and New London. Sword-fish pickled in brine is in considerable demand in

some parts of the country, and particularly in the lower Connecticut valley, where a

barrel may be found in almost every grocery store. By many persons it is considered

much more eatable than salted mackerel."

The sword-fish along the New England coast is hunted for in special vessels of

small size with a prominent platform at the bow, on which the harpooner is stationed.

It has been estimated by Mr. Goode, that " the average weight of a year's catch of

sword-fish amount to 1,500,000 pounds, valued at $45,000, the average price being

estimated at three cents per pound."

The taenioid fishes are closely related to the elongated Scombridae, but exhibit

differences which may be properly used, not only for family distinction, but further
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subdivision. All of them are elongated and very much compressed, resembling, as
the name tanioid indicates, a band or ribbon ; the lower jaw is more or Jess joromi-

nent; large barbed teeth arm the jaws; the dorsal fin is very long, and generally the
spinous portion merges into the soft without any break ; the anal fin proper is short,

but preceded by numerous rudimentary spines intervening between its commencement
and the anus, and the ventrals are represented by scale-like spines or entirely wanting.

The scabbard-fishes, Lepidopidid^, are those foi-ms which have a distinct and
tolerably developed, though small, caudal fin, and whose pectoral fins are modified in

a curious way, appearing to be inserted wrong side upwards, for the lower rays are

longer than the upper, and diminish upwards. There are at least four genera of this

type known. The species are inhabitants of tolerably deep waters.

The true scabbard-fish, Zepidopus argenteus, has a pointed head, and is of a beauti-

ful silvery color. The species is interesting on account of its distribution. It is found

Fig. 118.— Trichiwrus iepiuruSi thread-fish, cutlass-tish.

in deep water in the Mediterranean and along the coast of Europe, but more sparingly

northward. By the English fishermen it is called the scabbard-fish ; it is, however,

quite rare, and not a regular food-fish of the English. In the southern hemisphere it

reappears, and after heavy storms is cast ashore on New Zealand about the season when
the frost commences, and for this reason is called the frost-fish. It is regarded in New
Zealand as being at least one of the best food fishes of the colony ; in the words of Dr.

Hector, even " the most delicious fish in New Zealand."

The hair-tails or cutlass-fishes constitute the family Trichiueid^, and, as the name
indicates, have the posterior part of the body elongated and almost hair- or thread-

like, and, of course, it is destitute of a caudal fin ; the pectoral fins are of the normal
type of structure, and present no distinctive characteristics.

,

The common thread-fish, perhaps better known as the cutlass-fish or sabre-fish,

Trichiurus lepturus, is quite widely diffused in the tropical and temperate Atlantic
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seas. It may be at once known by the long filiform tail, and by its beautiful silvery

color. In allusion to the color it is sometimes called, along the southern coast, silver-

eel, and still other names are given, such as skip-jack in the Indian river region, and

sword-fish about Pensacola. It grows occasionally to a length of four or five feet, but

is not often seen more than two or two and a half feet long. It is very rarely met

with along the European coast and apparently does not enter the Mediterranean. It

swims along the surface of the ocean, and, as one of the names (skip-jack) indicates,

is prone to leap out of the water. Several instances were related to Professor Goode

of this fish throwing itself from the water into row-boats, and a small one fell into a

boat in crossing the Arlington River where the water is nearly fresh. In some parts

of Florida and Jamaica it is taken in sufiicient numbers for the table, and is esteemed

as a very good food-fish. It is generally caught with a hoqk, and the fishing takes

place before day ; the " lines are pulled in as fast as they are thrown out, with the cer-

tainty that the cutlass has been hooked. As many as ninety boats have been counted

on this fishing ground at daybreak during the season," all hauling in the fish.

The most interesting and important of the Scombroidea have now been noticed, but

there are many forms that have been placed with the families enumerated or in dis-

tinct ones near them : of such the Nematistiid^, Beamid^e, Pempheeididjs and Dee-
PANiD^ really appear to be closely related to one or other of the forms described.

Others seem to be more distant, and such are the TETEAGONUEiDiE, Equuliid^,

LAMPEiDii)jE, LuvAEiDiB, Menid^, GEAMsncoLEPiDiD^, KuETiDiE, Capeoid^, and

ZENiDJi. Only a few of these can be noticed.

The family Teteagonueid^ has been established for a single species which is so

different from all others that it is not even plain to what, it is next of kin. By Dr.

Gtinther it has been associated with the Atherinidas, but the best ichthyologists are

disposed to place it near the Scombridae. The form is somewhat like that of some of

the Scombridfe, but the scales are peculiar, in being traversed with several keels or

striis; the lower jaw is deep, and both the upper and lower have uniserial compressed

teeth ; the dorsal is double, the spines feeble, and the rayed about as long as the

spinous portion ; the ventrals are slightly behind the breast. The only species, Tetra-

gonurus niger, is a moderately deep water inhabitant of the Mediterranean and
Atlantic.

There is a fish of large size and very brilliant colors, whose home seems to be

the temperate high-seas of the Atlantic; it is, however, not unfrequently thrown
upon the English shores, and has also, but very rarely, been taken on the American.
The species has received the popular name of opah, and king of the herrings, the

scientific name Zampris guttata or hma, and is the type of family Lampeidid^. The
generic name, derived from the Greek lampros (radiant), indicates its brilliant colors.

The body is much compressed and oviform, and has very minute scales. The head is

comparatively small, and somewhat pointed or beaked forwards ; the mouth is small

and toothless ; the premaxillaries are very protractile ; there is a single long and falci-

form dorsal fin destitute of true spines ; the anal is likewise long, but not at all fal-

cate ; the ventral fins originate considerably behind the pectorals and are, in position

at least, sub-abdominal, being pushed backwards by the great development of the

scapular arch ; they are remarkable for the numerous (13) rays.

The color has been described as " a rich brocade of silver and lilac, rosy on the

belly ; everywhei-e with round silvery spots ; head, opercles, and back with ultrama^

i-ine tints; jaws and fins vei-milion." The flesh is reddish and somewhat resembles in
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appearance, as well as taste, that of the ordinary salmon. It reaches quite a large size,

having been found at least four feet long.

Another small group of fishes is represented by the John Dory, or, as the name is

sometimes shortened, dory of the English. The group is of family value, and has

been named Zenidje or Cyttid^. The body is much compressed, and rhombiform

or sub-oval in contour, sometimes extended toward the base of the ventrals, and

the profile is nearly rectilinear, and declivous from the dorsal to the mouth ; the head

is extended forwards and short behind, the eyes being very near the occiput ; the

jaws are quite extensile, and the mouth moderately large; there are two dorsals, the

Fig. 119. — Lampris guttata, opali, king of the herrings.

first having eight or ten spines, and the second being long and low ; the anal fin is

larger even than the second dorsal, and the anus consequently advanced in front of

the middle.

The John Dory, Zeusfaber, is quite a common fish in the English seas, and has for

a century past been held in high esteem as a food fish, on account of the fashion inaugu-

rated by James Quin, the celebrated gourmand and actor of the last century. Some

naturalists and etymologists have gone a good deal out of the way in seeking the

origin of the name John Dory. One of the most recent, Dr. GUnther, thinks that it

is "partly a corruption of the Gascon '/aw,' which signifies cock, 'dory' being
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derirved from the French doree, so that the entire name means 'gilt cock.'" Common
people are not in the habit of deriving names from two different and foreign languages,

and we may therefore safely discai-d the surmise as very improbable, to say the least.

Another writer derives it from the French, jatine, yellow, and doree, gilt, but there is

no indication that the fish has ever received such a name as ' jaune doree ' on the

French coast, and it is very unlikely that it should have originated among the English.

A more probable supposition is, that the name is a corruption of the Italian word

Janitore, by which the fish is known on parts of the Italian coast, and especially at

Venice. The fish has a dark ocellated spot on each side some distance behind the

head or near the middle of the body, and tradition records that it was the fish caught

in Lake Gennesaret, from which the apostle Peter took the tribute-money, and that

the spot is a reminiscence of the manner in which he held the fish. The names cur-

rent at various places embody this tradition. It is possible that some traveler may
have recognized the fish in England, and communicated the legend respecting it as

well as the name, and that the latter superseded any other in the present corrupted

form. As has already been indicated, the fish is an inhabitant of the sea, and since it

does not dwell, and never did dwell, in Lake Gennesaret, where the holy man found

the tribute-giving fish, it certainly is not the veritable fish of St. Peter. The John

Dory, or dory, attains a considerable size, occasionally weighing as much as twenty or

thirty pounds, but rarely more than twelve to eighteen in English waters.

A species of this family, Zenopsis ocellatus, was taken on one occasion near Prov-

incetown, Mass.

The boar-fish of the English ( Ccipros aper) is the type of a family (Caproid^) related

to the Zenidse, but is not of sufficient interest to demand more than this mention.

Both the ZenidsB and Caproidse exhibit a singular mode of locomotion. This is to a

large extent effected by a " scarcely perceptible vibratory action " of the dorsal and
anal fins, and they are thus enabled to steal upon their victims unnoticed, till they

have approached so near that they can grab their prey by suddenly shooting out their

very extensile jaws.

We may next consider a group of fishes which have generally been closely approxi-

mated to the Scombroidea. In fact, they are not very closely related, although the

members of the two groups have been shufiled to some extent between each other.

The fishes in question form a superfamily named CH^TODONTOIDEA. The typical

representatives have a very much compressed body, appearing to graduate insensibly

into the dorsal and anal fins, on account of the extension upon those fins of the integu-

ments and scales. The upper pharyngeal bones are much compressed, and vertically

extended or lamelliform. The processes for the ribs originate low on the bodies of

the vertebrae, and the anterior vertebrse and basioccipital bone of the skull are pecu-

liarly modified. There are several families.

The Ephippiid^ constitute a small family distinguished by the limitation of the

branchial apertures to the sides, and their separation by a wide scaly isthmus which

extends from the pectoral region to the chin ; the spinous and soft portions of the

dorsal are more or less distinct; the upper jaw is scarcely protractile, and the post-

temporal or uppermost bone of the shoulder-girdle has two processes by which it

articulates with the cranium.

Two species of one of the genera of Ephippiidae ( Chcetodipterus) occur along the

American coast. One species, C. faber, extends along the eastern coasts as far north

as Massachusetts, although rare in its northern extension ; it is tolerably abundant

along the Maryland and Virginia coasts and southwards, and is sold in the Washington
VOL. III. — 14
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and other markets under the name ' porgie.' But it must be remembered that it is very

distinct from the species so called about New York, which belong to the family of

Sparids. The west-coast species is known as C. zonatus, and is very closely related to

the east-coast form, but it does not extend as far northward on the Pacific coast as its

eastern congener does along the Atlantic.

The Ch^etodontid^ are fishes of brilliant colors, whose bi'anchial apertures are con-

tinuous below, and whose spinous and soft dorsal elements are continuous ; the upper

jaw is generally moderately protractile, and the upper bones of the shoulder girdle

have only single processes to articulate with the cranium.

The species of Chsetodonts are numerous, and some are found in all tropical seas

and especially about coral reefs. The colors are usually very striking, both by the

contrast of the different hues and their distribution. The brighter hues are most apt

to appear as lines which trend in various directions, usually obliquely, forwards or

backwards, upwards or downwards, and not infrequently diagonally. The accompanj'-

ing plate will give a good idea of the range of coloration, or rather its mode of distri-

bution. The forais illustrated are three species of Chcetodon (C. setifer, C./asciatus,

and C. vittatus), two of Holacanthus {H. diacanthus and H. imperator) and one of

Seniochus {H. macrolepidotus).

The Chsetodontids are generally of rather small or quite moderate size, and not of

much economical importance. There are some striking exceptions, however. The
Holacanthus imperator, figured on the plate, called by the Dutch, " Emperor of Japan,"

is a fish resplendent in hues and notable for savoriness. It reaches a length of about

fifteen inches, and is one of the most esteemed of all the Indo-Pacific fishes, " resem-

bling our much-prized salmon in flavor."

The angel-fish of the West Indies and Bermudas, Holacanthus ciliaris, also grows

to a considerable size, attaining a weight of about four pounds, and Mr. Goode thinks

that " it as far surpasses all the other fishes " of Bermuda " in its delicious flavor as in

its lovely hues."

Zanclid^ is a family name for a single genus distinguished by the few spines of

the dorsal, but otherwise nearly related to the Chietodontids. The Zanclus cornutus,

as the name indicates, has a horn-like appendage to the forehead, and is held in great

reverence by the fishermen of the Moluccas, who bow to it when taken, and then re-

store it to the water. Inasmuch as the fish is a very savory one, we may understand

bow real the reverence of the natives is.

The PsETTiD^, Platacid^, Scatophagid^, and Toxotid^ have been generally

associated with the Chjetodontoid fishes, but they are not Aery closely related, compara-

tively, to the preceding forms. Two types that have been widely separated, on the

other hand, appear to be really related, although this requires to be proved ; these are

the PENTACEEOTiDiE and Anoplid^. None of these, however, are of sufiicient inter-

est to demand extended notice, except, perhaps, the Toxotidffi.

The T0XOTIDJ3 are fishes distinguished by the backwai-d position of the dorsal fin

and its few spines, and by the declining rectilinear outline in front of the dorsal. One

of the species has been very generally credited with the faculty of shooting drops of

water at insects on low-hanging branches, and thus securing them for food. There

does not appear to be any adaptation in the organization of the mouth for such a feat,

and skepticism must be exercised in the acceptance of the statement made. Certainly

no recent confirmation of the old story has been given, and the tradition has probably

resulted from some misunderstanding.
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Perhaps the fishes most nearly allied to the Chaetodontoidea are two families that

have been associated together under the super-family name TEUTHIDOIDEA ; these

are the Teuthididse and the Siganidte. These Teuthidoidea are fishes distinguished

by the development of transversely expanded, buckler-like, subcutaneous plates on the

back, intervening between the spines, and limiting their erection foi'wards.

The TetjthididjE comprise those fishes which have the soft portion as long as, or

longer than, the spinous, only the usual external spines to the ventrals, and the head

considerably produced in front of the eyes. When adult, all are armed with spines

Fig. 120.— Teuthis coeruleus, barber-fish, surgeon.

or sharp ridges on the sides of the tail. The most characteristic have only one on

each side, which is lancet-like, hooks forward, and is depressible in, or erectile from, a

groove. They have received the names barber-fish, surgeon, and doctor. The

appendages noticed are quite efiicient weapons, and are vigorously used by the animal

for offence as well as defence. If an intruder or enemy approaches too near the

acanthurous tenant of a favorite spot or corner, he is met by a vigorous slash of the

tail, with erected lancets, which may inflict a serious wound. In fact, all the species
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so armed are quite pugnacious, and can protect themselves successfully against most

enemies of their size. Three species inhabit the Caiibbean Sea, and two of them
ascend considerable distances up the Atlantic coast. These are the Teuthis hepatus,

T. cceruleus and T. trachis ; they are more generally known as species of Acanihurus.

The SiGANiD^ are confined to the Pacific Ocean, and their homes are in the coral

regions. The rayed portions of the dorsal and anal fins are equal and opposite each

other, and much shorter than the spinous portions. There is a singular uniformity in

the number of rays, all having thirteen spines and ten rays in the dorsal, and seven

spines and nine rays in the anal fin ; the ventrals are quite unique in the development

of a spine to the inner as well as outer edges ; the head is short in front of the eyes.

Between thirty and forty sjaecies of Siganidse are known. Some have quite

striking colors, disposed generally as spots or blotches.

The Teuthidoidea are the last of a series which, after a considerable but not impas-

sable break, is resumed in forms sufficiently different in aspect, at least, to be generally

considered a group of ordinal value, the Plectognathi. Before resuming consider-

ation of the important groups, it will be well to notice a couple of small families, both

of which have some importance from an economical jDoint of view.

In the Chesapeake bay, a fish (Elacate Canada) is found, which bears the names

bonito and coal-fish, and, says 3Ir. Goode, is "considered one of the most important

food-fishes of Maryland and Virginia, 'though it is but little known elsewhere." It is,

however, a waim-water fish, and quite widely distributed, and it extends northward

from the Caribbean sea. In eastern Florida it is called the sergeant-fish, and along

the western coast of the peninsula it is known as the ling or snooks ; it is the cub-

by-yew of the Bermudians, a corruption of Cobia, which is a Spanish term for it.

Crab-eater is a name under which it was early noticed by Dr. Mitchill. Most of the

names have been used of old for better-known fishes, and sergeant-fish, or cobia, would

be preferable for popular use. The dark stripes which run along the middle of the

body have given rise to the name which we prefer to employ.

The sergeant-fish has been generally approximated to the Scombridse and Carangidse,

and may be really related to the latter. It is, however, the type of a distinct family—
the Elacatid^— and is distinguishable by the fusiform shape, smooth scales, lateral

line concurrent with the back, depressed head, free spines (eight in number) rep-

resenting the first dorsal, the long second dorsal and anal, and the acutely lobed

caudal fin. It is quite a large fish, sometimes reaching a length of five feet, and a

weight of fifteen to twenty pounds. It is also a ravenous fish, and in Florida was

observed by Mr. Clarke " lying under the mangrove bushes in wait for prey, like a

pike." A specimen caught near New York had twenty spotted sand-crabs, besides

several young flounders, in its stomach, and another caught in Boston harbor consumed

all the fishes in the ' car ' in which it was placed. The sergeant-fish is known to breed

in Chesapeake bay.

Another small family, peculiar to the tropical and subtropical waters of America, is

that called Centeopomid^. These have an elongate body, small ctenoid scales, a very

distinct lateral line continued on the tail, well-separated dorsals, the first with seven

or eight spines (of which the third is the longest), a short anal with three spines (the

second is much the strongest), and a forked caudal. The most salient peculiarities,

however, are to be seen in the skeleton, and especially the posterior part of the skull.

In the English West Indian colonies the species of Centropomus are generally called

snook, and in the Spanish robalo. The eai'liest known is the C. undecimalis, which
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occurs on the Florida and Texas coasts. Although sea-fishes, most are quite at home
in the fresh-water, and indeed are regarded by some as fresh-water fishes. They
reach a moderate size, and are held in considerable esteem for the table. The species

are all very similar in external appeai-ance and colors.

We now commence with another series, whose parentage is perhaps the same as

that of the Scombroidea, and which have been provisionally combined in the super-

family PERCOIDEA.
First are fishes gener.ally oblong and compressed, but exhibiting considerable varia-

tion in fo]-m, with scales well developed, rough, and arranged in very oblique series;

the lateral line concurrent with the back and continued on the caudal fin to its end

;

the head compressed or inflated, and the roof of the skull more or less excavated by

tunnels, channels, and holes : in the specialized types the head ends in a blunt snout

overhanging the lower jaw, and such types are also provided with notches and holes
,

above the upper lip ; the mouth is moderately cleft ; there are two dorsal fins, the

anterior composed of a modei'ate number of spines, the posterior long ; the anal is

generally short, and armed with not more than two spines, the second of which is

often very lai-ge ; the pectorals have branched rays, and the ventrals are thoracic and

Fig. 121.— Vynoscion regalis, weak-fish, squeteague.

provided with a spine and five rays each. The constituents of this family (Sci^ni-

D^) are numerous, and many of them are of considerable commercial importance.

In Polynesia it is almost unrepresented, but elsewhere in the tropics and temperate

seas has a goodly number of species ; of these, eighteen occur along the Atlantic sea-

coast, and seven along the Pacific sea-coast of the United States.

The weak-fish and its relations, constituting the genus Oynoscion, is distinguished

for the forward pointed head and projecting lower jaw, and the canine teeth which

are present in the front of the upper jaw. Five species occur in the United States.

The common weak-fish or squeteague ( Cynoscion regcdis) is silvery, darker above,

and marked with many small irregular dark blotches, some of which form undulating

lines running downwards and forwards; the dorsal and caudal fins are dusky; the

ventrals, anal, and lower edge of caudal yellowish and sometimes speckled. It varies

in size according to season and locality ; on the coast of New Jersey, fishes do not

average much more than a pound, but occasionally there and elsewhere they may be

found of from six to ten pounds weight, and fishes weighing even thirty pounds have

been caught. The weak-fish is essentially a coast and salt-water fish, but frequently

runs up tidal waters, and seems to delight in estuaries or " the mouths of fresh-water

streams where there is a mixture of fresh water." It is a resident fish in the south,



214 LOWER- VERTEBRATES.

but appears on the northern coasts only in the summer, for periods varying with lati-

tude and climate. In the Middle States its advent is quite early in the spring, but it

becomes most abundant from early June to September. Its visits, however, have

been occasionally interrupted, and its paucity or almost absence during some years has

been attributed to the blue-fish, which is the most formidable enemy of the species.

When, in past times, the blue-fish had left the coast, the weak-fish increased in

numbers, and in some years it has been extremely abundant.

Although a moderately good table fish, it by no means ranks among the best, and

indeed does not bring a very high price, for the flesh is soft and flabby, and of little

value except when eaten fresh from the water. The weak-fish is one of the salt-water

game fishes, and its pursuit is highly enjoyed by coast fishermen, on account of the

great numbers that can be taken in a very short time. " They usually move about in

schools of greater or less size, swimming pretty near the surface, and requiring a line

but little leaded. They like almost any kind of bait, especially clams, soft crabs, or

pieces of fish. These they bite with a snap, rarely condescending to nibble, and it

requires constant vigilance to be prepared for them, and care in hauling them in out

of the water, in consequence of the extreme tenderness of the mouth." This tender-

ness of the mouth is said to be the cause of the name weak-fish.

The spotted weak-fish or squeteague of the southern coast ( Cynoscion maculatus)

is like the common weak-fish in appearance, bvit is distinguished by the presence of

numerous conspicuous round black spots upon the back as well as the dorsal fins. On
account of these spots, it is very generally known in the southern states as the treat

or sea-trout.

A species quite nearly related to the weak-fish i's found along the southern Califor-

nia coast, where it is sometimes called blue-fish, although of course without any refer-

ence to the common blue-fish of the eastern coast. Its scientific name is Cynoscion '

parvipinnis. A more distant relation of the squeteagues on the western coast is a

species generally known in the Californian markets as the sea-bass or white sea-bass,

although the young are called sea-trout— the Cynoscion (Atractoscion) nobilis.

This species is destitute of the large teeth which arm the front of the upper jaw of

the preceding species, and is bluish above and everywhere dotted with black. It

iittains a much larger size than its eastern relatives, sometimes reaching a weight of

sixty or seventy-five pounds, or even, but very rarely, still more; the average of those

brought to the markets, however, is about fifteen pounds. " It is one of the most

important food fishes of the coast. Its flesh is excellent, firm, and well flavored, and

its great size renders it a very valuable species."

The genus Scicena is the typical one of the family, and its best-known species,

celebrated in history and common in the Mediterranean, is the Scicsna umbra / it is

popularly known as the meagre, or maigre. The species has a very wide range

;

it occasionally reaches the British coast, and southwardly reappears at the Cape of

Good Hope, and, it is asserted, is also found along the coast of southern Australia. It

sometimes- becomes six feet long or more, but of course the average is very much less.

A species related, although not very closely, to the meagre, is a fish known along

the southern Atlantic and Gulf coast of the United States as the red-fish, or, as it

appears in the books, branded drum or beardless drum. The most characteristic feature

of this fish is the presence of a black spot margined with lighter on the end of the

tail or base of the caudal fin, between the lateral line and back. It is to the presence

of this spot, which is suggestive of a brand, that it owes the name of branded drum.
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As to title, however, Mr. Goode thinks that this iish is very much in need of a

characteristic name of its own. "Its local names are all preoccupied by other more

widely distributed or better known forms which seem to have substantial claims of

priority. In the Chesapeake, and south to below Cape Platteras, it is called the drum,

but its kinsman, Pogonias chromis, is known by the same name throughout its whole

range," and is "the possessor of a much larger and more resonant musical organ

:

some of the old writers coined names for it, like ' branded drum,' referring to the

brand-like spots upon the tail, and ' beardless drum,' but these are valueless for common

use, like most other 'book-names.' In the Carolinas, Florida, and the Gulf, we meet

with the names ' bass ' and its variations, ' spotted-bass,' ' red-bass,' ' sea-bass,' ' reef

bass,' and ' channel-bass.' Many persons suppose ' channel-bass ' to be a characteristic

name, but this is a mistake, for the term is applied probably only to large individuals

which are taken in the channels of streams and sounds ; wherever this name is used,

the smaller fish of the species are called simply 'bass' or 'school-bass;' even if the

word ' bass ' could be so qualified as to be applicable to the species, there is an insuper-

able objection to its use for any fish of this family." ' Spot ' is another name erro-

neously applied to this fish ; it is " the piroperty of a much smaller species of the

same family, otherwise known as 'Lafayette' or 'Cape May goodie.' Finally we
have the 'red-fish' and 'red-horse' of Florida and the Gulf States, the 'poisson

rouge ' of the Louisiana Creoles. Although this name is occasionally applied to a

much redder fish, the Norway haddock or red-perch of the north, it is, perhaps the

most characteristic one, and that most suitable for general use, especially if modified

into 'southern red-fish.'"

The red-fish, as we must then call it, is a large sj)ecies, and may be found not rarely

four or five feet long and weighing forty pounds or more, but the average weight is

about ten pounds. It is regarded quite highly for table purposes, and is also the sub-

ject of pursuit as a game fish.

Another group of fishes of this family that demands some attention is that repre-

sented by the species called king-fish about New York. The group is known to the

American ichthyologists as the genus Menticirrus, and is related to the genus Vmbrina,

of which the best known species is European, but is distinguished by a more elon-

gated form, more backward position of the ventrals, and the absence of an air-bladder,

besides some other characters. Of this genus Menticirrus, four species are found

along the eastern American coast.

The common king-fish of the north (Ml nehulosiis) is distinguished by its color,

which is bright grayish silvery, varied by dark bars of which the anterior ran ob-

liquely backward and downward, and the posterior obliquely forward and downward
;

the fins are dusky and spotless. In addition to the name king-fish, the species is

called ' whiting,' and ' barb.' It is quite an abundant species, but of comparatively

small size. They average three quarters of a pound, and the largest heard of by Mr.

Goode reached the weight of only a pound and a half. It is a common market fish

and is regarded as a delicious pan-fish, sweet and hard, and of delicate flavor."

A sj)ecies [M. alburnus), common at Charleston, is related to the king-fish of the

north, but differs in its teeth and color. It is also prized as a table-fish, and in

Charleston it is regarded as a special dainty, and it is told that when the city was
closely blockaded during " the late unpleasantness," the " commander of the garrison,

who was a bon vivant, gave one hundred dollars of Confederate money for a string

of whiting."
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Along the entire eastern and gulf states of North America, and in the great rivers

and lakes of the interior, are found a couple of fishes of a peculiar build and with

certain salient characteristics of the pharyngeal bones. The body is much compressed

and quite elevated, and rather protracted forward at the front of the back, and the

lower pharyngeal bones are enlarged and joined together at the middle, forming

a single triangular piece which is studded by teeth, reminding one of the cobble-

stones which in olden times were used for paving the streets of cities. These bones

are often to be seen in collections of curiosities. The species of the type so distin-

guished represent two genera, one confined to the salt water and the other to the

fresh. Drum is the common name given to both forms.

The drum of the salt water (^Pogonius chromis) is distinguished by the develop-

ment of numerous little thread-like appendages or barbels from the lower jaw, and the

Fig. 122.— Pogonias chromis, drum-fish.

tail fin is emarginated or subtruncate. Its appearance is quite different according to

age; when young it has four or five broad, vertical, dark bars, but with age these dis-

appear, leaving the old uniformly colored gray silvery. The fins are also relatively

larger in the young than in the full grown. The species is by far the largest of the

American representatives of the family. It occasionally attains a weight of nearly one

hundred pounds, but of course this is very unusual, and the average is perhaps some-

where about twenty pounds. The species is noted for the depth of the sounds,

somewhat resembling those from a mufiled drum, which it makes and which have ob-

tained for it the name of drum-fish. This drumming sound is common to a large

proportion of the species of the family, but is much deeper in the drum-fishes of the

sea as well as fresh waters, than any of their relatives. It is said to be due, partly at

least, to the action of the pharyngeal bones grinding upon each other.

The drum-fish is especially addicted to shell-fishes, and particularly mussels, clams,
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etc., and it is with reference to such a diet that the pharyngeal armature is so well

developed. In some places it is a source of great annoyance on account of its rava-

ges upon oyster beds. " In New York bay, off Cabin point, where the old Black

Tom reef is now converted into an island, one planter of Keyport lost his whole

summer's work, material, and labor, in a single September week, through an attack by

drums," and a City Island planter reported " a loss of $10,000 in one season a few

years ago." The " vexation of it is, too, that the drum does not seem to eat half of

what he destroys, but, on the contrary, a great school of them will go over a bed,

wantonly crushing hundreds of oysters and dropping them untasted, but in fragments

on the bottom."

The drum is a market fish, but is regarded as inferior in quality. Sometimes its

scales are made use of in fancy work.

The drum-fish or sheepshead of the rivers and lakes {Haplodinotus grunniens) is

also a large species, but much inferior in size to its salt-water relative. It has no bar-

FiG. 123. — Eques kmceolatus.

bels to the lower jaw, and its tail is extended backward in the middle. It is a fish

but little esteemed, although there seems to be some difference of -opinion as to its

merit, or perhaps real di£fei*ence according to locality or season. Along the rivers

it is held in some regard, but on the lake coast it is considered as inferior.

The least of the scifenids which we need to consider is a small fish currently known
in the northern United States as the Lafayette or spot. This species is well distin-

guished by the absence of teeth from the lower jaw, and likewise by its coloration ; it

is bluish above and grayish silvei-y below, while about fifteen dark bands extend

across the side from the dorsal obliquely forward to below the lateral line, and there

is also a very distinct spot upon tlie shoulders. It is a small fish, but regarded quite
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highly as a pan-fish. One of its common names, ' Cape May goodie,' embodies this

favorable opinion of its merits. Another name, referring to the mark on its shoulders,

is ' spot
' ;

' old wife ' is an additional designation borrowed from the English. The best

known name, ' Lafayette,' is due to the fact that it became prominent by its appear-

ance and indeed was said by the fishermen to have first appeared in the year (1824)

when General Lafayette visited the United States.

One other species, the Eques laticeolatics, may be noticed as an illustration of

how much variation is compatible within the family limits of the Sciienids. This

fish is one of several living in the Caribbean sea, distinguished by the humped
back, very short and advanced, but elevated first dorsal, and long second dorsal,

and a peculiar distribution of colors. As a rule the sciaenids are very sober in

coloration, but in the species of Eques we have some striking contrasts, as in the

one here figured.

By Cuvier and the early ichthyologists, a number of fishes were referred to the

family of Sciaenidse which did not really belong to it, and were eliminated by an accom-

plished ichthyologist, the Rev. Wm. Low, leaving it as it is now retained. Some
later ichthyologists went to an extreme, and widely separated the eliminated forms

from the Scieenids. Nevertheless, a number of them really do belong near that

family, although still nearer others to follow. Among such are certain fishes for

which the family H^MULONiDiE or Peistipomid^ has been constituted. These have

the body compressed, and often (not always) elevated towards the front of the back,

the spinous part of the dorsal longer than the soft, the jaw-teeth pointed, head

pointed forwards, the palate toothless, and the preopercle serrate. Quite a large num-

ber of species belong to it, and a couple of genera are of special interest to the

American naturalist ; they are Jlti-mulon and 07-t/iopristis.

Grunt, pig-fish, and red-mouth are the principal common names of the species of

Hmmulon ; the first two refer to the noise made when one is hauled out of the water,

and the last to blood-rod blotches on the gums or lips behind ; it is to this peculiarity

also that the scientific name alludes. The color of the sides is likewise noteworthy,

for, in most, oblique stripes run along the rows of scales. The mouth is quite deeply

cleft. The flesh is excellent.

Another fish, also called grunt and pig-fish, hut differing from the former by the

absence of the red staining of the jaws, and comparatively small mouth, is the Ortho-

pristis chrysopterus. In some places it bears the name ' sailor's choice,' but this one

is also shared by others. It is quite common on the southern American coast, and is

highly esteemed ; it has indeed been pronounced by some to be " the finest fish that

swims."

One of the most important families of fishes is that of the SPAEiDiE. The body

is compressed and generally quite high, especially towards the front of the back; the

head is moderate, and usually the skin from the nape to the snout is smooth and scale-

less ; the preorbital bones are more or less enlarged, and the maxillaries slide under

them ; the teeth are generally developed as molars on the sides, while in front they

are either conical, or more or less compressed, and sometimes shaped like the incisor

teeth of mammals ; the dorsal fin is long and entire, and is depressible in a groove of

the back ; the spinous portion is longer than the soft. The species are numerous in

tropical as well as in temperate seas. On the coast of the United States representa-

tives of six genera are found.

The typical genus of the family, /Sparus, is represented by a species common to
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Europe and the southern Atlantic and Gulf— the *S^. pagrus. It is much less abun-

dant on the American side than on the European.

The fish called porgee about New York, and soup or scuppaug {Stenotomus chry-

sops, or, also, S. argyrops) in New England, is by far the most common of the Spa-

rids along the northern coast, and extends naturally as far as Cape Cod. It may be

distinguished by the very narrow and compressed incisors, and by the teeth on the

sides, developed as gi-inders, in about two rows. The word porgee is derived from

the old Latin pagrus, which has been modified by various European nations into

different forms. Scuppaug is from an old Narragansett Indian name, and scup is an

abbreviated form of it. It is a pity that the original scuppaug, or its abbreviation,

scup, could not be adopted generally, but the conflict of names will probably con-

tinue. There are still other names applied to it. On the Virginia coast, for example,

the name porgee is applied to the moon-fish {ChcBtodipterus faiber), and this species is

known as the 'fair-maid.'

The scup is one of the most abundant of the east-coast fishes in the summer, and

occurs along the entire coast south of Cape Cod ; specimens have indeed been found

/-/

Fig. 124. — Stenotomus chrysopSt scup, scuppaug, porgie.

north of the cape, but very rarely, and it is even claimed that they are the survi-

vors of fishes let loose in Boston harbor in 1831 or 1832. A portion of a smack-load

of live fish, it is said, was purchased at that time, " by subscription among the fisher-

men in the market, and thrown into the harbor." On reviewing the evidence recently,

Professor Goode concluded that, judging from the' rare occurrence of the species thus

introduced, it can hardly be considered to liave become naturalized ; the few which

have been taken were doubtless summer stragglers.

The scup may appear on the New England coast even as early as the middle of

Aj)ril, but it becomes most abundant towards the first of June, and arrives in succes-

sive detachments or runs, differing in size, the smallest fisli coming last. The first

run on the southern coast of New England " takes place about the beginning of May,

and consists of large breeding fish, weighing from two to four pounds, and measuring

up to eighteen inches or more in length. The spawn is quite well developed at that

time, and is said to be at first red, but gradually to become light yellow as it
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matures. The particular time and place, however, of laying the eggs is not known,

although it is probable that it occurs early in June, since the schools are said to break

up about the middle of that month, and the fish to scatter. It is thought probable

that the spawning takes place in the eel-grass that covers the shoal waters of Narra^

gansett Bay and Vineyard Sound." Further south their sojourn upon the coast is

still longer, in accordance with the longer season. The scup grows rapidly, and when
two years old is almost large enough to be marketable.

Like so many other of our fishes, the scup is variable in its abundance. At present

it is much less common than it has been in times past. Of their former abundance

on the south coast of New England, almost incredible accounts have been given.

" They swarmed to such a degree that their capture ceased to be a matter of sport.

The line, when thrown overboard, could be immediately withdrawn, with the assurance

of having a fish on each one of two hooks. Any number of fishermen fi'om boats

could take fi'om five hundred to one thousand pounds a day without the slightest dif-

ficulty, the limits being simply the ability to find a sale." At some other times, on

the other hand, the fish has been even less abundant than now. Professor Baird came

to the conclusion that there was good evidence to show that, prior to the year 1800,

there was at least one period, if not more, when it was extremely rare. " There is a

tradition that they first occurred at Newport about 1793, the sheepshead disappearing

about the same time."

As a table fish the scup is moderately esteemed. Its flesh is firm and flaky, and

generally it is sweet and pleasant, although sometimes a bitter flavor detracts from its

palatabUity. In Professor Baird's estimation, the species is surpassed by very few

others on the coast, although its superabundance causes it to be undervalued.

The scup is caught for the market in immense numbers in the pounds that are so

numerous along the southern New England and Long Island coasts. It is also a fish

that finds favor with the salt-water angler. It is generally fished for with the boat

still or at anchor, and the hook is generally baited with clams. It bites rapidly, and is

best secured, as soon as the bite is felt, by a dextrous movement of the hand. There

are certain fishing banks near the city of New York, to which regular daily excursions

are made in the summer, where the porgee and the sea-bass are the chief fishes taken.

The royal member of the family Sparidse is the sheepshead. It may be distin-

guished at once by the broad cutting teeth in the front of the jaws, while its side teeth

are molars or grinders in several rows, like those of the scup or porgee. The ante-

orbital part of the head is quite deep, and, on account of its form and color, and the

teeth and manner of using them, the fish has derived its name of sheepshead. This

name is the one which is common to it along the entire coast, and, indeed, it has no

synonyms like almost all other species. The negroes of the south drop the middle ' s

'

and call it sheephead.

The sheepshead occurs along the entire eastern coast, from southern Florida to

Cape Cod, as well as in the Gulf of Mexico. It is pei'haps most abundant in the north

along the south shore of New England, and between Cape May and Montauk Point.

It more especially affects oyster beds and deposits of mussels, upon which it feeds,

and it is also to be found " about wrecks of old vessels, on which barnacles and shells

abound." It stays mostly near the bottom, and is " quiet in its habits and little given

to wandering." In the southern regions, it frequents the in-shore water during the

winter season, but northward it retires from the shores in that season, putting in its

appearance in the spring, and leaving in the fall, early or late, according to latitude.
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In the north, in the words of an old ichthyologist, Dr. Mitchill, " he confines himself

strictly to the salt water, never having been seen in the fresh rivers " about New York,

and even about Charleston, Dr. Holbrook records, "it enters shallow inlets and

mouths of rivers, but never leaves the salt for fresh water." But in Florida it fre-

quently ascends the rivers and is found in purely fresh water.

Its winter quarters in the north are unknown. Professor Goode thinks that " it

is not yet possible to infer with any certainty what the temperature limits of this

species may be, but it would seem probable that they never willingly encounter water

colder than 60°, except, perhaps, in fall, when they are reluctant to leave their

feeding-grounds. The statement just made, however, requires a certain qualification.

No one knows whether the sheepshead of our northern waters goes south in winter,

or whether they simply become torpid, and remain through the winter in deep holes

near their summer haunts, their presence unsuspected. Perhaps it would be wiser to

say that they are not commonly engaged in feeding when the temperature is lower

than 60°, and that their winter habits are entirely unknown. When the water is,

throughout the year, warmer than 60°, they are constantly active."

The sheepshead's peculiar teeth are suggestive of its diet ; it " feeds almost exclu-

sively upon hard-shelled animals, molluscs and barnacles, and particularly on young_

oysters as they occur attached to

stones and sticks of wood. With
its strong cutting and grinding teeth,

and powerful jaws, it can easily rip

off thick bunches of shells, and grind

them to pieces. The ordinary bait

for it in the north is the soft-shelled

clam, while in the south it is caught

frequently by the use of shrimps

and crabs."

The sheepshead is one of the

favorite angle fishes, and has been

esteemed as such from the early days Fig. i^i.—Dipiodusprobatocepiiaius, sheepshead.

of New York. As long ago as 1814,

Dr. Mitchill wrote that "the outfitting of a sheepshead party is always an occasion of

considerable excitement and high expectation, as I have often experienced. Whenever
a sheeijshead is brought on board the boat, more joy is manifested than by the possession

of any other kind of fish. The sportsmen view the exercises so much above common
fishing, that the capture of the sheepshead is the most desirable combination of luck and

skill; and the feats of hooking and landing him safely in the boat furnish abundant

materials for the most pleasing and hyperbolical stories. The sheepshead is a very stout

fish, and the hooks and line are strong in proportion
;
yet he frequently breaks them and

makes his escape. Sheepshead have been caught with such fishing-tackle fastened to

their jaws. When the line or hook gives way, the accident makes a serious impression

on the company. As the possession of the sheepshead is a grand prize, so his escape

is felt as a depressing loss." In Mitchill's time, also, we learn that the fish was some,

times captured by spearing in the night by torch-light, in the wide and shallow bays of

Queens and Suffolk counties.

The sheepshead, we are told by Mr. S. E. Clarke, begins its labors of reproduc-

tion in March and April along the Florida shores. Before this period it had been
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going in schools, but when they are ready to spawn they scatter. The spawning is

generally effected at the mouths of rivers and inlets. " The eggs are deposited in

shallow water near the shore, and are about the size of mustard seed, and dark. At
the spawning season the fish play near the surface and become thin and unfit for food.

The young fish are abundant in shallow water among the rocks." As the sheepshead

is thin and almost unfit for food when it first appears on the northern coasts, it has

been supposed that the spawning season had passed. This, however, requires to be

confirmed.

There seems to be considerable difference in the size of the sheepshead, if we can

credit various accounts. According to Professor Goode, in the south, sheepshead

are usually small, rarely exceeding two pounds in weight ; but about New York har-

bor they sometimes weigh from twelve to fifteen pounds, though the average size is

not more than half this weight.

Other fishes related to the soup and sheepshead are the Lagodon rhomboides,

which is best known in the south as pin-fish, and several species of the genus Calamus

which are called porgee in the south.

Closely related to the Sparidae, and sometimes referred to it, are certain fishes

which may perhaps be best isolated under the name Lutjanid^. These have much
external resemblance to the Sparidse, but there are teeth on the palate, and the jaw

teeth are acute, and, what is of more importance, there are peculiarities in the skele-

ton, especially in the mode of articulation of the ribs, which at least stamp them as a

definable and natural group, whatever may be the opinion as to its value. European

naturalists have approximated the species to the Serranidfe, but they unquestionably

have more points of agreement with the Sparidse. The species are numerous in the

tropical seas, and there are not less (and probably more) than twenty-seven species, rep-

resenting eight genera, in the American seas.

The red-snapper of Florida {Lutjanus vivanus or hlackfordi) is one of the most

important and esteemed of southern fishes and has for some years been regularly sent

from Florida to New York and other cities. The color, like that of other species of

the family which inhabit waters of considerable depths, is a neai-ly uniform rose-red
;

the fins are of a brick-red ; the anal fin is angulated by its produced median rays. It

ranks among the large market fishes.

The special home of the red-snapper is on the banks and amidst the reefs of the

Gulf of Mexico, and near or along the Florida coast, and northward to the Savannah

Bank, but it is quite a traveler, and occasionally (although very rarely) individuals

are caught northward even as far as Block Island. About the Florida reefs, and as

far north as Tampa Bay, " where there are reefs and rocks, they live in holes and

gullies where aU kinds of marine animals and fish are most abundant," and numbers

may sometimes be seen congregated " about a solitary ledge protruding over a level

bottom of white sand." Such has been the experience of Mr. S. Stearns. They are

associates in such places, sometimes of the groupers {Epinephelus) and sometimes of

the southern searbass (Centropristis).

The red-snapper is a carnivorous and a voracious fish, and feeds largely on crabs

and prawns, as well as fishes. The contents of their stomachs, indeed, have furnished

a number of novelties to naturalists. The breeding season in Florida, according to Mr.

Stearns, is in May, June, and July. The eggs are deposited in the bays and at sea.

A species of Ltitjanus related to the red-snapper is the common gray mangrove

or Pensacola snapper (Z. griseus or stearnsii). The color generally is dark greenish



FISHES. 223

or grayish on back and sides, and reddish below, and in those inhabiting rather deep

water the red suffuses the whole body ; the soft dorsal, anal, and caudal are blackish

tinged with vinous ; the anal fin is rounded at its middle. It is said to be " an excel-

lent food-fish, generally thought to be superior in flavor to the red-snapper." Occa^

sionally it ascends on the coast as far as New Jersey.

A singular representative of this family occurs in the Pacific. It is the Iliplopag-

rus guentheri, and its interests lie in the fact that its anterior nostrils are at the edge

of the snout, and the palatine bones are toothless, but several molar teeth exist on the

head of the vomer. Yet in most other respects it resembles quite closely the gray-

snappers. It is a very good food-fish.

A family with numerous and striking species, the SEEEANiDiE, now comes up for

notice. These have the body compressed and generally oblong ; the scales are mod-

erate and mostly ctenoid; the head is conic, and the lower jaw projects more or less;

teeth are on the palate as well as jaws, usually in large numbers, and in most species

are interspersed large or canine teeth ; the dorsal fin, as a rule, is entire and composed

of an anterior spinous and a posterior soft portion ; the spines are pungent and nine to

twelve in number ; the anal fin is short and armed with three spines. A few only of

the numerous species, of which there are nearly 300, can be noticed.

The name-giving genus of the family (Serranus) is composed of comparatively

few species, two of which are common and celebrated Mediterranean fishes, and others

are confined to tropical waters. The two Mediterranean species are /S. cabrilla and

S. scriha.

Very nearly related to Serranus is Centropristis, containing several species found

along the eastern American coast. These all have the tail trifurcate, the middle rays

being about as much produced as the external.

The common sea-bass of the north, Centropristis furvus, is the best known
species of the genus. It is also known as the black-fish. The body is of a dusky

brown and blackish, more or less mottled with pale spots arranged in longitudinal

sti'ipes along the rows of scales. The body is robust and the fins large, the dorsal

spines being simple and rigid. It is one of the most common fishes of northern

waters and is especially found on banks in company with the porgee. It is, howe^er,

by no means confined to such places, but invades the estuaries and approaches the

shores, seeking shelter and protection under loose stones and in cavities among the

rocks. At the approach of cold weather it retires into water of greater depth and is

supposed to remain there in a torpid or quiescent state till the increasing warmth

develops its generative functions and desire for more food. It puts in its appearance

in numbers along the Massachusetts coast some time in May, although stragglers may
be caught still earlier. It is generally believed that its feeding time near shore " is dur-

ing the lull of the waters between the turn of the tides, when they are easily taken

by the angler." It is quite a voracious fish and not shy in taking the baited hook.

A very near relation of the northern sea^bass (^Centropristis atrarius) replaces it

along the southern coast.

The rock black-fish of the South, Centropristis philadelphicus is a much more slender

fish than its congeners and gayer in color. The back is. grayish, tinged with purple

reflections, and the sides are crossed by six dusky gray bars, which are continued over

the back ; the head is brown, relieved by blue stripes on the sides, especially in front

-of the eyes, and the dorsal fin is tinted with olive, and blotched by a conspicuous

irregular black spot near the middle ; the dorsal spines are elongated, and filamentous
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at the end. It is a rarer fish than its congeners, and is mostly confined to the south-

ern Atlantic coast, rarely extending northward to New York.

The genus JEpinephelus is one containing numerous species in the American

seas and elsewhere ; they are chiefly confined to the tropical and subtropical waters.

The species agree in having the interorbital space narrow, the eyes subcentral, the scales

of the lateral line simple, and the anal fin short, having only eight or nine rays. A
few wanderers sometimes extend northwards and southwards considerably beyond

their ordinary range. Such is the case with a couple of the American species.

Epinephelus morio, the red grouper, is brownish, marbled with ash, but reddish

below ; the soft parts of the dorsal and anal fins are margined with blue. It is a com-

mon fish in the south, and has long been a favorite market fish, being sent from Flo-

rida to New York and elsewhere ; but occasionally, though very rarely, it wanders

into the vicinity of New York itself. It is abundant in the Gulf of Mexico as well

as along the Florida coast, and in those regions is found throughout the year. It is a

voracious fish, and preys to a large extent upon crustaceans and fishes. Its move-

ments, according to Mr. Stearns, are rather slow, and, when hooked, it is hauled up

more like a dead weight than like a live fish. " When taken from the water, the

groujjer is remarkably tenacious of life, and will live several hours, even though ex-

posed to considerable heat ; this is one reason why the Key West fleet prefer

groupers for transportation to Cuba, since they are obliged to go a long way to mar-

ket, and through warm water, and no other fish of the kind would bear crowding and

chafing in the wells of the smacks."

Although the red grouper is indeed a large fish compared to most, often weighing

forty pounds, it is almost a pigmy compared with a related fish of this family, the

jew-fish, guasa, or Warsaw (Promicrops itaira). This fish is yellowish or oliva-

ceous, sprinkled with numerous brown spots. It is the largest of the American Ser-

ranoid fishes, and indeed there are not much more than half a dozen true fishes that

will compare with it in size. It has been said to reach the weight of seven hun-

dred pounds, although this is at least very exceptional, but it frequently attains a

weight of four hundred to five hundred pounds. Perhaps the most common popular

name is jew-fish, but, besides the other names mentioned, it is sometimes called black

grouper. It is apparently a common fish, and lives chiefly on the same spots as do

snappers and common groupers. Its voracity is in proportion to its size, and when

put in the well with other fish does great damage. The fishermen, therefore, generally

sew up the mouth before jjlacing it with others.

Another species of gigantic size, known also by the same name, jew-fish {Stereo-

lepis gigas), inhabits the coast of southern and Lower California. It also reaches a

weight of five hundred pounds, and it is chiefly found in moderately deep waters,

where it is quite abundant, especially about the islands of the coast. It is often taken

by swallowing a white-fish (the Caulolatilus princeps) when the latter is on the hook.

" Its flesh is of excellent quality, and, when small enough to be available, always

bring a very high price."

There is a small group of fishes confined to the tropical American waters, which is

noteworthy on account of the combination of characters exhibited by them. In form

and external appearance they closely resemble some of the Serranidae, but the dorsal

fin has only two or three spines, and the anal is entirely destitute of them. These

characters compel us to distinguish the group as a family under the name Rhypticid^.

The scales are smooth and covered with mucus, so as to give a very unctions feel to
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tlie body ; this peculiarity has obtained for them the name of soap-fish, by which they

are generally known. One species of the family (RhypUcus saponaceus) is mod-

erately abundant in the Caribbean Sea. Another species {Rhypticus or Promicrop-

terics bistrispinosus) is an inhabitant of the southern Atlantic coast, and one or two
others appear to occasionally wander to the borders of the United States.

There are some fishes, closely related to the Serranidse, which have, however, a

physiognomy of their own; there are two dorsal fins, the first composed of nine

spines, the second with a spine and about twelve rays ; the anal fin has three spines

and nine to eleven rays. The skull and other parts of the skeleton seem to justify

their family distinction and a special name — the Labracid^ or Roccid^.

The Labrax or DicentrarcJms lupus of Europe is a fish with a long history and
highly esteemed from ancient days. While it is most common in the Mediterranean, it

is by no means rare farther north and along the British coasts. The general name
bass (a corruption of the Dutch for perch) was early given to it in England, and that

Fig. 126. —lioccus lineatus, rock-fish, striped-bass.

name strictly belongs to it by virtue of long usage and restriction, although it has

been subsequently applied by the English colonists to numerous other fishes, most of

which have very little resemblance or affinity to the true bass.

Nearly related to the bass of England are two species, of which one occurs in the

sea (running up, liowever, into fresh waters) and one is confined to the fresh waters of

America ; these constitute the genus Hocciis. They have the operculum armed with

small straight teeth below, and the tongue has true teeth in one entire or divided patch

near the root, and lateral bands are found along the margin.

The striped-bass of New York, or the rock-fish of Philadelphia and Washington

(lioccus lineatus), is an elongated fish, olivaceous-silvery, with seven or eight longi-

tudinal blackish bands along the sides, one of which is coincident with the lateral line.

It is one of the most abundant and most esteemed fishes of the northern waters. Its

natural range is from the Gulf of St. Lawrence to Florida, although it extends occa^

sionally both northward and southward of these bounds. In fact it is found in almost

all waters whose temperature is not higher than 65° or 70°. On the other hand it is

not very sensitive to cold, and there is evidence that, when detained throughout the

winter in shallow places, it frequently enters into a state of torpidity.

As is indicated by one of the names, it affects especially the rocky shores of the

VOL. III.— 15
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bays and sounds, where it seeks after food in the form of crabs, shrimps, squids, and

small fishes. It also enters rivers and ascends for long distances, and is frequently

found in perfectly fresh water. Besides the crustaceous food alluded to, the bass

poaches upon clams and mussels, which it obtains by delving with the snout. Pei-haps

its predominant food, however, is furnished by members of its own class, for it is a

highly carnivorous fish.

The spawning season appears to be in May from North Carolina to New Jersey,

and June in New Brunswick. The eggs are very numerous ; as many as 2,248,000

eggs have been estimated in a fish of large size. The growth is quite rapid.

The size sometimes reached is very large. Mr. Goode tells us that " the largest

striped-bass on record was one weighing one hundred and twelve pounds, taken at

Orleans, Mass., in the town cove. Such a fish would be at least six feet in length."

"But in the Potomac, Hudson, and Connecticut rivers, the largest seldom exceed

thirty or forty pounds, though in the Potomac fifty-pound fish are not unusual." The

average size, however, does not exceed twenty pounds. Indeed, the average size

must be much less than that.

Few fishes are superior to the striped-bass as a food fish, " its flesh being firm,

finely flavored, and hard enough to bear exposure to the air for some time without

injury. . . . Those in the markets are chiefly obtained in seines and traps, set at various

points along the coast from the south side of Cape Cod to New Jersey."

A species related to the striped-bass occurs also exclusively in fresh water, and

especially in the great lakes and the Mississippi basin. It scientific name is liocais

chrysops, and it is chiefly known as the white-bass, but not unfrequently by the same

name as its salt-water relative, the striped-bass. It is more conijii-essed and higher

than the rock-fish, and the teeth of the base of the tongue are in a single patch. The

color is silvery, shaded with yellowish below the lateral line, and along tjie sides are

narrow blackish lines, four or five above the lateral line, one along the lateral line,-

and a variable number below. It is esteemed as a table fish as well as a game fish,

although much inferior in both respects to the rock-fish.

Two other fishes related to the European and strijicd basses are also found in

America. Both belong to the genus called Jforone, which has the spines standing

out at an angle from the lower margin of the operculum, as in the rock-fish (Hoccics),

but has no teeth on the base of the tongue, Avhile it has bands on the sides.

The common white perch, JI. amen'cana, is olivaceous on the back, and silvery

below, with very faint lighter stripes. It chiefly frequents brackish waters, and is most

common about the mouths of rivers or other streams, but it also ascends into fresh-

water streams to a considerable distance, and is found in perfectly fresh Avater, both

running and in ponds. In ponds it seems to assume a somewhat darker hue than in

the sea. It ranges from the British provinces southward into the Gulf of Mexico,

although it is rare about southern Florida. In the north it is said to "hibernate in

the deep waters of oiu- bays, and ascend the fresh tidal rivers soon after the ice and

snow water have rnn off."

Like its relative, the white perch is a greedy feeder, and affects " the spawn of

other fish, particularly that of the shad ;

" it also feeds on " insects, crabs, minnows,

and on the migratory schools of young eels which are found in the months of April

and May in great numbers at any rapid or dam, obstructing the outward flow of the

tide."

The spawning season of the white perch is May and June in the Middle and New
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England states. After spawning, " they resort to 'deeper waters to recuperate, and

all summer long are found by the angler swimming around the deep sunk pier or the

timbers of the rickety old bridge, snapping at shrimps or chasing the minnows ; at

flood tide high up amongst the water lilies, and never refusing a bait if of the right

sort and properly presented." The white-fish is a small fish compared with the rock-

fish, with which it is often associated. Sometimes, however, it reaches a respectable

size, and has been found over two pounds in weight.

The only other American form of this family is a curious species found in the

southern part of the Mississippi valley, although it occasionally extends northward to

Illinois. In shape and general appearance it is like the white perch, but has a brilliant

brassy color, tinged with olivaceous above, and on the sides are seven to nine black

longitudinal bands much larger than in any other species of the family ; those below

the lateral line are interrupted behind, so that the posterior part alternates with two

of the preceding. To this feature, the scientific name, M. interrupta, refers. A

Fig. 12T.—Morone interrupta, brass bass.

popular name is brass bass. It attains about the same size as the white perch, and is

confined apparently to the fresh waters.

The common yellow perches of Europe and North America constitute a genus

which is the type of the family Peecid^. This family formerly included almost all

of the preceding percoid types, and even by most European naturalists of to-day, the

Centropomidae, Pristipomidas, Lutjanidffi, Labracidffi, Serranidse, and Rhypticidas,

besides several others, are confounded in it. As limited by American ichthyologists,

however, it is much restricted, although it still contains numercfus species. These

have the body rather elongate, and highest near the head, the scales rather small

and ctenoid (rarely almost wanting), the lateral line concurrent with the back, the

head variable but without a keel above, two dorsal fins, the first armed generally

with a goodly number of spines (12 to 15) but sometimes with as few as six, and

the anal with not more than two spines (sometimes only one). Finally, the vertebriE

are more numerous than in the preceding families, ranging from thirty to forty-

five. (There are forty in the yellow perches.)

The species of this family are all naturally confined to the fresh-water regions of the
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northern temperate zone, and about eighty species are known. So far as size is con-

cerned, there are two groups ; one contains comparatively large species, of which
there are only three in America and about ten in Europe and Asia; the other is rep-

resented by about seventy species exhibiting some remarkable variations, and is

restricted to North America.

The common perches of Europe and America are very closely related, and consti-

tute the genus Perca, which, by successive restrictions, has been reduced from an

immense and unnatural assemblage to three species. The perches are moderately

elongate and compressed fishes, with thirteen to fifteen spines in the first dorsal,

which is entirely distinct from the second, the head without enlai-ged raucous cavities,

and the teeth small. The common European perch is the P- flumatilis ; the Ameri-

can, P. americana.

The American yellow perch is an inhabitant of many of the streams and ponds of

the eastern United States, especially to the northward. In appearance as well as

Fig. 128.— Perca amerUana, yellow perch.

habits, it is very like the European fish, but is held in much less esteem, both as a food

and game fish, in America than in Europe.

The largest and best of the PercidfB are the pike-perches, comprised in the genus

Stizostedion or Lucioperca. The body is more elongate and less compressed than in

the yellow perches, the spines of the dorsal more numerous (17 to 23), the head

broader but also without mucous cavities, and some of the teeth are much enlarged

and canine-like. Pike-perch is rather a book than vernacular name, and the most com-

mon one is pike, qualified by some prefix, such as wall-eyed, yellow, blue, or gray.

They are, however, neither like the true pike nor related to it, but on the contrary

they are closely related to the true perches.

Wall-eyed pike, yellow-pike, blue-pike, salmon, jack-salmon, glass-eye, and dory are

names in which the largest of the American pike-perches (*^. vitreum) rejoices, in

some one or other section of the United States. It is dark olive with indistinct

oblique brassy lines ; the first dorsal has a large black blotch behind, and the pectorals

ai-e dusky and plain, or without blotches. It attains a weight of ten to thirty pounds,

and a length of nearly three feet. This species, which for brevity we call glass-eye,

is one of the most important food-fishes of the lake region, and in some places ranks
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as first, though generally it is below the white-fish, and in some places below the

sturgeon. It varies in numbers at the different fishing stations on the lakes. We
have been told that " Saginaw bay produces more fisli yearly than any equal extent

of inland water in the United States," and the glass-eye, or yellow-pike as it is called

there, is notable for its abundance and excellence ; it is " the most abundant and im-

portant fish in Saginaw bay."

The species, as is indicated by its teeth, is a highly rapacious fish, and resembles

the pike in its predatory habits and armature for warfare on the rest of creation if

in no other way. Fishes of almost all kinds fall victims to it. It is also "considered

destructive to young fish and spawn." The spawning season commences from early

in spring to April or even May, according to latitude and temperature.

As already indicated, the most extensive fishery is in Saginaw bay. There, fishes

are taken both by pounds and gill nets, in spring and early summer, and again towards

the end of summer and later. In winter they are obtained by spearing them through

the ice ; in spearing them, " a decoy fish is used to lure them within reach." The

markets receive the fish fresh and salted ; when shipped fresh, they are not dressed at

all; in spring they are, to some extent, salted and sold as 'salt pickerel.'

Sanger, sand-pike, gray-pike, blue-pike, and horn-fish, are the chief designations of

a smaller pike-perch, the Stizostedion canadense. The body is more uniformly slender,

and rounder than that of the glass-eye ; the color is olive gray above, with yellowish

sides and dark mottling ; the first dorsal has two or three rows of round black spots,

but no posterior blotch ; and the pectorals have a large black ^
blotch at the base. Its average weight is about a pound, ^--^:^'^^^^^i____^^
but some run upwards till a maximum of about fifteen pounds

is reached. It is much less esteemed than its relative. ^"^ ^
. , . . -r^ . -, I. 1,. ViG.lW.— Microjiercapunctidata.

The rest of the American Percidae are or very small size,

and known under the scientific name Etheostominas, and the quasi-popular one of darters.

They are among the smallest of fishes, and one (Microperca jncnctidata) is one of half a

dozen of the smallest of known fishes, " barely attaining the length of an inch and a half,"

while the giant of the group is only eight inches long and very slender. They are by

far the most numerous of the family, about seventy species being known, all confined

to North America. They are regarded as dwarfed descendants of perch-like ancestors,

which have found protection and place by reason of their diminished size— the " moun-

taineers of fishes." In the words of Professor Forbes, " forced from the poj)ulous

valleys of the river beds and lake bottoms, they have taken refuge from their enemies

in the rocky highlands, where the free waters play in ceaseless torrents, and there

they have wrested from stubborn nature a meagre living." But they have also

descended into the streams of the plains ; mostly, they prefer clear running water.

They " lie on the bottom, concealed under stones, darting, when frightened or hungry,

with great velocity, for a short distance, by a powerful movement of the fan-shaped pec-

torals, then stopping as suddenly ; they rarely use the caudal fin. When at rest they

support themselves on their expanded ventrals and anal fin." This, Professors Jordan

and Gilbert, to whom we are indebted for much of our knowledge of these lowly

forms, tell us.

By far the largest of all the darters is the Percina caprodes. This is almost the

only one that has received vernacular names. It is variously known as the log-perch,

hog-fish, and rock-fish. It is more like a perch than any of the other species, and is

the only one large enough to take a hook, but it is valueless.
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Fig. 130. — Etheostoma lineolataj striped
darter.

We can only pause to mention several species which may give an idea of the range

of variation in the family.

The Etheostoma lineolata, or striped darter, is a typical form of the group ; as

the name indicates, it has lines of color along the longitudinal rows of scales. It has

been said to be " one of the most singular and handsome of the darters." It inhabits

the streams of the west, from Indiana to Minnesota.

The 3Iicroperca pimctulata, or least^darter, is noteworthy as being the smallest

species of this group of small fishes. It abounds in

the clear streams of the northwestern States, and only

srrows to a length of an inch and a half.

The Animocrypta pellucida, or sand-darter, is an

Ohio valley fish. It and its immediate relatives differ

from most of the family in preferring " a sandy bottom,

where, by a sudden jilunge, the fish buries itself in the sand and remains quiescent for

hours at a time, with only its eyes and snout visible."

Another family of special interest to the American naturalist is known as Cen-

TEAECHiD^. It is to this that the species called sun-fish, rock-bass, and black-bass

belong. They are all inhabitants of the fresh water, and most of them have a pecu-

liar form by which they may be readily distinguished from at least all other American

fresh-water fishes. The body is compressed and oval, balanced ^o that there is no

greater projection upwards than downwards, except perhaps at the front of the back.

The lateral line is continuous and concurrent with the back. The head is of moderate

size ; the nostrils are normally double ; the cheeks and opercula are scaly ; and the

operculum generally ends in a rounded flap, but sometimes, though rarely, in a

spinous one, as in the black-bass ; in any case there is a black spot on the posterior

extension of the operculum, and the extension is often such as to remind one of an ear

;

often the black is bordered by red or yellow, and then it presents a very striking

appearance. The dorsal fin is long, and generally there are ten spines and ten rays

;

rarely, as in the black bass, there are twelve or thirteen rays, and in one type the

spines are reduced to six or eight. The anal fin is just opposite and like the soft

part of the dorsal fin, or, sometimes, obliquely placed and nearly as large as the entire

dorsal fin. There are some interesting features in their habits. All the species con-

sort together in pairs during the breeding season, and are very domestic; they clean

a circular spot of ground near the shore, where the female lays her eggs, and male and

female guard this nest with care, and cour-

ageously drive off intruders. Nearly fifty

species of the family are known, which are

distributed among ten genera.

The black-basses are the least specialized

type of the family, and represent the genus

called by American ichthyologists Micropterus, and by Europeans— at least for-

merly— Grystes and Huro. This genus is distingui?;hed by the comparatively

elongate form of the body, the low dorsal, and especially the slight development of

the spines, which decrease to the soft portion, leaving a considerable emargination

between the bulk of the spinous and the soft portions. The operculum has a spini-

forra projection ; the mouth is large, and the caudal emarginated. Two species of

this genus are generally recognized, the large-mouthed black-bass {M. salmoides) and

the small-mouthed species {M. dolomieu). These resemble each other very much, and

^S
^^^^^%

Fig. 131.— Ammocrypta pelliieida, sand-darter.
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the habits are the same, but they may be readily distinguished by attention to a few

characters, and these few arc co-ordinated with a number of others.

The large-mouthed blaclc-bass {M. salmoicles) has the mouth deejsly cleft, so that

the maxillary of the adult extends back of the orbit ; the scales are quite large, there

being sixty-five to seventy in the lateral line, and the number of rows between the

lateral line and the back is only seven or eight. The distribution of this form is very

wide, and it extends from the Britrish provinces southward in one direction to Florida,

and in another direction into Mexico. The small-mouthed black-bass (31. dolomieu)

has the mouth comparatively small, and the maxillary of the adult does not extend

beyond the orbit ; the scales are considerably smaller, there being seventy-two to

seventy-five along the lateral line, and as many as ten or twelve rows between the

lateral line and back. It does not extend north of the region of the great lakes, and

is not known to reach farther south than South Carolina and Arkansas. In most

places it is associated with the large-mouthed species. It does not, as a rule, reach as

large a size as its relative.

The black-basses, like the other members of the family, prepare nests and take

Fig. 132.

—

Micropterus salmoides, large-mouthed black-bass.

zealous care of the eggs and young. The sexes begin to pair about the commencement
of hot weather. They then select suitable spots for their nests, " usually upon a gravelly

or sandy bottom, or on rocky ledges, in water from eighteen inches to three feet in

depth in rivers, and from three to six feet deep in lakes and ponds ; and, if possible,

adjacent to deep water, or patches of aquatic plants, to which the parent fish retire

if disturbed. The nests are circular, saucer-like depressions, varying from one to three

feet " in diameter, or about twice the length of the fish. They are " formed by the bass,

by fanning and scouring from the pebbles all sand, silt, and vegetable debris, by means
of their tails and fins, and by removing larger obstacles with their mouths. This gives

to the beds a bright, clean, and white appearance, which in clear water can be seen at

the distance of several score yards." When the nests are thus prepared, the females de-

posit their eggs on the bottom, " usually in rows, which are fecundated by the male, and
become glued to the pebbles or sticks contained therein. The eggs are hatched in

from one to two weeks, depending on the temperature of the water, but usually in

from eight to ten days."

During the period of maturation, " the nests are carefully guarded by the parent
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fish, who remain over them, and, by a constant motion of the fins, create a curi-ent

which keeps the eggs free from all sediment and debris. After the eggs are hatched,

and while the young remain on the nests, the vigilance of the parent fish becomes

increased and unceasing, and all suspicious and predatory intruders are driven away."

After escaping from the egg, "the young fry remain over the bed from two to seven

days," after which they " retire into deep water, or take refuge in the weeds, or under

stones, logs, and other hiding-places."

The growth of the bass dejjends upon the warmth of the water and the quantity

of food ; when the latter is plentiful they gi-ow very rapidly. They attain maturity

in about three years. The maximum size varies for the two species. The large-

mouthed black-bass occasionally reaches a weight of about fourteen pounds, but in the

north six to eight pounds are the largest that would be likely to be found. The small-

mouthed bass never reaches so large a size, and, indeed, is not found in the regions where

the large-mouthed species attains its greatest size. " The maximum weight of the

small-mouthed form of the north and west may be said to be four or five pounds."

Both species of black-bass a,re ravenous feeders, and attack almost all kinds of fish.

Fig. 133.— Mia'opi&'us dolomieu, small-mouthed black-bass.

and those nearly their own size are not exempt from danger. They are even a formi-

dable enemy of the pike, and when a bass and pike of equal size are pitted against

each other, the chances are in fa\or of the bass. These fishes, therefore, are not suita-

ble for introduction into small ponds, as they would soon depopulate the water.

It is asserted that in the north the "black-bass undoubtedly hibernate," and,

according to Dr Henshall, " it has been proved, in numerous instances, that they bury

themselves in the mud, in the crevices of rocks, under masses of weeds, or sunken

logs, in the deepest water, and remain dormant until spring." In the south hiberna-

tion is not effected, and they may be caught throughout the year.

The black-basses are among the finest game fish in America, and are peculiar to the

continent. So highly, indeed, are they esteemed for their game qualities, that a well-

known English sporting writer, Parker Gillimore, considered one of them to be the

superior of the trout, " for he is equally good as an article of food, and much stronger

and more untiring in his efforts to escape when hooked." An excellent volume has

been devoted to a desci-iption of its gaminess, by Dr. Henshall, in his " Book of the

Black-Bass," from which our figures are taken. Dr. Henshall informs us that "the
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black-bass is eminently an Anaerican fish, and has been said to be representative in his

characteristics. He has the faculty of asserting himself and making himself com-

pletely at home wherever placed. He is plucky, game, brave, and unyielding to the

last, when hooked. He has the arrowy rush and vigor of the trout, the untiring

strength and bold leap of the salmon, while he has a system of fighting tactics pecu-

liarly his own. He will rise to the artificial fly as readily as the salmon or the brook

trout, under the same conditions, and will take the live minnow or other live bait

under any and all circumstances favorable to the taking of any other fish." Finally,

Dr. Henshall considers him, " inch for inch and pound for pound, the gamest fish that

swims. The royal salmon and the lordly trout must yield the palm to a black-bass

of equal weight." That he will eventually become " the leading game fish of

America " is Dr. Henshall's oft-expressed opinion and firm belief.

It need scarcely be added that the sj)ortsmanlike way of obtaining the black-bass

is by the fly, but they are often caught by trolling, and indeed, being such bold and

eager feeders, they may be caught in almost any of the ways which anglers are wont

to use for catching other fresh-water fishes.

Whilst the black-basses are imequalled in their family as game fishes, there are sev-

eral others that give sport— and a good deal of sport— to the boy anglers, although

at a great distance behind the black-bass. A species called rook-bass {Ambloplites

rupestris) has somewhat the external aspect of the black-bass, but its dorsal and anal

fins are much more developed, the body shorter and deeper, and the pterygoids are

armed with villiform teeth. The rock-bass is common from the region of the Great

Lakes southward to Louisiana and west of the Alleghanies. It is a bold biter, and is

of some value both as a food and game fish. Only a single species of this family

occurs on the Pacific slope, the Archoplites interruptus. It is much like the rock-bass

just described, but has seven branchiostegal rays, which no other member of the fam-

ily, except sometimes the black-bass, shows. It attains a considerable size, frequently

being found a foot long, or even more. It is confined to the Sacramento and San

Joaquin rivers, and in them is abundant.

Passing over other species, we reach the sun-fishes, or pumpkin-seeds. These

form a group very striking on account of the distribution of colors, and the strong

contrasts afforded by the contiguous colors. The operculum is .always produced into

a large rounded or ear-like lobe, which is quite black, sometimes through its whole,

extent, but often there is a border of lighter (blue, red, oi- yellow) behind. A num-

ber of species of this type are found in the Mississippi valley, but in the fresh waters

of the eastern states only two or three species occur.

The most common sun-fish of the New England and middle states is a species

(jLepomis gibbosits) distinguished by the rather short opercular lobe, whose border

behind is decorated with scarlet in its upper part, and yellow in the lower part. The

body is greenish-olive, more or less shaded with bluish, and variegated with spots and

blotches of orange, while the belly is of a bright orange color ; the cheeks are brown-

ish orange, and marked with several wavy-blue streaks. There is no handsomer fish

in the American streams. There is also no fish better known to the boys, and none

more attractive in its habits than this. In the summer it may be seen in pairs near

the banks of ponds, and such are guarding their eggs or young. It is almost exclu-

sively angled for with earth-worms.

A species nearly equally common, and in some places more common, although less

universally distributed in the cast than the species just mentioned, is one that has
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been called the long-eared sun-fish {Lepomis auritus). The body is more oblong

than the common sun-fish, but what distinguishes it especially is the elongation of

the opercular lobes, which extend far backwards, and are of a jet black coloi\ The
body itself is olive on the back and sides, but the belly is a brilliant orange-red. It

reaches a length of about eight inches.

Still another species (X. paUidits), known as the blue sun-fish, or copper-nose

bream, and, rarely, doUardce, is common in the lake region and some of 'the western

streams of New York, and thence it extends almost all through sections of the Union

west into the Mississippi valley. It 'is indeed one of the most widely-dispersed of

the family, and, where it occurs, one of the most abundant. It is, however, found in

very few streams in the New England states. The body is much like that of the

common sun-fish, being short and deep, but the opercular flap is about as long as wide,

and without any brighter colored edge. It attains a length of about eight inches, and

sometimes more.

Two smaller species of the family deserve notice, being remarkable for form

and colors ; both, unlike most others of the family, have the caudal fin convex

behind.

The Enneacanthics obesns is distinguished by having nine dorsal spines, and by its

dark cross-bands. It is rarely more

than three inches long. Its favorite

haunts are sluggish streams not far

from the coast and amongst water

plants.

The Jfc'soffoiiisthis chcetodo7i,

like most of the family, has ten

dorsal sj:)ines, but is peculiar in the

extension of these, at or toward

the middle, into nn angle, as the

generic name indicates.. Its color

is very striking, as the illustration

shows, and has suggested the gay

colors of the tropical Chffitodonts. It resorts to nearly the same places as the

^nneacanthus.

The last of the family that require notice are two species which are distinguished

by the strongly-compressed body, the concave and projecting snout, and especially the

structure of the dorsal and anal fins. These are nearly equal in size, and are obliquely

opposed to each other, the anal reaching further back than the dorsal ; the dorsal fin

has six to eight spines, and about fifteen rays, and the anal six spines and seventeen or

eighteen rays. This character of the small number of spines, and consequently the

abbreviation of the spinous portion of the dorsal fin, is unique in the family. The

color is olive, mottled with dark green, but assuming a more or less brass-like hue,

while dark marks or spots are scattered over the body ; the operculum, which is

pointed, has a dusky spot, but much less distinct than in the other representatives of

the family. Such are some of the characteristics of the genus Pomoxys. Two spe-

cies of the genus are known.

The P sparoides is comparatively high, and has seven or eight dorsal spines. It

is known under the names of calico-bass, grass-bass, strawberry-bass, and bar-fish, and

is a common species in the great lakes and the upper Mississippi valley, as well as the

Fig: 134. — Enneacanthus yuttatus, bream, pumpkin-seed.
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southern Atlantic States to Florida. It reaches a length of twelve inches, and is

prized as a food fish.

The P. annularis has a more elongate body than its relative, and only six dorsal

spines. It is known as the crappie, new-light, Campbellite, and bacheloi-, and is an

abundant fish in the Mississippi river, especially southward. Like its congener it is

regarded as an excellent table fish. The names new-light and Campbellite are due
to the fact that it became abundant and the subject of observation when the religious

denomination bearing those names originated.

There are some other families which belong to the series of Percoideous fishes,

such as the M^nid^, Ambassid^ or Bogodid^, Pimelepteeid^, and Chilodip-

TEEiD^ or Apogmidjs, but they do not demand special notice here. We therefore

hasten to another series generally known as the Pharyngognathi.

The distinctive feature of the PHARYNGOGNATHI is that the lower pharyngeal

bones, which are just behind the gill-arches, are consolidated together, instead of being

Fig. 135. — Mesogonistius chmtodon.

separate as in most fishes. For this reason, and this only, European writers, following

the great Mtiller, have generally isolated them as a peculiar order, but there does not

appear to be any warrant for such a step, and two of tlie fishes which have been

noticed a few pages back— the drum-fishes, of the family of Sciasnidas— have the

corresponding bones as much consolidated as a large portion of the Pharyngognathi

and yet, on account of their likeness to the other Scia3nida3, no one has ventured to

remove them, even from the same family. It is to be understood, then, that the Pharyn-

gognathi form a merely conventional and artificial grouji.

The first of these pharyngognathous fishes which wc shall consider form the family

CiCHLiD^, or, as they are generally called, Cheomidid.e. Many of these look as

well as act much like sun-fishes. The body is oblong, rarely elongated ; the scales

are rather large ; the lateral line generally becomes interrupted, the head is diversi-
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form, and the nostrils single ; the dorsal is armed with numerous spines, and the anal

is also often possessed of many spines, never with less than three. The species are

numerous, and naturally confined to the fresh waters of tropical and sub-tropical

America and Africa, although the species of two genera have broken their African

bonds, and extended and developed in the neighboring ])ortion of Asia.

The CichlidsB are interesting on account of their range of variation, their various

peculiarities of structure, and their habits. Probably all take care of their young,

and some have a very peculiar way of doing so. The male parent takes the newly

laid eggs in his mouth, and there they mature and hatch. Species of three genera, two

African
(
Tikqna and Hemichromis) and one American

(
Geophagus)., exercise this

peculiar mode of incubation or oral gestation.

Africa is the headquarters of the genus Tilapia, (formerly called Chromis), that has

been considered to be the type of the family Chromididse or Cichlidae, but the genus

has become extended into contiguous portions of Asia and is represented by not

less than seven species in Palestine. The species have an oblong body and in aspect

considerably resemble a sunfish ; the teeth are in several rows, compressed and lobate,

and much larger in the outermost row ; the dorsal fin has fourteen to eighteen spines,

the anal only three. The celebrated bolti of the Nile ( T. niloiica) belongs to the

genus and is also found in Palestine, in Lake Tiberias, and in this same lake is

found another species
(
T. simotiis) dedicated to the apostle Simon or Peter. If we

must get hold of that fish out of whose mouth the apostle got the tribute-money,

(and the task has often been attempted) this is as good a one to identify with it as any.

If it lacks a spot behind the shoulders, many species of the family have one. At any

rate, the species is peculiar to the Jordan system, and, as far as known, is restricted

to lakes Tiberias and Huleh.

Dr. Lortet has given us some interesting observations on the propagation of T.

simonis, which are worthy of being transcribed.

" The sj)awn is of the size of No. 4 shot, of a rich deep green. The female de-

posits about two hundred eggs in a little excavation which she works out among the

rushes and roots. When she has completed her labor, she appears exhausted, and

remains motionless at a little distance. The male, on the contrary, appears much
agitated, turns himself about the spawn, swimming constantly above them, and pro-

bably fecundates them at this moment. In a few minutes afterwards he takes the ova

one after another into his mouth, and keeps them in the buccal cavity against his

cheeks, which then appear swollen in an extraordinary manner. Some of them, how-

ever, escape through his gills. The ova, though they are not attached by any mem-
brane, nor by any glutinous matter whatever, remain very securely in his mouth, and

are never dropped while he is in the water. It is only when he is thrown out on the

sand that, in the struggle of his death-agony, they fall out, many however, remaining

even then in his mouth.

"In this novel hatching-oven, the eggs, during several days, undergo all their met-

amorphoses. The little ones rapidly increase in size, and appear to be much incom-

moded in their narrow prison. They remain in great numbers, jDressed one against

another, like the grains of a ripe pomegranate. The mouth of the father-nurse now
becomes so distended by his progeny, that his jaws cannot meet. The cheeks are

swollen, and the animal presents the strangest appearance. Some of the young,

arrived at their perfect state, continue to live and develop among the folds of the

branchi;e. Others have their heads turned towards the mouth of the parent, and do
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not quit the sheltering cavity till they are about four inches long, and sufficiently

active and nimble to escape their nurnerous enemies."

Another species of Tilapia (7\ tiberiadis), abundant in the lake or "sea of

Galilee," is worthy of mention for its bearing on the miraculous draught of fishes

recorded in the Scriptures. The notes on the abundance of the species by Canon

Tristram are well worthy of reproduction.

" This fish, peculiar to the Jordan and its aflluents alone, is found in the most amaz-

ing numbers from the lake Huleh to the head of the Dead Sea. It is by far the most

abundant of all the species in the lakes. I have seen them in shoals of over an acre

in extent, so closely packed that it seemed impossible for them to move, and with

their dorsal fins above the water, giving at a distance the appearance of a tremendous

shower pattering on one spot of the surface of the glassy lake. They are taken both

in boats and from the shore by nets run deftly round, and enclosing what one may
call a solid mass at one swoop, and very often the net breaks. They are also taken

in large quantities by poisoned crumbs thrown from the shore on to the surface of the

water. By casting-nets hundreds are often taken at once.

"This species especially is carried down at the mouth of the Jordan by thousands

into the Dead Sea. The fishes never get further than a few yards, when they

become stupefied, and soon turn over on to their backs, while cormorants and king-

fishers, perched on the snags or floating logs, gorge themselves without effort, and

often heaps of putrifying carcasses washed on the shore poison the atmosphere, and

afford a plenteous feast to the ravens and vultures."

One species of the family enters into the southwestern portion of the Union.

It belongs to the genus Heros, which likewise resembles a suii-fish superficially ; the

teeth are conical and in a band on both jaws ; the dorsal fin has fifteen to eighteen

spines, and the anal five to nine. This genus has about forty species, and is the pre-

dominant one of the family in the rivers and lakes of tropical America. The only

one, however, that occurs within the limits of the United States is Heros cyanogut-

tatus ; it lives in the fresh waters of Texas.

Closely related to the Cichlidse, but inhabitants of the salt water, are numerous

tropical fishes, constituting a peculiar family—^the Pomacentkid^. Most of them

are decorated with brilliant colors, and are of small size, rarely exceeding a few inches

in length. One of the largest as well as northernmost of the family is a species occur-

ring along the southern Californian coast, and known as the gold-fish, red-perch, and

Garibaldi— the Ilypsypops riMcundus. When adult it is of a nearly uniform deep

crimson or orange. It often becomes a foot long, and attains a weight of about three

pounds. It is, however, of. little value, as it is not esteemed for the table.

The most important and widely dispersed of the Pharyngognathous families is the

Labeid^. These are mostly of an oblong form, with the scales smooth and generally

large, and often long and pointed on the tail, but in the northern forms they are small

;

the lateral line is generally interrupted, or abrup)tly bent behind ; the head varies ; the

nostrils are double ; the teeth conic, or rarely compressed, and not imbricated ; the

dorsal is single, with a long sj)inous and shorter soft portion ; the anal has three or

(rarely) more spines. The upper pharyngeal bones are distinct. The species are very

numerous, nearly four hundred having been described. They are most abundant and

diversified in the Indo-Pacific seas, and are very prominent there by their diversity and

often singularity of form and gay colors. The northern species are distinguished by

their small scales and the increased number of dorsal sj^ines, as well as of vertebrsie.
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Of the LabrinsB two genera occur in the European seas, and two along the northern

coast of the United States.

The wrasses of Europe constitute the genus Labrus, which has given name to the

family.

The tautog or black-fish is the only known representative of a peculiar genus—
Tautoga or Hiatula— and has been known longer than most of the American fishes ; it

is named T. onitis. Its teeth are in two rows, the gill-co\ers naked, and the preoper-

cle entire along its edge ; when old it is blackish, but diversified with lighter shades.

The tautog reaches a tolerably large size, sometimes as much as twelve to fifteen

pounds ; but such a weight is quite exceptional.

The range of the tautog is from ]Maine to South Carolina. It is a lover of rocky

shores, and water of about the depth of six to eight fathoms, but of coui-se is not con-

fined within such limits. It puts in an appearance on the coast at the commencement
of moderately warm weather, and retires with its termination into deeper waters. It

Fig. 136. — Tautoga onitis, tautog.

is quite sensitive to cold, and is said to hibernate ; the belief is general among well-

informed fishermen that the vent also closes for the cold season. .

The flesh of the tantog is excellent, being " white, dry, and of a delicate flavor."

The tautog is caught mainly in pounds and weirs, but also to a large extent by hook

and line ; its capture for the eastern markets, according to Mr. Goode, is " chiefly

accomplished by the line fishermen of southern Massachusetts and Rhode Island, and

the weir fishermen of the same district," but "no one fishes for tautog alone." But

Mr. Goode adds that " at least two hundred fishermen are entu-ely or partly engaged

in this business between Cape Cod and Kew York."

The catch in Narragansett Bay averages about six thousand pounds to each man
for the entire season. Further westward, at Noank, Conn., there is a special late fishery,

wliich lasts from the middle of Octobei" to early in December ; about twenty-five men
are engaged in it, who take eacli about one thousand p)ounds.

As an angle fish, also, the tautog is esteemed, but it cannot be truly called a game
fish. Along shelving coasts it is sought for in " a boat anchored among the reefs or

near wrecked vessels;" but, says Mr. Goode, "angling for tautog from rocks is a

favorite pursuit of amateur fishermen all along the coast, particularly about New York,

where there are precipitous shores, the angler standing upon the rocks."
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An equally well known but far less valuable fish than the tautog is the species

variously called burgall, cunner, chogset, blue-fish, blue-perch, sea^perch, and nip-

per,— the Ctenolabrus adsj>ersus of most ichthyologists. Its teeth are numerous,

and in a moderately broad band ; the gill-covers are scaly, and the preopercle has a finely

serrate margin. The color varies, but it is mostly brownish-blue more or less suffused

with yellowish. It is to be ranged among the rather small fishes, for one of two jjounds

is almost unknown, and the largest that Mr. Goode had seen was a female ten and

a half inclies loiig, and weighing twelve ounces. Its habits are not unlike those of

its large relative, the tautog.

Several otiier Labridas occur along, the southern and Pacific coasts, but they are

outliers of tropical forms.

There are certain fishes found throughout the tropical seas, and generally known
to English-speaking peoples as parrot-fishes. A species of this group has an excep-

tional range, being found quite abundantly in the Mediterranean Sea, and it was the

most esteemed fish of the ancients, — Greeks as well as Romans,—by whom it was

called /S'cart^.s. This name, taken for a " genus " of ichthyology, has given name—
ScAEiD^— to a family. The species are unusually uniform in their characters. All

have the body oblong, the scales large, and in about twenty-four cross rows, the

lateral line interrupted, the head compressed and subovate, nostrils double, the jaw-

bones prominent, naked, and overlaid, more or less, with imbricate teeth, the dorsal

with ten spines and nine rays, and the anal with two spines and nine rays. The upper

pharyngeal bones have been said to be consolidated into a single piece, but they are

really separate, although the teeth of the two interlock and would naturally give the

impression that the bones were double ; they have a sliding articulation with the

approximated branchihyals. Over one hundred species are known, and the favorite

haunts of most are the coral banks and groves of the tropics. On these they browse,

and their colors are gay and accommodated to their surroundings. The species gen-

erally attain a considerable size.

The Scarus of the ancients, known as Scaro to the modern Greeks, Scarus or

Sparisoma scarus, is the most northern species of its family. Its diet is correspond-

ingly modified, for it feeds chiefly on Fucits, which it finely comminutes before passing

it into the stomach. It was a fish which poetic enthusiasm proclaimed to be such a

delicacy that the gods themselves were unwilling to reject even the excrements. Its

flesh is said to bs " tender, agreeable, sweet, easy of digestion, and quickly assimilated."

It was also the first fish, so far as written I'ecords, go which piscicultural art diffused.

We are told by Pliny that, in the reign of the Emperor Claudius, a Roman named

Optatus Elipertius had a lot of living fish brought from the Troad and released in the

Italian sea. There for five years they were protected, and when any were caught in

nets or otherwise they were delivered again to the sea. The result of such endeavor

and care was a subsequent abundance of the species about the region and an enlarged

range.

Several species of Scaridse occur along the coast of Florida.

Two other families belong to the same group or superfamily, Labroidea, as the

Labridae and Scaridse, but only their names— Odacid^ and SiPHOjroGNATHiDiB— need

be mentioned here.

In the waters of California are found fishes of the ordinary form, but remarkable

for their viviparity, known scientifically as the Holcoj^otid^ or Embiotocidje. The

body is compressed, and generally oval, more or less resembling that of the white
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perch or sun-fishes ; the scales are cycloid, of moderate size, and the lateral line is con-

tinuous and parallel with the back ; the head is rather short and small, and the mouth
is also small ; the teeth are generally conical, but in some forms compressed or blunt

;

the dorsal fin is single, and armed \yith from eight to eighteen spines, and the whole folds

into a groove on the back ; the anal fin is elongated, and has three moderate or small

spines. The Pacific waters of the United States are the great headquarters of the

fishes of this family, but a couple of species have also been found in Japan ; and in-

deed the Japanese species was the first described of the family ; its viviparity, how-

ever, was not known until long afterwards. California had been for some years in

possession of the Americans before auy of these fishes were made known. In 1854,

for the first time, several species of the family were sent to Prof. Agassiz, and de-

scribed by him. The wonder excited at that time by the viviparity of fishes of such

a form was great, and was bruited far and wide in the periodicals of that day. There

are now known about twenty species of the family, referable to about a dozen genera.

The species imhaj^pily have no characteristic names of their own, but the Anglo-

American settlers of the California coast gave to them some derived from the east, or

still earlier from England, all belonging originally to fishes having no relation what-

ever to the viviparous species of California, and having but a very superficial likeness

even. Perch and porgee are the terms most current ; the former being given to the

smaller species of the familj', and the latter to the larger species ; but on some parts of

the coast, and especially about Monterey, surf-fish is in common use, and inasmuch as

this is not preoccupied, it would be the best for adoption, and has been accepted by

Professor Goode, who calls the Embiotocidoe " the surf-fish family."

The surf-fishes are mostly of small or medium size. The largest of the family,

Hhacochihcs toxotes, attains a length of only about eighteen inches, and a weight of

about five pounds. The smallest species is the Abeona minima^ which scarcely ever

exceeds a length of four or five inches. All of the species are viviparous, and the

ovaries are peculiarly modified in accordance with this feature. From ten to

twenty is the number of young. The concourse of the sexes probably takes place

in the fall, and it is said that the male and female come together with the ventral sur-

faces pressed against each other, and the heads of the sexes in opposite directions.

In January the pregnant females have well-grown young, generally about half the

size of the new born, and even at this time the young readily slip from the ovary, and

the fish-stalls in the markets are apt to be littered with the foetal fish expelled from

their mothers.

The surf-fishes are not much esteemed as food, the flesh being water}', flavorless,

and much inferior to the other prominent fishes of the Californian markets. Only

their abundance and consequent cheapness commend them to many, but great quan-

tities are consumed by the Cliinese.

The largest of the surf-fishes {Rhacochilus toxotes), called alfiona at Coquel, sprat

at Santa Cruz, and elsewhere simply perch, has the scales rather numerous, the teeth

in a single row in each jaw, the lower lip free all around, and its free fold thickened

and slashed or cut behind. It is in allusion to this slashing of the lips that the name

JRhacochilus has been given. "It ranges from San Pedro to Cape Mendocino, and

is generally common, although not nearly so abundant as some of the others. As a

food fish it is considered the best of this very indifferent group."

Porgee is the name given to a moderately large meuiber of the family {Damal-

ichthys vacca) in Oregon and Washington Territory, while in California it is known as



FISHES. 241

the perch, or white perch. The scales are in this species also rather small, and the

teeth uniserial in each jaw, but it is distinguished from all the other members of the

family by the peculiar lower pharyngeal bones, that is the bones immediately behind

the gill arches ; these are very large, behind convex, and sloping downwards, with the

anterior teeth truncated and tessellated, and the posterior flattened, imbricated, and

pi'essed forwards. The species attains a weight of about two and a half or three

pounds. It ranks as second to the alfiona as a food fish.

Two other species, congeneric with the Japanese fish, are known as the black surf-

fish, and reach a weight of from two to two and a half pounds. One of these,

Ditrema lateralis, is " an important food fish, although not of very good quality
;

"

while the other, D. jacksotii, is probably brought into San Francisco market "in

greater numbers than any other species," although it is " an indifferent food fish."

Perhaps the most abundant of all the surf-fishes is the little Cymatogaster aggre-

gatus, which is generally known as shinei*, but on Puget Sound is called minny, and

by the Italians of California, sparada or sparad. All the preceding species feed upon

crustaceans, or such small fishes as they can take, but there is one species peculiar in

its diet. The Abeoiia aurora is distinguished by a peculiarity in dentition concomi-

tant with a peculiarity in food. It is said to feed upon sea plants or algae. It reaches

a weight of about a quarter of a pound.

The surf-fishes are all inhabitants of the sea, save one species, which is confined to

fresh water. The liysterocarpus traski, which is known as the river perch, is a

species distinguished by the great extent of the spinous portion of the dorsal fin, which

is longer than the soft, and composed of sixteen to eighteen spines. The scales are

large, and the teeth conical and uniserial. It reaches a weight of about half a pound.

It is only found in the Sacramento and San Joaquin Rivers, and other streams of Cali-

fornia as far southward as San Luis Obispo. " It is sent in small numbers to the

markets of San Francisco, and is chiefly eaten by the Chinese."

One of the most remarkable groups of fishes has its headquarters in India, though

a few species are found in Africa. Their peculiarity is chiefly exhibited in the com-

plication of the pharyngeal bones and the contiguous parts. In allusion to this compli-

cation the group was long ago called by Cuvier the fishes with labyrinthiform

pharyngeals.

The upper elements of one of the pairs of the gill-bearing arches are peculiarly

modified. The elements in question (called branchihyal) of each side, instead of being

straight and solid, as in most fishes, are excessively developed and provided with

several thin plates or folds, erect from the surface of the bones and the roof of the

skull, to which the bones are attached. These plates, by their intersection, form

chambers, and are lined with a vascular membrane, which is supplied with large blood

vessels. It was formerly supposed that the chambers referred to had the ofiice of

receiving and retaining supplies of water which should trickle down and keep the gills

moist ; such was supposed to be an adaptation for the sustentation of life out of the

water. The experiments of Surgeon Day, however, throw doubt upon this alleged

function, and tend to show, (1) that these fishes died when deprived of access to

atmospheric air, not from any deleterious properties either in the water or in the

apparatus used, but from being unable to subsist on air obtained solely from the water,

aerial respiration being indispensable
; (2) " that they can live in moisture out of the

water for lengthened periods, and for a short but variable period in water only ; " and

(3) that the cavity or receptacle does not contain water, but has a moist secreting

VOL. III.— 16
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surface, in which air is retained for the purpose of respiration. " It seems probable

that the air, after having been supplied for aerial respiration, is ejected by the mouth,

and not swallowed to be discharged per anum." In fine, the two respiratory factors

of the branchial apparatus have independent functions, (1) the labyrinthiform, or

branchihyal portion, being a special modification for the respiration of atmosplieric air,

and (2) the gill filaments discharging their normal function. If, however, the fish is

kept in the water, and prevented from coming to the surface to swallow the atmos-

pheric air, the labyrinthiform apparatus becomes filled with water which cannot be

discharged, owing to its almost non-contractile powers. There is thus no means of

emptying it, and the water probably becomes carbonized and unfit for oxygenizing the

blood, so that the whole of the respiration is thus thrown on the branchiae. This will

account for the fact that when the fish is in a state of quiescence it lives much longer

than when excited, whilst the sluggishness sometimes evinced may be due to poisoned

or carbonized blood. Figures of the labyrinthiform apparatus of three genera

(Anabas, Macropodus, and Osphromenus), here given, will convey some idea of its

relations and modifications. The fishes with labyrinthiform pharyngeals have been

generally combined in one family; but some authors recognize three, the Anabantidse,

Osphromenidae, and Helostomidag.

The Anabantid^ include those species which have the mouth of moderate size

Fig. 137. — Gill labyrintlis of Anabas^ Macropodus, and Osphromenus.

and teeth on the palate (either on the vomer alone, or on both the vomer and palar

tine bones). To the family belongs the celebrated climbing-fish.

The climbing-fish {Anabas scandens) is especially noteworthy for the movability

of the sub-operculum. The operculum is serrated. The color is reddish olive, with

a blackish spot at the base of the caudal fin ; the head, below the level of the eye,

grayish, but relieved by an olive band running from the angle of the mouth to the

angle of the pre-operculum, and with a black spot on the membrane behind the hinder-

most spines of the operculum.

The climbing-fish was first made known in a memoir, j)rinted in 1797, by Daldorf,

a lieutenant in the service of the Danish East India Company at Tranquebar. Dal-

dorf called it Perca scandens, and nffirmed that he himself had taken one of these

fishes, clinging by the spine of its operculum in a slit in the bark of a palm {Borassus

flabelliformis) which grew near a pond. He also described its mode of progi"ession

;

and his observations were substantially repeated by the Rev. Mr. John, a missionary

resident in the same country. His positive evidence was, however, called into ques-

tion by those who doubted on account of hypothetical considerations. Even in

popular works, not generally prone to even a judicious skepticism, the accounts were
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stigmatized as unworthy of belief. "We have, however, in answer to such doubts, too

specific information to longer distrust the reliability of the previous reports.

Mr. Rungasawmy Moodeliar, a native assistant of Capt. Jesse Mitchell of the

Madras government Central Museum, communicated to his superior the statement

that " This fish inhabits tanks or pools of water, and is called Panai feri, i. e., the

fish that climbs Palmyra trees. When there are Palmyra trees growing by the side

of a tank or pool, when heavy rain falls and the water runs profusely down their

trunks, this fish, by means of its opercula, which move unlike those of other fish,

crawls up the tree sideways [t. e., inclining to the sides considerably, from the verti-

cal] to a height of from five to seven feet, and then drops down. Should this fish be

thrown upon the ground, it runs or proceeds rapidly along in the same manner (side-

ways) so long as the mucus on it remains."

These movements are effected by the opercula, which, it will be remembered, are

unusually mobile in this species ; they can, according to Capt. Mitchell (and I have

verified the statement), be raised or turned outwards to nearly a right angle with the

Fig. 138. —Aiiabas scandens, climbing-tish.

body, and when in that position the sub-operculum distends a little, and it appears

that it is chiefly by the spines of this latter piece that the fish takes a purchase on
the tree or on ground. "I have," says Ca^jtain Mitchell, " ascertained by experiment

that the mere closing of the operculum, when the spines are in contact with any sur-

face, even common glass, pulls an ordinary-sized fish forwards about half an inch,"

but it is probable that additional force is supplied by the caudal and anal fins, both of

which, it is said, are put in use when climbing or advancing on the ground ; the mo-
tion, in fact, is described as a wriggling one.

The climbing-fish seems to manifest an inclination to ascend streams against the

current, and we can now understand how, during rain, the water will flow down the

trunk of a tree, and the climbing-fish, taking advantage of this, will ascend against

the downflow by means of the mechanism already described, and by which it is enabled

to i-each a considerable distance up the trunk.

The OsPHKOMENn)^ are fishes with a mouth of small size, and destitute of teeth

on the palate. To this family belong the gourami, whose praises have been so often

sung, and which has been the subject of many efforts for acclimatization in France and

elsewhere by the French.

The gourami ( Osphromenus goramy) has an oblong oval form, and, when mature,

the color is nearly uniform, but in the young there are black bands across the body.
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and, also a blackish spot at the base of the pectoral fin. The goui-ami, if we can
credit reports, occasionally reaches a gigantic size, for it is claimed that it sometimes
attains a length of six feet, and weighs one hundred and fifty pounds, but if

this is true, the size is at least exceptional, and one of twenty pounds is a very large

fish ; indeed, they are considered very large if they weigh as much as twelve or four-

teen pounds, in which case they measure about two feet in length.

The countries in which the gourami is most at home lie in tlie intertropical belt.

The fish is assiduous in the care of its young, and prepares a nest for the recep-

tion of the eggs. The bottom selected is muddy, the depth variable within a narrow
area, that is, in one place about a yard, and near by several yards deep.

They prefer to use for the nests, tufts of a peculiar grass {Panicumjumentorum),
which grows on the surface of the water, and whose floating roots, rising and falling

Fig. 139. — Osphromenus goramtj, goui'ami.

with the movements of the water, form natural galleries, under which the fish can

conceal themselves. In one of the corners of the pond, among the plants which grow

there, the gouramis attach their nest, which is of a nearly spherical form, and com-

posed of plants and mud, and considerably resembles in form those of some birds.

The gourami is omnivorous, taking at times flesh, fish, frogs, insects, worms, and

many kinds of vegetables ; and, on account of its omnivorous habit, it has been called

by the French colonists of Mauritius ^o^-c des rivieres, or ' water pig.' It is, how-

ever, essentially a vegetarian, and its adaptation for this diet is indicated by the

.extremely elongate intestinal canal, which is many times folded upon itself. It is

said to be especially fond of the leaves of several araceous plants. Its flesh is, accord-
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ing to several authors, of a ligEt yelloTV straw-color, firm and easy of digestion.

They vary in quality with the nature of the waters inhabited, those taken from

a rocky river being much superior to those from muddy ponds ; but those dwelling at

the mouth of rivers, where the water is to some extent brackish, are the best of all.

Again, they vary with age ; and the large, overgrown fishes are much less esteemed

than the small ones. They are in their prime when three years old. Dr. Vinson says

the flavor is somewhat like that of carp ; and, if this is so, we may entertain some

skepticism as to its superiority ; but the unanimous testimony in favor of its excellence

naturally leads to the belief that the comparison is unfair to the gourami.

Numerous attempts have been made by the French to introduce the gourami into

their country, as well as into several of their provinces ; and, for a number of

years, consignments of the eggs, or the young, or adult fish, were made. Although

at last partially successful, the fish has never been domiciliated in the Republic, and,

indeed, it could not be reasonably expected that it would be, knowing, as we do, its

sensitiveness to cold, and the climates under which it thrives.

The fish of paradise (Macrqpodus viridi-awatiis) is a species remarkable for its

beauty and the extension of its fins, and especially of the ventrals, which has obtained

for it the generic name Macropodiis. To some extent, this species has also been made
the subject of fish culture, but with reference to its beauty and exhibition in aquaria

and ponds, like the gold-fish, rather than for its food qualities.

The only other fish of the family that needs mention is the fighting fish (^Setta

pugtiax). It is cultivated by the natives of Siam, and a special race seems to have

been the result of such cultivation. The fishes are kept in glasses of water, and fed,

among other things, with the larvae of mosquitoes, or other aquatic insects. " The
Siamese are as infatuated with the combats of these fish as the Malays are with their

cock-fights, and stake on the issue considerable sums, and sometimes their own persons

and families. The license to exhibit fish-fights is farmed, and brings a considerable

annual revenue to the king of Siam. The species abounds in the rivulets at the foot

of the hills of Penang. The inhabitants name it 'Pla-kat,' or the 'fighting fish.'

"

The name mullet has been given along the eastern coast of the United States, and,

indeed, in most other j)laces where English is spoken, to the Percesoces, which are

treated of under the name Mugilida (p. 179) ; but the mullet or mullus of the ancients

was a very different fish, and is the one which is now known under the name sur-muUet,

or red mullet. This is the type of a distinct family (Mullid^), of which a number
of species, chiefly inhabiting the tropical seas, are known ; the sur-mullet, or common
species of Europe, being the most northern member. All the species have a moderately

long, compressed body, which declines backwards from the shoulders, and is covered

with large scales ; an oblong head, more or less abruptly decurved in front of the

eyes ; varying dentition ; two dorsal fins, the first with seven or eight spines, the

second distant from it and like the anal— both oblong ; and the ventral fins are some-

what pointed and compressed, and have each a spine and five rays. The chief distinc-

tive feature, however, is the presence of two barbels behind the chin. The color in

most all is more or less reddish, or approaching to reddish.

The sur-mullet {Mullus barbatus), was held in high esteem among the ancient

Romans, and they placed it above all other fishes, with the exception, perhaps, of the

scarus ; as we learn from ancient satirical poets, as well as historians, enormous prices

were paid for a fine fish, and it was the fashion to bring the fish into the dining-room

and exhibit it alive before the assembled guests, so that they might gloat over the bril-
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liant and changing colors during the death agonies. Even now the red color is

regarded as almost an essential of a fine fish, and it is rendered distinct, on the part

of the fishermen, by scaling it immediately after being taken. This operation pro-

duces a contraction of the ehromatophores or cells containing the red pigment which

colors the fish. The species extends as far north as the British islands, and even occar

sionally further northward along the continental shore. Although still regarded as a

fine fish, it has lost in estimation from the imperial Roman days.

"We have next to consider a series of forms almost all of which have an elongated

body, and a short spinous dorsal fin, or spinous portion of a single dorsal fin, and

which, for the greater part, inhabit trof)ical seas or the Antarctic. One of the most

important of these is the Latilidffl.

The Latilid^e are comjaressed fishes with the dorsal scarcely divided or not divided

at all ; the spines few in nvimber ; the head compressed, the profile more or less

abruptly decurved in front of the eyes, the ojiercular bones unarmed ; the lateral line

entire ; the pectoral fins with branched rays, and the ventrals thoracic and each with

a spine and five rays. Several interesting forms belong to this group, but only two

can be mentioned in this place.

One of the most extraordinary episodes in fish life has been manifested in one of

the species of this family. The species is a deep-sea form, named Lopholatilus chamce-

leonticeps, and which bears the ' English ' name tile-fish. This name, by which it is

quite generally known to the fishermen of the Massachusetts coast, is not of true popular

origin, but is simply a part of the name Lopholatilus, and was suggested by Profes-

sor Goode. The fish was unknown imtil 1879, when specimens were brought by fisher-

men to Boston from a previously unexplored bank about eighty miles southeast of No
Man's Land, Mass. In the fall of the year 1880 it was found to be extremely abundant

everywhere off the coast of southern Xew England, at a depth of from seventy-five to

two hundred and fift}' fathoms. The form of the species is more compressed, and

higher, than in most of the family, and what especially distinguishes it is the develop-

ment of a compressed " fleshy fin-like appendage over the back part of the head and

nape, reminding one of the adipose fin of the Salmonids and cat-fishes.'' It is especially

notable, too, for the brilliancy of its colors, and as well as for its large size, being by

far larger than any other member of its family. A weight of fifty pounds or more is,

or rather, one might say, was, frequently attained by it, although such was very

far above the average, that being little over ten pounds. In the reach of water

referred to, it could once be found abundantly at any time, and caught by hook and

line. After a severe gale in March, 1882, millions of tile-fish could be seen, or calcu-

lated for, on the surface of the ^\ater for a distance of about three hundred miles from

north to south, and fifty miles from east to west. It has been calculated by Captain

Collins that as many as one thousand four hundred and thirty-eight millions were

scattered over the surface. This would have allowed about 288 pounds to every man,

woman, and child of the fifty million inhabitants of the United States! On trying at

their former habitat the next fall, as well as all successive years, to the present time,

not a single specimen could be found where formerly it was so numerous. We have

thus a case of a catastrophe which, as far as has been observed, caused complete anni-

hilation of an abundant animal in a very limited period. Whether the grounds it

formerly held will be reoccupied subsequently by tlie progeny of a protected colony

remains to be seen, but it is scarcely probable that the entire species has been exter-

minated.
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Along the coasts of Florida, and also upon the coasts of southern California, are

found fishes which belong to a genus apparently related to the Lopholatilus and

Latihis, but which is distinguished by the greater number of rays of the dorsal

and anal fins. The species of the east is known as the Caulolatilus chrysops;

and there is no proper English name, although the Spanish name, blanquillo, is par-

tially used. The species of the west coast, however, Caulolatilus jyrinceps, is quite

abundant from Monterey southwards, and is known under the name of white-fish or

yellow-tail. It may be noted that white-fish involves nearly the same allusion in Eng-

lish as blanquillo does in Spanish.

Other fishes related to the Latilidse have been segregated in families called

Bathtmasteeid^ and MalacanthiDvE,' and these are very near indeed, and might

even belong to the same family. Still others, distinguished as the families Peeco-

PHIDID^, NoTOTHENIID^, HaEPAGIFEEID^, OpISTHOGNATHID^, PsEUDOCHEOMIDID.a;,

IcosTEiD^, and Sillaginid^e, have also been approximated to the Latilidae, and,

indeed, combined with still others in one " family " called Teachistid^ by Dr. Gtinther,

but several of them, at least, are not at all nearly related.

One fish that perhaps belongs near some of these just mentioned deserves notice, as

it manifests an apparent anomaly; it can take-in, whole, another fish perhaps eight to

twelve times larger than itself !

Chiasmodon niffer, or the black swallower, is the fish that can perfonn this

seemingly impossible feat. It has no near relatives, and is the type of a peculiar

family—the Chiasmod ONTiDiB.

Its body is elongated, of nearly

uniform thickness to or behind

the anus, and thence slightly

tapering into the tail ; the skin

is naked; the head sub-conic

and narrowed forwards; the

mouth is very deeply cleft, ex-

tending behind the eyes, and

armed with long, pointed, and

in part movable teeth. Thei-e

are two dorsal fins, the first

having eleven slender spines;

the second is elongated, and

the anal is like the latter; the ventrals are thoracic, and have each a spine

and five rays. Such is its appearance with an empty stomach. But it espies a fish

many times larger than itself, but which, nevertheless, may be managed ; it darts upon
it, seizes it by the tail, and gradually climbs over it with its jaws, first using one and
then the other ; as the captive is taken in, the stomach and integuments stretch out,

and at last the entire fish is passed through the mouth and into the stomach, and the

distended belly appears as a great bag, projecting out far backwards and forwards, over

which is the swallower, with the ventrals dislocated, and far away from their normal

place. The walls of the stomach and belly have been so stretched that they are

transparent, and the species of the fish can be discerned within. But such rapacity

is more than the captor itself can stand. At length decomposition sets in, the swal-

lower is forced belly upwards, and the imprisoned gas, as in a balloon, takes it

upwards from the depths to the surface of the ocean, and there, perchance, it may be

Fig. 140.— Chiasmodon niger which has swallowed a large Scopelus.
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found and picked up, to be taken home for a wonder, as it really is. Thus have at

least three specimens found their way into museums,— one being in the United States

National Museum,— and in each the fish in the stomach has been about twice as long,

and stouter in proportion, than the swallower— six to twelve times bulkier! Its true

habitat seems to be at a depth of about 1,500 fathoms.

Now there comes up for consideration a long and composite series of fishes, which

commences fairly enough with forms like ordinary fishes,— the Sebastines,— so

much so that they have been called perch, on account of their likeness to the sea-

perches. They are clean-looking, compactly built fishes, with scales as in the perches.

But even closely allied to them are forms— the Scorpsenines— that show the ten-

dency of some of the divergent members of the series. There are, however, various

types which diverge in different directions, and at one extreme are to be found species

with coats of mail composed of large plates, and at another fishes with the body almost

shapeless, and the naked skin so loose that they seem enclosed in a bag. All have

the lower rays of the pectoral fins simple and more or less thickened and enlarged,

and each cheek is crossed by a ' stay ' or enlarged suborbital bone, which extends from

the eye to the inner margin of the preopercle. But there are some fishes which do

not have the armed cheeks, although the lower pectoral rays are simple and enlarged.

Such are the Cirrhitidae.

The CiKEHiTiD^ are compressed oval fishes, with smooth scales end the spinous

portion of the dorsal long. The typical species are inhabitants of the tropical seas,

although not of the West Indian. Others, however, constituting the subfamilies

Chilodactylinse and Chironeminse, are denizens of the temperate seas, chiefly of

the southern hemisphere, although a few occur along the Asiatic coast. Several of

the species are important economical fishes, and are among the most prized of the

Australian and New Zealand markets. The trumpeter (Xatris hecateia), for ex'am-

ple, is thought to be " the best flavored of any " of the New Zealand fishes.

The following have the cheeks armed, and for that reason were gi-ouped together

by Cuvier as the fishes with mailed cheeks, and have been also called Loricati, and b}'

various other names of like import.

The ScOEP^NiD^ are the least unlike ordinary fishes. The body is compressed,

and covered with small or moderate scales ; the head is more or less armed with ridges

or spines above, and the operculum has about five flat spines along the margin. The

sjjinous portion of the dorsal has usually ten to twelve (sometimes fifteen) spines

;

the anal has three spines. The pectorals are moderately procurrent at the base ; and

the ventrals are thoracic, sometimes appreciably behind the bases of the pectorals, and

have generally a spine and five rays. Many are the species, and some coincidences are

noteworthy. The tropical species have ten abdominal and fourteen vertebrsg;

numerous si^ecies along the western coast of the United States have twelve abdominal

and fifteen caudal vertebrae ; and a couple of species, constituting the genus Sebastes,

confined to the cold waters of the northern Atlantic, have twelve abdominal and nine-

teen caudal vertebrae. Many, at least, of the spocdes are ovo-viviparous. One of the

most notable features of the Pacific coast of northern America is the great number of

representatives of this family living at various depths. About thirty species have been

made known, and among them are some of the most important of the economical fishes

of the country. According to Prof. Jordan, " all of them are excellent food fishes,

and scarcely a boat returns frqm any kind of fishing in which these fishes do not form

a conspicuous part of the catch." They are chiefly known as rock-fish and rock-cod.
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unfortunate names, for the former has long been in use for the JRoccus lineatus, other-

wise known as striped bass ; and the latter is employed for cod caught on rocky

bottoms, and is inapplicable to the Scorpsenids, because they are entirely unlike the

cod. Garrupa, the parent name of grouper, is also given to some species, likewise

unfortunately, for the fishes best known by those names are Serranids : but, worst of

all, several species are called black-bass, and may thus be confounded with the entirely

unlike famed fresh-water fishes to which the name originally was applied. A few of

the Californian species are so prominent as to deserve notice. The genus which has

given a name to the family, Scorpmna, is represented by one species, tlie S. guttata.

This is known as the scorpene, scorpion, and sculpin. " It is found only from Point

Conception southward to Ascension Island." As a food fish, Prof. Jordan thinks

"it ranks with the best, being superior to the species of Sebastichthys, and it always

is in good demand where known." It is to the genus Sebastichthys that almost all of

the Californian Scorpsenids belong. The red rock-fish {S. ruber), it is said, " probably

reaches a larger size than any other species, attaining a weight of twelve or more
pounds," and in the markets of San Francisco is one of the most common fishes.

The brown rock-fish {S. auriculatus) is exceptional in living in shallow water, " enter-

ing all the bays, and being taken with a hook from all the wharves." It attains a

weight of three or four pounds, but, " as a food fish, it is held in lower esteem than

most of the others." One sj)ecies is so different from all the others in its longer form,

smaller scales, and very projecting lower jaw, that it is placed in a different genus—
Sebastodes. It is the S. paucispinis, and is the jack of the American fishermen, the

boccacio of the Italians, and merou of the Portuguese, about San Francisco. It grows

to a large size,— twelve to fifteen pounds, — and its flesh is considered excellent. It

is said to be the most voracious of its family, and the Italian nanie, boccacio, meaning
big-mouth, refei-s to its capacity for ingestion of prey.

The Sebastes marinus and aS". viviparus are the only North Atlantic species of the

family, and are so nearly alike that they are by many considered to be the same. As
understood by others, however, the S. marinus is a large red fish living in deep water,

while the 8. viviparus is a small, banded species, frequenting shallow water. The
S. marinus is variously known as the rose-fish, red-fish, red-perch, !N"orway haddock,

John Dory, etc. The supply for the eastern markets is mostly restricted to those of

Massachusetts.

In the next family which we need consider— the Cottid^— a decided step in

the path of eccentricity is taken, and the extreme forms are very unlike the ordinary

fishes. The body is rather elongated, and generally stoutest at the shoulders and
graduated backwards; true scales are usually absent, rarely present in longitudinal

bands, less rarely represented by plates or bucklers along the lateral line, and some-

times replaced by prickles over the body ; the head is generally broad and the cheeks

tumid, the crown spiniferous, and the preoperculum and operculum usually armed with

spines ; a distinct anterior short dorsal, with approximated spines is the rule ; the

second dorsal and anal are larger, and the latter spineless ; the pectorals have very

procurrent bases, and the ventrals are generally imperfect, that is, provided with less

than five rays, or rarely absent. The species are quite numerous, mostly confined to

the cold seas of the northern hemisphere, and especially well represented by diverse

types along the western American coast. The least aberrant of the family appear to

be the genera Semilepidotus and ScorpcBnichthys, both of which are confined to the

north Pacific.
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The Scorpwnichthys marmoratus, known along the Californian coast as cabezon,
sculpin, scorpion, salpa, and big-head (the last having the same meaning as cabezon)
IS the largest of the family, and the only one brought habitually to the markets. It
attains a length of ten to fifteen pounds, and is distinguishable by the development
of eleven dorsal spines and five ventral rays.

The sculpins of the north Atlantic constitute the genus Cottus and have the gill
membrane free around the margin, and the spines of the head are very stout Three
species occur along the coast of the Eastern States,- C. octodecimspinosns, C
CB7ieus, and C. grcenla7idiciis.

_

The miller's-thumbs of the fresh waters belong to another genus named Uranidea
in these the gill-membrane is confluent with the skin of the throat, the gill holes being
limited to the sides, and the spines of the head are very feeble and partly wanting

Fig. 141.— Cottus scorpiOy sculpin.

The species are quite generally distributed over the northern hemisphere, and are
very closely related. The commonest of European species is H. ffobio, and of Ameri-
can, IT. gracilis and TT. viscosa.

There are certain fishes, the largest and best known of which is commonly called
the lump-fish, which constitute a peculiar family— Ctclopteeid^— apparently
related to the Cottidfe, although they have been generally widely separated from
them. The body is short and tumid, and tubercles generally surmount the skin, but
sometimes they are wanting, leaving the surface smooth ; the head is short and wide
and covered by the skin, all armature being suppressed; there are two dorsals;
the first is short and spiniferous, but sometimes overgrown by the skin ; the pectorals
have wide procurrent bases, and, above all, the ventral fins are united in a circular
disk. The bones are imperfectly ossified, and the entire appearance indicates that
the species are the degenerate descendants of nobler fishes. They are most nearly
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related to fislies called Liparididse, which, in their turn, are related to the Cottidae, and

thus indirectly the affinities of the Cyclopteridse have been traced.

The common lump-sucker— Gydopterus lumpus— is by far the largest of the

family. It rejoices in many names in addition to lump-sucker, such as lump-fish, sea^

owl, cock-paidle, hen-paidle. It may be at once recognized by the tubercles which

cover the skin, some of which are enlarged, spiniferous, and arranged in seven longi-

tudinal rows, a median dorsal, and three on each side ; a hump becomes developed

with age on each side of the spinous dorsal, thus concealing it ; the ventral disk is

Fig. 142.— Cyclopterus lumpus, luinp-flsh, and Zoarces viviparus.

small. Sometimes it reaches a considerable size, a Massachusetts specimen eighteen

and three-fourths pounds having been reported, but the largest English one found

weighed only eleven and a half pounds. Both of these were giants, and the average

is very much smaller.

The lump-sucker, in the well-considered words of Benecke, " lives on the bottom of

the sea, swims slowly and with difficulty, and in May and June comes into shallow water

to spawn. The male makes pits in the sand between the stones, in which the female

deposits its eggs. The male watches over the eggs, and later over the tender young.
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which cling to its body with their suckers. The number of eggs ranges from 200,000

to 400,000. It is a voracious species, which preys upon small crustaceans, mol-

luscs, and fish-spawn." The observations thus epitomized were made in the

southern Baltic.

The lump-sucker is really very good, although there is quite a general prejudice

against it on account of its ' uncanny ' appearance. Those who are familiar with

Walter Scott's ' Antiquary ' may remember that Mr. Oldbuck gave as much for a fish

of this kind as he did for a turbot.

Still other of the mail-cheeked fishes are distinguished by the armature of the

head and distance of the ventrals from each other. The body is elongate conical,

declining backwards from the head; scales or plates cover the trunk; the head is

quadrate, angulated, covered with bony plates, and the jaws are overarched by and

retractile under the preorbital plates ; there are two doi-sals, an anterior short, spinifer-

ous one, and a longer posterior rayed fin, to which is opposed a similar anal ; the pec-

torals have three or two lower rays entirely detached and independent, developed as

enlarged tactile organs ; the ventrals are separated by a wide flattened area, and are per-

fect, that is, have a spine and five rays each. Two quite distinct groups are kept in

this family, the Triglinae, with scales and three free pectoral rays, and the Peristed-

iinse with plates and two free rays.

The Triglinae are mostly shallow-water fishes, and may at times be seen progressing

near the ground, often in curves or a zig-zag couree, sometimes leisurely, sometimes

hurrying up, with the snout more or less downward, and the free pectoral rays curved

forward and downward, and used, partly for locomotion, and partly as feelers.

Rather curiously for such northern forms, one genus (Triffla) with many species is

found in Europe and not in America, while another {Prionotics) with several species

is confined to America. The Triglm are mostly called gurnards in England, while the

Prionoti are chiefly known as robins or sea-robins along the American coast. Mr.

Goode informs us that the sea-robins have excellent food qualities, but are eaten, so far

as we have record, only in the vicinity of Hartford, Conn., where they are known

as " wing-fish." It is queer that we have to go into an inland town to learn the

worth of a common sea-fish. A dweller near salt water, however, and a very competent

judge of what is good for the table, Mr. J. Careon Brevoort, thinks that a sea-robin

is " one of the most delicate morsels that can be laid before an epicure, the flesh being

snow-white, firm, and fully as good as that of the king-fish, or whiting. In fact it

would be hard to distinguish them when placed on the table."' The European species

are also mostly favorably regarded for the table.

Next comes a small group of fishes of family rank, named Cephalacanthid^ or

DacttlopteeiDjE, closely related to the Tiiglidae, but distinguished by some salient

features. The body is also elongate conical, and is covered by regular but keeled

scales ; the head is of a parallelopiped form, covered with bony plates, and the pre-

opercvilum extends backwards in a long spine ; the first dorsal fin is short, and has only

four or five slender spines, of which the first two are nearly free ; the second is little

lonrrer, and the anal is quite short ; the pectorals are singular in being divided into two

parts, an upper narrower, and a lower much larger and more elongated portion, whose

rays are all connected together ; the ventrals are imj)erfect (having only one spine and

four rays) and comparatively near each other. What further especially distinguishes

the group is a coalescence of the anterior vertebrse (about four) into a tubiform body.

The species are few in number, but interesting in habits. They are pelagic fishes,
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and their enlarged pectorals are adaptable for short flights through the air. Hence
they have received, in common with the Exoccetines, the name of flying-fishes, and

are also called flying-robins, and bat-fishes. They are not, however, as good flyers as

most of the ExocoBtines. They associate together in schools, and are mainly inhab-

itants of the warm seas, although the best known species, Cephalacanthus or Dacty-

lopterus volitans, reaches quite a high latitude, for instance, the banks of Newfoundland.

Sometimes individuals reach a length of eighteen inches, but twelve inches is a much
more usual size. The changes undergone in course of growth are quite remarkable,

the young having comparatively short pectorals, and being otherwise difierent, so that

it was formerly considered to be a distinct generic type, the name Cephalacanthus

being given to it, while the old was known as Dactylopterus. The American natural-

ists have adopted the former name instead of the latter, because it was the first

given ; it is also the best, and alludes to one of the most characteristic features, the

long spines of the preoj^erculum,

while Dacti/lopterus, meaning

fingered fin, implies just what it

has not, and the absence of which

is one of the characters distin-

guishing it from the Triglidse.

A family quite clinracteristic

of the North Pacific is one called

Chieidje. They may be known
by the compressed oblong, or

rather elongated, body, the long

double dorsal, of which the

spinous and soft parts are nearly

equal, and the jierfect thoracic ventral fins,

families.

The species of one group are quite generally known as rock-trout. They have, in

addition to the latei-al line, other lines near the back, and near the belly and anal fin.

Besides rock-trout, they are called, in common with the Scorpsenidse, rock-cod, and
also sea-trout, boregata or boregat, bodieron and starling. They live chiefly in mode-
rately deep water, and feed mainly on crustaceans and small fishes. Two species

{Hexagrammiis lagocep>lialus and H. decagrammus) occur along the Californian

coast, and another {H. steUeri) is common farther northward. They are pretty

nearly of the same size, growing to a length of about fifteen inches, and a weight of

two or three pounds. As food fishes they are of " fair quality." The H. decagram-
mus " dies at once on being taken from the water, and the flesh becomes rigid and
does not keep as well as the other rock-fish."

A better and larger fish of the family is one generally known at San Francisco as

the cod-fish
(
Ophiodon elongatus) ; it is also called bastard cod, cultus cod, green cod,

buffalo cod, etc. The form is more regularly elongate than in the other Chiridfe, and
there are no supernumerary lateral lines. It sometimes reaches a length of five feet,

and a weight of fifty or sixty pounds. " As a food-fish it holds a high rank, being

considered rather superior to the rock-fish," or the species of Sebastichthys, etc., and
" from its great abundance, it is one of the most important fishes on the Pacific coast."

Neatly related to the Chiridse is a fish which, by itself alone represents a peculiar

family— the Anoplopomid^. It is an elongate fish, with fins much like those of the

Fig. 143. — Cephalacanthus volitans, flying-fish, flying-robin, bat fish.

There are four different groups or sub-
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Chiridse, but the head is wide and flattish above. In appearance it is much like a pollock,

and, indeed, has more than once been mistaken for a relation of that cod-fish by nat-

uralists. It is known as the caudle-fish, black candle-fish, horse-mackerel, and beshow.

It grows to a length of twenty inches, weighing about five pounds. " As a food-fish

it is held in low esteem," but is " sometimes fraudulently sold as spanish-mackerel,"—

•

a most underserved slur on a royal fish.

Other families of the mail-cheeked series, more or less related to one or other of

the families described, are the Caeacanthid^, Stnanceid^, Hemitbipteeidje, Agki-

OPODiDyE, PLATYCEPHALiDiB and HoPLicHTHTiD^ ; but, interesting as some are, we
must leave them with the mention, only adding that it is to the Hemitripteridae, that

the sea-raven of the American coast belongs.

A family related, though distantly, to the mailed-cheeked fishes, Synanceidffi,

is that of the IjEANOscopiDiE, to which the popular name of star-gazer is given on

account of the eyes being placed on the upper surface of the head ; the scientific has

the same meaning. The head is flattened and almost rectilinear from the nape to the

mouth ; the mouth itself is very oblique. Several species of the family are found

along the American coast, the largest being the Astroscopus guttatus. This has the

head protected by bone above, but with a couple of spaces occupied by bare skin, and

it is said that these bare spots give an electric shock. Although this is quite generally

believed, it requires scientific confirmation.

Another family of interest in this series is that represented by the weevers of

England, and known scientifically as the Teachinid^. These are distinguished by an

elongated body, attenuated backward from the head, a compressed, oblong head, with

the snout very short, a deeply cleft oblique moutli, and a long s])ine jjrojecting

backward from each operculum, and strengthened by extension on the sui-face of the

operculum, as a keel. The dorsal fins are distinct, the first composed of strong, pun-

gent spines, radiating from a short base, and about six or seven in number. The

second dorsal and anal are very long. The pectorals have the lower rays un-

branched ; and the ventrals are in advance of the pectorals, and have each a spine

and five rays. The species of this family are mostly found along the European and

western African coast ; but, singularly enough, a species closely related to the old-

world form is found on the coast of Chili. Xone have been obtained from the inter-

mediate regions, or from the American coast. Two species are found in England, and

are known under the name of the greater weever {Trachinus draco), about twelve

inches long, and tlie lesser weever (7Vac7w?ji<s yt/jera), about six inches long. They
are perhaps the most dreaded of the smaller English fishes. The foi-midable opercu-

lar spines are weapons of defence ; and, when seized by the fisherman, the fish is apt

to thi'ow its head in the direction of the hand, and lance a spine into it. The pungent

dorsal spines are also defensive. Although without a poison gland, such as some fishes,

distantly related, have at the base of the spines, they cause very severe wounds, and

death may occur from tetanus. They are therefore divested of both opercular and

dorsal spines before being exposed for sale. The various popular names which the

weevers enjoy, in addition to their general designation, mostly refer to the armature

of the spines, or are the result of the armature ; such are adder-fish, sting-fish,

and sting-bull.

Two families of small fishes are closely related to the TJranoscopidae, but do not

demand special notice. They are the LeptoscopidjE and DACTYLOSCOPiD.a!. Another,

less closely related, is the Teichodontid^.
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There are many fishes which are known under the name of toad-fishes; but along

the American coasfi the one so designated is the representative of a family known as

the Bateachid^e, this name embodying the same idea (likeness to the toad) that the

popular one does. All the species of the family have a body which is highest at

the shoulders, and which quite regularly decreases in height and width backwards to the

tail.. The head is somewhat cuboid, and flattened above, and the eyes at the edge of

the flattened head, so tliat they generally look upwards. The mouth has a very oblique

cleft. The first dorsal fin has two or three very strong pungent spines. The second

dorsal and anal are longish. The pectorals have a wide base, decurrent forwards ; and

the ventral fins are considerably in advance of the pectoral.

The common toad-fish of the American coast {liatrachus tau) has a flabby body,

without a lateral line, and three dorsal spines. The teeth on the jaws as well as on

the vomer and palatines are mostly in a single row, and blunt. The jaws are very

powerful, and a bite from the fish creates an imjjression far from pleasant. The fish

holds on with the pertinacity of a bulldog to what he has taken hold of. It is apt to

lurk in oyster beds, and the young are quite frequently found in the empty shells

;

^. >

Fig. 144.— Batrachus tau, toad-tish.

hence one of the names given to the species is oyster-fish. The specific name, tau, is

in allusion to the impression resulting from the ridges on the surface of the crani-
um, which resemble a T or the Greek letter tau.

Truly venomous fishes belong to this family of Batrachidse. They constitute the
genus Thalassophryne, of which two species are known, one living on the Atlantic,
and the other on the Pacific coast of North America. The poison is secured in sacs
at the base of the spinous dorsal fin, as well as of each of the opercular spines, which
are hollowed out to serve as ducts for the poison secreted by the glands.

Most of the Batrachids are of small size, rarely exceeding a foot in length ; but in
the sea about the Seychelles islands, there is a gigantic species (Fhrynotitan ffic/as,

oi-iginally called Batrachus gigas)., whose head is over two feet wide. It is covered
with small scales, acute teeth are in bands on the jaws, vomei-, and palatine bones, and
the spinous head armature is very weak. '

We may next consider several families of fishes which have been united under a
superfamily named GOBIOIDEA. Their parentage was probably in common with
the preceding families.

The family of Gobiid^ contains by far the largest number of species, about four
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hundred being more or less satisfactorily known. Most of them have a stout body-

diminishing from the head to the tail, but some become quite elongated, and a few

are compressed and oval ; the scales in most have a pectinated hinder margin which

is angulated at the middle, whence the striae diverge forwards, but some of the scales

are cycloid, and a number have only cycloid scales ; few are entirely naked ; there

never is a lateral line ; the head is generally short with bulging cheeks ; the branchial

Fig. 145. — Periophthalmus koelreuta-i.

apertures are more or less restricted to the sides
;
generally, there are two dorsal fins,

and in most the first has six spines, of which the last is separated by a wider interval

than are the others ; in some, however, the spines are more numerous, and in others,

the fin is continuows with the second ; the ventrals are thoracic, and mostly have a

spine and five rays, the inner of which are largest ; in most there is also a connecting

membrane in front between the sjjine, and behind between the innermost rays,

resulting in- a funnel-shaped sucker. Finally, a papilla is developed next the anus.
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The species are mostly of small and even minute size, but a few reach moderate

dimensions— between one and two feet. Some are quite peculiar for their habits.

On the Californian coast is a Gobiid
(
Oillichthys mirabilis) remarkable for the

great extension backward of the jaws and singular habits. It chiefly lives in shal-

low places, left bare at low tide, and harbors in holes excavated by itself in the mud.

Numbers are obtained, especially by the Chinamen, by digging. It is thought to taste

somewhat "like eels."

Certain other species belonging to the genus Periophthalmus have large protuber-

ant eyes and pectoral fins capable of being flexed downwards and forwards, and usable

as legs. They frequent mud flats and coasts, and at low tide are left out of water,

and progress then by regularly hopping, their fore fins or pectorals assuming the func-

tion of the hind limbs of kangaroos and other leaping mammals ; they are assisted,

however, by the tail. The prominent eyes, to which reference has been made, and

which are very versatile, come into use for observation in different directions. This

ability to progress on land enables them to pursue beach crustaceans as well as

insects, and another object of pursuit is a slug-like gastropod named Otichidium.

The species are confined to the coasts of the Indian oceans and western Africa. One
of the most common is the Periophthalmus Jcoelreuteri. Two or three closely related

genera share their range in whole or part.

Other families generally associated with the Gobiidse are Oxudekcid^, Calliont-

MiD^, and Platypteeid^. The CallionymidEe have the ventrals very far apart, a

large preopercular spine, and very restricted gill-openings. The species, between

thirty and forty, are mostly tropical, but one occurs along the British coasts, and is

known as the dragonet or sculpin.

Still more aberrant fishes are now to be seen. They are numerous and diversified

— so much so that not less than eleven families have been recognized for them,— but

they may all be provisionally retained in the superfamily BLENNIOIDEA.
In appearance, at least, the least aberrant of the series are the Clinidje. These

have a moderately long or oblong body, and regular scales cover it ; the head rather

projects forwards, the dorsal has a very long spinous portion (the spines are stiff) and

a shorter soft one, and jugular ventrals with a spine and two or three rays are

developed. Of all the fishes which have already been treated of, the Chiridae appear

to be those to which they are most nearly related, and they may have sprung from a

common stem, the Chiridse being less and the Clinidae much more modified.

The Clinidae are mainly inhabitants of the tropical and subtropical seas, although

several reach the coast of the United States, and one of the largest of the family—
Seterostichus rostratus— occurs along the Californian slope.

The Blenniid^ are also oblong or moderately elongated fishes, but with a naked

skin ; head more or less shortened or blunt ; teeth movable in front ; the dorsal with

nearly equal inarticulate and articulate portions ; the " spines " slender and flexible,

and the jugular ventrals with the spine concealed or atrophied, and two or three

thickened rays. The species are very numerous, although only about nine are to be

found along the American coasts, most being inhabitants of tropical seas.

Some of the most remarkable of the Blenniids are those of the genus Salarias,

and, as the generic name implies, they can leap sometimes many times their own
length.

The largest of the Blennioid group are the formidable wolf-fishes, constituting the

family Anaeehichadid^. These have an oblong but robust body, with rudimentary

VOL. ni. — 17
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scales, a head ending in a blunt curved profile, a deep-cleft and oblique mouth, strong

canine teeth in front of the jaws, lateral tubercular teeth on the sides of the lower,

and blunt pavement-like ones on the palate ; the dorsal fin is very long, and has only

slender spines, and ventral fins are absent. Half a dozen species only are known, all

confined to the cold waters of the northern hemisphere, and represent two very differ-

ent genera— Anarrhichas and Anarrhichthys.

The common wolf-fish of the North Atlantic {Anarrhichas lupus) is a stout fish,

with a long median or vomerine band of teeth, reddish-brown, with some nine to

twelve dark cross bands, and many dark spots. It reaches a large size. One of three

feet long would weigh twenty pounds, and it has been said to occasionally attain a

length of six or seven feet, which, at the same ratio, would imply a weight of at least

one hundred and sixty pounds. There may be some mistake or exaggeration here.

Fig. Uio.— Anarrhiclias lupus, wolf-fish.

It ranges southward to France, in Europe, and New York on the American side, and

perhaps even further down in deep and cold water ; and its distribution has been said

to be almost coincident with that of the halibut.

The -wolf-fish has very powerful jaws, and uses them to break the shells of crabs,

lobsters, and sea-urchins, as well as the much harder ones of clams and other shell-

fish.

Savagery appears in the very appearance of the wolf-fish. " It is impossible," says

Mr. Goode, " to imagine a more voracious-looking animal than the sea cat-fish [another

of its names], with the massive head, and long sinuous muscular body, its strongly

rayed fins, its vise-like jaws, armed with great pavements of teeth,— those in front

long, strong, pointed, like those of a tiger." Its looks do not belie its character. It

is a very pugnacious animal, and " has been known to attack furiously persons wading
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at low tide among the rock-pools of Eastport, Maine." The fishermen, therefore, have

to be very cautious in handling them, and take care to knock them on the head, and

disable them, before leaving them in their boats or releasing them.

Withal, the wolf-fish has redeeming qualities— at least in death. Some consider

it a "very delicate " and even "delicious" fish, but there is quite a general prejudice,

on account of its repulsive appearance. "When " properly dressed, and disguised by

the head being cut off, it is considered equal to many of the marine fishes," is the

more qualified praise of another who has tried it.

But it is not alone as a food fish that the wolf-fish is useful to man. " The skin

is converted into very durable bags and pockets."

A distant relation of the wolf-fish— AnarrMchthys ocellatus— but more elongate,

and with the dorsal and anal confluent with the caudal, lives along the Pacific coast of

America, from Puget Sound to Monterey. " It reaches a length of eight feet, and a

weight of about thirty pounds," but the average is " five to six feet." It is chiefly

called eel, or wolf-eel. " As a food fish, it meets always with a ready sale."

Numerous other fishes are related to those we have just noticed, and belong to

families named Pat^cid^, Nemophididje, ChjenopsidjE, Cebedichthyid^, Stich^i-

D^, XiPHiDioNTiD^, Cktptacanthodid^s!, AcANTHOCLiinD^, and GadopsidjE, but

these we must pass. It is possible that to this series also belongs a very curious

North Pacific fish, called Ptilichthys goodei by Dr. Bean, and referred by him to

the family Mastacembelidse, which properly only embraces East Indian fresh-water

fishes. It is certain that Ptilichthys does not belong with or near them, and (if

we can trust the description) that it is the representative of a peculiar family (Ptil-

icHTHYiD^), but we must await its re-examination by a skilful morphologist, to learn

what it really is.

The Acanthopterygians would cease with the types last considered ; but there are

several families which have been referred to the " order Anacanthini " that are closely

related to the Blennioidea, and doubtless have a parentage in common with them.

The ZoARCBiD^, or Lycodid^, have some resemblance to the wolf-fishes. They
are more or less elongated, with the tail tapering to the end, the head with a decurved

profile, conic teeth, and the dorsal and anal with soft rays (except some at an inter-

rupted interval in the dorsal behind) and confluent with the caudal ; the ventrals are

jugular and imperfect, or (rarely) altogether absent. The species are quite numerous
in the arctic or deep seas ; but a couple of species are found southward along the

European and American coasts. The southernmost shallow-water Zoarceids constitute

the genus Zoarces, which is distinguished by a break in the dorsal behind, and the

replacement of the rays there by short, stubby spines. The European (Z. viviparus)

is rather a small fish ; but the American (Z. anguillaris) is comparatively large.

Mutton-fish, Congo or conger eel, eel-pout, and lamper-eel are names bestowed

on the Z. anguillaris. It reaches a length of some three feet, and weight of six or

seven pounds. Its range is claimed to be from Labrador to North Carolina. Crusta-

ceans and shell-fish constitute its chief food. As food itself, diversity of opinion exists,

largely influenced, doubtless, by its unprepossessing appearance. The best judges,

however, pronounce it tolerable, and one of its names (mutton-fish), by which it is

known at Cape Ann, involves a comparison with sheep's flesh. Prof. Goode testifies to

"the delicacy of its flavor."

The European Zoarces (Z. viviparus) Fig. 142, is best known on account of its

viviparity. The female matures her eggs in her body, and living young come forth.
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somewhere about three hundred in number. It comes in on " the border line between

food and refuse fishes
; " but " some people consider the flesh as very fine and whole-

some."

The forms that come up next for review have been almost universally associated with

the cod-fishes ; but they are really but distantly related, and are nearer the preceding.

The Brotulid^ are a family of which few species were known till the era of deep-

sea dredging and trawling, but now there are many. The body is elongated, and

tapers backwards to the end of the tail ; small scales are immersed in the skin ; the

head is diversiform, but always has a large mouth ; the branchial apertures are gener-

ally ample ; the dorsal and anal are long (the dorsal especially), and generally covered

with loose skin and scales ; a caudal is developed, but narrow ; the ventrals are jugu-

lar, very narrow, and, generally, with two rays.

Numerous species representing many genera, some possessed of very curious char-

acters, inhabit the depths of the sea. Some have stout spines about the head and

Fig. 147.— Encheticphis tenuis, natural size, and bead enlarged.

shoulders ; and the inhabitants of very deep water are very loose and flaccid in

appearance. Very few live in water of moderate depth. Among them are the name-

giving genus of the family {Brotula) and a species found along the Californian coast

{Brosmopliycis or Dinematichtliys margmatus). Only two others are specially note-

worthy ; they are blind fishes inhabiting fresh water in certain caves of Cuba ; Lud-

fuga subterranea and Stygicola dentata are their names.

Closely related to the Brotulidae are some fishes distinguished by the position of

the ventrals at the chin, or between the rami of the lower jaw. These are the Ophi-

DHDJE. On account of this advanced position of the fins, they were supposed by the

old naturalists to be a pair of bifid barbels, and the fishes were placed with the eels,

as apodals. Most are of little value and small in size, but some species of the south-

ern hemisphere become quite large and are in some repute for their flesh. One living

in the sea round New Zealand ( Genypterus blacodes) is known as the ling or cloudy

bay-cod, and reaches a length of five feet and a weight of fifteen to twenty pounds

;

" it has white, flaky flesh that takes salt well:"

Finally we have a few fishes constituting the family Fieeasferid^, still smaller

and more tapering backwards than the preceding, and differing from them by the en-

tire absence of ventrals. They manifest a very singular phase of fish-life, for they

chiefly live in the interior of other animals, especially holothurians. They have been

especially studied by Prof. Carlo Emery, who watched their movements, and tells us

how they enter into the holothurians. When free in the water, the fish swims head

downwards, with tail curved toward the back, by undulatory movements of the anal

fin. Coming to a holothurian lying at the bottom of the water, it eagerly seeks the
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posterior aperture. Sometimes it penetrates through this head foremost, but gener-

ally enters in a characteristic manner. By its anal aperture the holothurian expels

and sucks in water. The fish, during the expulsion of the water, pushes its head into

the orifice, and curves its tail to one side, and then, by a rapid recoil movement, intro-

duces itself, tail foremost, into the intestinal canal, pushing farther and farther in with

every suction of its involuntary host. From the intestine it penetrates into the pul-

monary passages, and thence, after their ruptui-e, into the perivisceral space. It re-

mains, however, near the anus, and protrudes its head, when hunger impels, in search

of food. It is therefore neither a true parasite, since it does not feed on its host, nor

a commensal, as it does not share the food of its host, but simply a lodger or tenant

at will.

The last three families constitute a super-family—OPHIDIOIDEA— well marked

off from all others by anatomical, especially osteological, characters. Others have been

associated with them, but very little is known about them. Such are the Beotuloph-

iDiD^, CoNGEOGADiD^, and Cekdalaid^.

Two other families approximated to the Ophidioidea are Atbleopodid^ and Xeno-
CEPHALiD^, but our information regarding them is in even a more unsatisfactory con-

dition than about the others.

The super-family AMMODYTOIDEA, and family Ammodttid^, are a group of

doubtful relations, although generally placed next to or among the Ophidioidea. They
have a long, sub-cylindrical, or slightly compressed body, graduating into the tail ; scales

Fig. 148.— Ammodytes americamis, sand-eel, sand-lauuce.

often arranged in oblique folds, the lateral line near the back, the head pointed, and with

the lower jaw extended forwards, and the operculum and sub-operculum much

enlarged ; the dorsal fin is composed solely of articulated rays, and occupies most of

the back ; the anal fin is confined to the posterior half of the body ; the caudal fin is

furcate ; the pectoral fins are high on the scapular arch, and have all the rays branched,

and ventral fins are entirely absent. The species are rather few in number, and mostly

confined to the northern temperate seas, although a peculiar generic type {Bleekeria),

closely related to the cold-water forms, is found along the Indian shores, but very

sparingly. The species are known to the English-speaking people mostly under the

name of launce, lant, or sand-eel.

Three species are found along the British shores, but one of them is very rare,

an inhabitant of deep water ; two species {Ammodytes americanus and A. duhius) occur

along the American coast. The habits of all are essentially similar. They live on sandy

shores, congregate together in large numbers, and, when alarmed, take to the sand, in

which they rapidly plunge and force themselves, and remain concealed. On account of

their large numbers they form a very essential portion of the food of many fishes, and

especially the cod-fishes, and they are also much used as bait. They rarely reach a

length beyond a foot. They are chiefly captured at ebb-tide by digging into the sand,

and hoes and rakes, as well as spades, are put into requisition for this purpose.

« Sand-eeling excursions by moonlight, at the low spring tides in the sandy bays of
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the islands Jersey and Guernsey, constitute a favorite and highly exciting pastime,

indulged in, in summer time, by the members of both sexes and all ranks."

The common sand-eel of the eastern coast of the United States, Ammodytes
americanus, has from 125 to 130 lateral oblique folds, and the pectoral fins are much
longer than the snout, extending as far back as the front of the dorsal ; it has about

28 anal rays. It is very closely related to the common A. tobianus, or the smaller

launce of England. It occasionally, however, reaches a length of about sixteen inches,

although it is usually much smaller. On the coast of New England it is very com-

mon, and it is recorded that on one occasion, in Provincetown harbor, " they covei'ed

the ground from one to two inches deep ; and when the water covered the flats, the

whole bottom looked like an immense sea of silver."

So far as superficial evidence goes, all the preceding families appear to belong to

one sub-order, although a closer study may reveal differences which should cause its

disintegration. But there are still other fishes which cannot be well intercalated in

the series, and yet of some very little is known. Two alternatives lie before us in the

treatment of such forms: (1) we may either " lump " them with others, because we
know not what to do with them, and assume that, if they don't show the characters of

the major group into which they are thrust, they ought to, or (2) we may isolate

them till we do have more knowledge of them. Of the two evils, the latter course

appears to be the least prejudicial to the interests of science. Under special sub-

ordinal categories, therefore, several groups of uncertain affinities may be considered.

They are briefly noticed in the order in which they may be supposed to have diverged

fi-om the great Acanthopterygian stock.

StJB-OeDER IX. — HYPOSTOinDES.

A family of doubtful relations, formerly placed in the order Lophobranchii, later

near the mailed-cheek AcanthojDterj-gians, and by Prof. Cope associated with the

Hemibranchii, has been isolated as an independent order (Hypostomides) by A. Dum-
eril. It is possible that it may have been an early offshoot from a Percesocine or

Acanthopterygian stock, and cognate with the Hemibranchii ; but too little is known
of its anatomy to warrant an authoritative opinion. The sub-operculum is wanting.

Pegasid^ is the name of the only family of the Hypostomides. The body is wide

and covered with plates, the snout prolonged, the mouth inferior, and filamentary ven-

trals developed. The few species are confined to the oriental seas.

Stjb-Oedee X.— Rhegnopteei.

A sub-order named Rhegnopteri has been proposed by Prof. Cope for a family of

fishes of doubtful relations. This family has been generally placed among the

Acanthopterygii, but by Prof. Jordan it is classed with the Percesoces. The ventral

fins are sub-abdominal, the pelvic bones being disconnected from the scapular arch.

One spine and five rays are the complement of each ventral ; the pectorals are

inserted in a peculiar way; the first and the second actinosts bear the main portion;

the third is transverse and without any rays, and the fourth carries the free anterior

or inferior rays. In other respects, the organization is apparently strikingly like that

of the so-called acanthopterygians, and it is only the doubt of its projjer place that for
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the present justifies the separation of the forms for which it was proposed, from that

sub-order.

The PoLTNEMiD^, the only family of Rhegnopteri, are fishes of a more or less

sub-fusiform shape, although sometimes compressed, with normal ctenoid scales, and

with the head ending in a rather blunt, although protuberant snout ; the mouth is

well cleft and sub-inferior ; there are two dorsals widely separated ; the first with

seven or eight spines ; the last, as well as the anal, oblong ; the inferior rays of the

pectoral fin are entirely separated from each other, and capable of independent move-

ments, all being flexible forwards ; they vary in number from three to fourteen. The

species are inhabitants of the tropical seas, and several of those on the Indian coast

are of considerable economical importance. The air bladder is extremely diverse, in

some it being very largely developed and with appendages, while in other species,

very little differing from them in appearance, it is very small or entirely wanting.

The large air bladders form a considerable part of the isinglass of India. The largest

of the family reach a length of five or six feet, but most species are very much smaller,

and the American species are little more than a foot in length, or even less.

Three species visit or occur along the eastern American coast, the Polynemus

plumieri, P. octojilis, and I^. octonemus.

SxJB-OeDEE XI.— DiSCOCEPHALI.

Another sub-order has been constituted for fishes distinguished by the develop-

ment of a suctorial disk on the upper surface of the head. Only one family— the

Echeneididae— is known.

The EcheneididjE are of great interest, and peculiar in the possession of a sucker-like

attachment to the upper surface of the head, which has procured for them the popular

name of sucker, suck-fish, and sucking-fish. These have a body quite elongate, wide

at the front, and gradually tapering backwards ; the head above is very flat, and on a

line with the back, and below regularly curved upwards to the margin ; the eyes are

high up and over-arched by the sucker ; the mouth has a moderate oblique cleft ; the

dorsal fins are two, but the first is so extraordinarily modified, that, to use a Hiber-

nicism, it is not a fin at all ; the sucker that surmounts the head is itself nothing

but a greatly modified first dorsal whose spines have become cleft, the membranes

thickened and leathery, and all subjected to accompanying modifications which result

in the remarkable sucker ; the true dorsal and the second anal are far behind and of

moderate length ; the pectorals are high up, and their upper edges near the back

;

the ventral fins are thoracic and composed of a slender spine imbedded in the skin,

and five rays.

The aspect of the fish is so peculiar that an inexperienced observer is very apt to

mistake, and, in fact, generally does mistake, the back for the belly and vice versa. A
glance at our illustration will readily show this.

The species of the family to some extent are parasitic, attaching themselves by means

of their suckers to large fishes, especially sharks and sword-fishes, and being in this

way borne about, detaching themselves occasionally to obtain food. The tenacity

with which they adhere to objects is such that they have been used by some peoples

to catch turtles and other fishes.

One of the oldest accounts of their use for fishing was given by Columbus or one
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of his companions, and, as rendered in Ogilby's " America," published in 1671, is as

follows :
—

" Columbus from hence [that is, Cuba], proceeding on further Westward, dis-

cover'd a fruitful Coast, verging the Mouth of a Kiver, whose Water runs Boyling

into the Sea. Somewhat further he saw very strange Fishes, especially of the

Guaiccm, not unlike an Eel, but with an extraordinary great Head, over which hangs a

skin like a bag. This Fish is the Natives Fisher, for having a Line or handsom Cord

fastned about him, so soon as a Turtel, or any other of his Prey, comes above Water,

they give him Line ; whereupon the Guaican, like an Arrow out of a Bowe, shoots

towards the other Fish, and then gathering the Mouth of the Bag on his Head like a

Purse-net, holds them so fast that he lets not loose till hal'd up out of the Water."

Fig. 149.— Rtmora remora, suck-fish.

The old chronicler had evidently never seen a " Guiacan," but there can be no

doubt what was meant, and the name used was that given by the Indians of Cuba to

JScheneis neucrates. From the time of Columbus we can pass to our immediate

present.

In 1884 an account was given of the mode of fishing adopted on the Zanzibar

coast by the Africans with the reraora. The account is by Mr. Frederick Holmwood,

the British consul at Zanzibar. It seems that the Africans fix a ring around the

most slender part of the tail, which remains on for an indefinite period,— sometimes

for years,— becoming imbedded in the flesh ; to this ring the line is attached, and the

fish are taken by the Africans on their cruises, which last for a number of days, and

slipped loose into the water when wanted ; they then swim towards their destined
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captives, attach themselves, and are hauled in, securing the fish for their master. The

fact of their use in this way had been known long before ; but no original account

thereof had for a long time appeared. When not in use, the fishes are mostly kept

in small canoes or wells of water, and come to the surface on the approach of the

fisherman ; and they have learned to allow themselves to be taken from the water,

and submit to being handled without attempting to plunge or break away. The

owners are said to call them with a whistling sound, but whether they obey such a

call or not has not been sufficiently verified.

The most common of the Echeneididids are the Echeneis neucrates, a slender species

with nineteen to twenty-five laminse in the disk, and Eemora squalipeta or remora,

a short fish with eighteen or nineteen laminse in the disk.

StJB-OeDEE, XII. — T^NIOSOMI.

There are certain forms remarkable for their very compressed form, known popu-

larly as ribbon-fishes, which differ much from other fishes, or, at least, present so few

indications of afiinity to any one group, that provisionally they may be segregated

into a sub-order named T^niosorai. The typical representatives of the group are des-

titute of an anal, the dorsal is very long, and its foremost rays elongated and segregated

in a distinct portion or nuchal fin,

and the caudal is rudimentary or

excentrically developed; the ven-

trals are thoracic. There are two

families.

The Teachypteeidje are fishes

provided with elongated ventrals

of several rays, and destitute of

ribs. The species are of uncertain

number, but there appear to be

two European ones : a northern

species, Trachypterus arctic%(s, and

one living in the Mediterranean,

the Trachypterus iris. They are said to attain a length of about ten feet,

although the average size must be considerably less. In fact, the largest speci-

men obtained in the British seas was only seven feet nine inches long. They inhabit

deep water, and only appear to voluntarily approach the coast in autumn, when they

are at rare intervals taken in herring nets. Most of the specimens examined by

ichthyologists have been thrown up on beaches by storms. They are said to some-

what resemble flat-fishes in their movements, and to swim sideways, with one side

turned obliquely upwards. Dr. Day records that " the Finland fishermen say that

when alive " the northern species is " very fat, and its sides round ; but the fat is so

liquid and oily that it runs from the body as soon as the fish dies. The Russians at

Archangel are said to purchase them for the fat they contain." Deal-fish is a name

applied to the Trachypterus arcticus in England, and Vaagmer in Iceland and other

noi'thern countries.

A remarkable development of the fins is manifested in very young fishes : the rays of

the anterior or nuchal portion of the fin are extraordinarily developed, and perhaps two

or three times longer than the body ; the ventrals are also long, and the caudal large.

Fig. 150.— Young of Trachypterus:
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The largest of the TEeniosorai are set apart in a distinct family designated Regal-
EciD^. In these the ventrals are represented by single styliform rays, more or less

dilated and oar-like at their extremities, and distinct ribs are developed. The species

appear to inhabit rather deep water, and some of them grow to a very large size, or at

least attain a great length. The species of which most specimens have been seen or

cast ashore along the coasts of the Scandinavian peninsula and Great Britain occasion-

ally reaches the length of at least twenty-two feet. But little is known of its habits.

One was observed alive, but in a dying condition, about six miles from land, lying on

its sides. When approached by a boat, the fish "righted itself, and came with a gen-

FiG. 151.— Jiegalecits banksii^ oar-lisla.

tie lateral, undulating motion towards them, showing its crest and a small portion of

the head occasionally above water; when it came alongside," a man struck it with a

hooked stick, and " it made off with a vigorous and vertical undulating motion, and

disappeared as quick as lightning under the surface." Twice the fish escaped its pur-

suers, but a third attempt enabled them to capture it, two men " putting their arms

round the fish," and lifting it into the boat. This specimen was twelve and a quarter

feet long.

The Itegalecus banJcsii has received from the English the name of oar-fish, and

has also been mingled with the traditions of the sea-serpent, and described as such.

A fish named Stylo2Jhorus chordatus has generally been referred to the same
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family with the preceding, but it apparently belongs to a peculiar one— Sttlopho-

EiD^— and perhaps is not really related to the typical Tasniosomi.

Sub-Order XIII.— Xenopteeygii.

There are certain fishes distinguished by the development of a suctorial apparatus

on the breast of a very complicated nature. They have been generally approximated

to the Cyclopteridae and Liparididse, simply because they had the suctorial apparatus,

and the other fishes had likewise sucking appendages. But the adaptation for similar

purposes has been effected in the group now under consideration— the Gobiesocid^—
in a very different way from that exemplified in the lump-suckers and their relations,

as has been well shown by Dr. Gunther. The suctorial disk is developed chiefly from

the skin of the breast, and only formed at its front by the ventrals, which are wide

apai"t. There are no spines in any of the fins, and thus it has not even the technical

characteristics of the true Acanthopteryglans. Doubtless the parentage of the stock

is to be looked for in that great sub-order; but the divergence of the known forms has

been so great that at present it cannot be certainly predicated whereabouts to find it.

The distinction of the group is sanctioned by modifications of the skull, especially the

reduction of the palatal arcade, and the loss of the suborbital ring, as well as by a

peculiar development of the several elements of the shoulder girdle.

The Gobiesocidae are mostly fishes having an oblong or elongate coniform body

destitute of scales, a depressed head, a single posterior dorsal, an anal more or less

opposite, pectorals generally extending downwards along their bases around the front

of the suctorial disk, and the suctorial disk entire, or divided into two portions by a

transverse fold of the skin.

Almost all the species are small fishes, most numerous in the tropical or warm tem-

perate seas, chiefly living between tide-marks or in shallow water, and generally

adherent to stones or rocks by means of the suctorial disk. Several species occur

along the American coasts, the largest and most common being the Gobiesox or Cati-

larchus reticulatus of California. That species reaches a length of about six inches.

Sub-Oedee XIV.— Anacanthini.

An order or sub-order has been almost universally recognized for the common cod-

fishes, and in the same group have been almost universally approximated forms which

certainly have considerable superficial resemblance to those fishes, but which anatomy

shows to be much less closely allied than has been supposed. The chief distinctive

characters of the sub-order (for at most it is nothing more) is the absence of any

fenestra or hole in the hypercoracoid or, as it is often called, scapular bone, and its

representation only by the inter-space between the hypercoracoid and hypocoracoid.

Several families belong to this sub-order, thus defined, and one of them is of very

great economical importance. This is the family GadidaB.

The Gadid^ are fishes with the caudal portion of the body coniform behind and

with the caudal rays precurrent above and below, a sub-median anus, moderate sub-

orbital bones, mouth terminal, or nearly so, and thoracic ventrals. The dorsal fins are

variously developed, and the anal, also diversiform, is confined mostly to the posterior

half of the length. It will be most convenient to bring them under groups or sub-

families.
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The sub-family of the typical cods, or Gadinse, is distinguished by the development

of three dorsals and two anals, and of complete but moderate ventrals. By far the

most important members of the family belong to it, such as the cod-fish,— specifically

so-called,— the haddock, the pollock, and the whiting.

The common cod-fish
( Gadiis morrhua) is not only the most important species of

the family, but the most important of fishes to man. It may be briefly defined as a

gadine with the lower jaw shutting within the upper, a well-developed barbel, and the

anus below the second dorsal fin ; the chief shoulder-girdle bone is lamelliform. Cod
or cod-fish is the name by which it is universally known to the English-speaking peoples,

but it has also a number of synonyms, either of a local nature or applicable to diEfer-

ent stages or conditions.

Sometimes the species attains a very large size, considerably exceeding one hundred

pounds in weight. One taken on George's Bank in 1838, after having been evisce-

rated, weighed one hundred and thirty-six pounds. Another, taken in 1873 by a lady

of St. Louis, on a fishing excursion at Eastern Point, weighed one hundred and

thirty pounds. Captain Atwood, a verj' experienced and educated fisherman, once

saw one which weighed as much as one hundred and sixty pounds ; the fish was not

much longer than an ordinary fish weighing seventy-five pounds, but was very thick.

Fig. 152.— Gadus morrhua^ coJ.

Such fishes are, however, entirely exceptional. Captain Atwood has informed us that

on the coast of Cape Cod he has never seen a male cod-fish, with the exception just

noticed, which weighed more than sixty pounds. In regai'd to the general size of the

cod, the same authority remarks that it differs very widely in different localities.

When taken on the Grand Bank, it usually requires from thirty to forty to make a

quintal when dried. Those caught in the Gulf of St. Lawrence with hand lines are

smaller, requiring seventy to eighty per quintal. In the same locality, however, cod

are caught with trawl lines requiring only twenty to twenty-five to make a quintal

;

while on the coast of Labrador they are all small, and it requires about one hundred

to one hundred and ten for a quintal. The average weight of fish taken about Cape

Cod is in the neighborhood of ten pounds.

The name Gadus and cod, if the conjectures of Sir. Brevoort can be implicitly

accepted, are words which have had a common origin ; for it is asserted that the word

gadus comes from a Sanskrit root, cod or gad, meaning a rod; "we find this root in

English in ' goad,' and, perhaps, in cat-o'-nine-tails." Further, the name cod (having

the same form among the Anglo-Saxons) is cognate with the word "gad, or goad,

a rod." To substantiate the probability of these etymologies, it is afiirmed, as a well-

known fact, that the Germans know the fish as " stock-fisch, from stock, a stick."
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Etymology is a dangerous tool to handle, although a very valuable one, and authors

are not agreed upon the subject. Skeat, for example, remarks that he supposes that

" the word cod must be the same as the middle English codde or cod, a husk, bag,

bolster ; though the resemblance of the fish to a bolster is but fanciful. It is obvious

that Shakespeare knew nothing of the Linnaean name Gadics (Greek, yiiiJos), nor is

the derivation of cod from gadiis at all satisfactory." We leave the choice of the

etymologies to the reader, simply reiterating the dictum of Mr. Skeat that "the

resemblance of the fish to a bolster is but fanciful," with the hint that the cod must

have been known before the bolster. Some vagaries of etymologists as to the names

of fishes have already been referred to (e. g., see John Dory, p. 208).

The home of the cod-fish is in the cold waters of the entire northern hemisphere,

and far into the arctic circle. The authority of Mr. Goode shall guide us for details.

" In the western Atlantic, the species occurs in the winter in considerable abundance

as far south as the mouth of the Chesapeake Bay, latitude 37°, and stragglers have been

observed about Ocracoke Inlet. The southern limits of the species may safely be

considered to be Cape Hatteras, in latitude 35° 10'. Along the coast of the Middle

States, New England, and British North America, and upon all the off-shore banks of

this region, cod are found usually in great abundance, during part of the year, at least.

They have been observed also in the Gulf of Boothia, latitude 70° to 75°, and in the

southeastern part of Baffin's Land to the northward of Cumberland Sound, and it is

more than probable that they occur in the waters of the Arctic Sea to the north of

the American continent, or away around to Bering's Straits." Its range in the

North Pacific has not been equally well ascertained. It appears, however, " to occur

in the same abundance on all the off-shore banks of this region, and also close to the

coasts to the north of the Straits of Fuca. According to Jordan, there is said to be

a cod-bank outside of the mouth of the Columbia, but the species, at present, is of no

economical importance south of Alaska."
.

The ocean banks of moderate depths are the favorite resorts of the cod, but it is

by no means confined to those localities. The fish, indeed, occasionally enters into

fresh, or at least brackish, water. According to Canadian authorities, it is found
" well up the estuary of the Saint Lawrence, though how far up is not definitely

stated, probably not beyond the limits of brackish water." Even as far south as the

Delaware River it has been known to enter the stream. Dr. C. C. Abbott records

that in January, 1876, "a healthy, strong, active cod-fish, weighing nearly four pounds,

was taken in a draw-net in the Delaware River, near Trenton, New Jersey; the stom-

ach of the fish showed that it had been in river-water several days. Many of them

had been taken about Philadelphia between 1856 and 1869."

The cod ranks among the most voracious of ordinary fishes ; and almost everything

that is eatable, and some that is not, may find its way into its capacious maw. Years

ago, before naturalists had the facilities that the dredge now affords, cods' stomachs

were the favorite resort for rare shells, and some species had never been obtained

otherwise than through such a medium, while many filled the cabinet that would not

otherwise have been represented. In the words of Mr. Goode, "cod-fish swallow

bivalve fish of the lai-gest size, like the great searclams, which are a favorite article of

food on certain portions of the coast;" further, "these shells are 'nested,' the

smaller inside of the larger, sometimes six or seven in a set, having been packed

together in this compact manner in the stomachs of the cod-fish after the soft parts

have been digested out. Some of them had shreds of the muscles remaining in them,
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and were quite fresh, having evidently been but recently ejected by the fish." Even
banks of dead shells have been found in various regions, which are supposed to be the
remains of molluscs taken by the cod. Shell-fishes, however, form probably but the

smaller portion of its diet, and fishes of its own class contribute materially to its food,

— such as the herring family, the capelin, etc.

The cod-fish, in its mode of reproduction, exhibits some interesting peculiarities.

It does not come on the coast to spawn, as was once supposed, but its eggs are depos-

ited in mid-sea, and float to the surface, although it does reallyj in many cases, approach

the land to do so. Prof. G. O. Sars, who has discovered its peculiarities, " found cod

at a distance of twenty to thirty Norwegian miles from the shore, and at a depth of

from one hundred to one hundred and fifty fathoms." The eggs thus confided to the

mercy of the waves are very numerous ; as many as 9,100,000 have been calculated in

a seventy-five-pound fish. " When the eggs are first seen in the fish, they are so small

as to be hardly distinguishable ; but they continue to increase in size until maturity,

and after impregnation have a diameter depending upon the size of the parent, vary-

ing from one nineteenth to one seventeenth of an inch. A five to eight pound fish

has eggs of the smaller size, while a twenty-five pound one has them between an

Fig. 153. — Melanogrammus (sglefinus, haddock.

eighteenth and a seventeenth." There are about 190,000 eggs of the smaller size to

a pound avoirdupois. They are matured and ejected from September to November.

The haddock, Melanogrammus ceglefinus, is another important member of the sub-

family Gadinffi, and may be distinguished from the cod by tlie smaller mouth, the

black lateral line, and the swollen proscapula or chief element of the shoulder girdle.

Its fins are also more angulate or pointed than in the cod. Its average size is about

three or four pounds ; one of seventeen pounds is the largest that has been recorded,

but a number of twelve-pound fishes, and still more in proportion for the lower figures,

have been obtained. The range of the haddock is much more limited than that of

the cod-fish ; it is confined to the North Atlantic, and extends less to the northward

than the cod, although about equally far southward. Within its more limited range

it is found generally upon the same fishing grounds. In winter and spring, fishes are

taken " in Fisher's Island Sound and outside of Fisher's Island, on the coast of eastern

Connecticut ; and also in great quantities on Nantucket Shoals, by the smacks, and are

carried thence with cod to the New York market. In 1871 it was estimated that the

catch of haddock here was nearly equal to that of cod, although the latter usually

predominated. They abound north of Cape Cod, in the Gulf of Maine, and in the

Bay of Fundy, in the Basin of Minas, on the coast of Nova Scotia, in the Gulf of
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St. Lawrence, and in the Bay of Chaleuv." In the eastern Atlantic its range is com-

paratively more extended, and more nearly coincident with that of the cod. According

to Mr. Goode, " remarkable variations in the abundance of this fish are upon record

;

at certain times they have been exceedingly rare, at others abundant in the extreme.

They appear to be much more gregarious than the cod-fish, and to swim together in

large schools from place to place."

As to its food, there is little difference between the haddock and the cod. Most

sea animals are acceptable, and Prof. Verrill has said that " a complete list of the ani-

mals devoured by the haddock would doubtless include all the molluscs belonging to

the fauna of New England." One difference between the haddock and the cod, how-

ever, is stated to be that while " salted menhaden is a favorite bait for haddock," it is

" not desirable for cod ;
" but " both cod and haddock will readily take stale clams,

which are much better for bait than fresh ones."

The haddock spawns on " rocky bottoms in the German Ocean in February and

early March, at a dejjth of twenty-two to twenty-five fathoms," and about Cape Ann
"begins about the middle of April, and continues during nearly three months, the

height of the season being in May," according to Mr. Earll. The haddock being

smaller than the cod, the number of its eggs is less. In one of nearly ten pounds,

1,839,581 eggs were calculated, while one of two pounds and a half yielded only

about 169,050.

The haddock is held in considerable favor as a food fish, and the demand seems to

have increased of late years. " It is especially desirable for boiling, or for making

chowders, and is a great favorite in Boston, while in Philadelphia enormous quantities

are yearly consumed." It is also cured by smoking in the " Scotch method," which

has been introduced into the United States. " Finnan Haddies are manufactured in

enormous quantities in Portland and Boston. At Provincetown, a haddock salted

and dried after being split is called by the name ' skulljoe,' or ' scoodlo.'
"

Another important Gadid is the pollock, Pollachius virens. This has the lower

jaw projecting beyond the upper and the barbel is small, or entirely absent ; the color

is greenish-brown above, even inclining to blackish ; the sides and inferior regicSn are

of a silvery hue, and the lateral line whitish. Pollock is the chief name by which it

known in America. It has a very large number of appelatives in England ; nearly

one hundred have been enumerated, but the one most in use appears to be coal-fish.

It is intermediate in size between the haddock and cod-fish, the average being probably

not far from ten to twelve pounds, but individuals of twenty and even of thirty

pounds are by no means uncommon. Its geographical range is peculiar, extending

northward nearly as far as the cod, and southward it is said to enter the Mediterra-

nean, but is very rare in that sea. It also rarely enters the Baltic. It is confined to

the Atlantic, but represented by a related form in the North Pacific. In the words
of Mr. Goode, " unlike the cod and haddock, the pollock is, to a great extent, a sur-

face-swimming species. The fishes of this species congregate together in large

schools, roaming from place to place in search of food. To a certain extent they feed

at the bottom, like cod, but they are more often seen at the surface of the water,

where they prey upon young fish of all kinds." They are also much more prone to

approach close to the shore, and are frequently taken from the wharves and the shores

generally.

The pollock's reproductive habits are essentially similar to those of the cod-fish.

The eggs are matured in October or November, and, consigned to the waves, float to
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the surface as do those of cod-fish. The young more frequently are to be found under

the umbrellas or disks of large jelly-fish. Their growth appeal's to be more rapid

than that of the cod, " since the young fish are so much more voracious, but we have

no means of determining the length of time required for them to attain maturity."

In the opinion of Mr. Goode, " the pollock is one of those species whose value as

an article of food is very much underestimated. Many persons who have investigated

Fig. 154. —a, Melanogramnais teglefinus, haddock ; 6, Merlangus vulgaris, Ti'liitlng j c, Gcuius morrhtia, cod.

the subject accurately prefer salted pollock to salted cod-fish, although the flesh is not

so white." It is, however, " for use in the fresh state " that it " deserves the highest

commendation."

The whiting, Merlangus vulgaris, is another species of the genus, held in high

estimation in England and other parts of Europe, but not known along the American

coast. The upper jaw is the longer, but it has no barbel.

The whiting is said to attain a weight sometimes of eight pounds, but a fish of

two to three pounds is considered to be a very fine one. Its range is more restricted
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to the northward, than that of the cod, haddock, or pollock, and it does not extend

across the ocean. We are informed by Dr. Day that on the British coasts, "it appears

in the spring in large shoals, and though delighting in sandy bays, where young fish

abound, it seems to be shy, and mostly keeps from half a mile to three miles from

the shore, in springtime hanging about the more distant rocks," and " even during

summer months, it often keeps two or three miles from the coast." It is believed to

be very susceptible to the influence of cold. Its flesh is highly esteemed, according

to Dr. Day, "more so, perhaps, than any other species of the genus, being very easy

of digestion." It is often caught by " whifiing, when it gives good sport, especially

during rough weather ; " the best time is "early in the morning, or in the evening;

it will rise, by moonlight, into mid-water after its prey."

There are a number of fishes closely related to the cod, haddock, and pollock, and

belonging to the same sub-family, Gadinse. The most noteworthy of the American

species are the tom-cods; the eastern species being the Microgadus tomcod ; the

Pacific coast species, the M. proximios. These are of small size, the average

being less than a foot, and during the summer season they come close into shore, and

are frequently taken from the wharves. They are quite savory, but of little econom-

ical importance compared with their larger relatives.

Several other sfiecies of this family are of scientific interest as well as economic

importance. The dorsal fins are reduced to two, the first being rather short, and the

second very long and without any division whatever, and the anal is also entire ; a

peculiar character is manifested in the ventral fins, which are extremely narrow and

bifurcated or produced into two long slender filaments, the other rays being very rudi-

mentary, and not apparent externally. The sub-family name Phycinse has been used

for them.

Three species are common along the eastern American coast, Phycis chuss, Phycis

tenuis, and Phycis regius. The first two are of some economical importance, espec-

ially on account of their air-bladders or sounds; they are generally known as hakes, the

true hake {Merlucius') being called silver-hake or whiting. The corresponding

species of England, Phycis blennioides, is sometimes designated as hake's dame, and

is also named fork-beard.

The accompanying illustration of an Australian and New Zealand species {Mac-

rurus australis) will give an idea of the form.

A fresh-water Gadid, the burbot, is the type of another sub-family, the Lotinje,

distinguished by the development of two dorsals, a first short one, and a second

long fin
; the anal is also elongate, and the ventrals are like those of the Gadinte.

Several salt-water species, constituting the genus Molva, belong to it, as well as the

burbot.

The burbot. Lota maculosa, L. lota, is the only exclusively fresh-water Gadid, and

is common to the northern portions of both Europe and America. In America it is

more generally known as the cusk and eel-pout, but in Alaska as the Losh (a corruption

of Loche, common among the French Canadians). In Alaska it occasionally attains a

length of six feet and a weight of sixty pounds, according to Mr. Dall ; but such a

size is entirely exceptional. The average size of mature individuals is in the neigh-

borhood of five pounds.

The burbot, is an inhabitant of the lakes and rivers of central and northern

Europe, and in America extends southwards into the Susquehanna River in the east,

and Missouri in the central regions, but is more common as well as larger northwards.

VOL. III. — 18
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Like its kind, the burbot is a voracious feeder, and few animals living in the same
waters are exempt from its attacks ; even stones have been repeatedly found in its

stomach. The hours of darkness are those in which it is most active in search of
prey, and when the iishermen chiefly seek for it.

The spawning season appears to be mid-winter to early spring. The eggs are mod-
erately numerous, an average size female maturing about 160,000 to 180,000 eggs, but
in large individuals they are more numerous. The eggs readily separate from each
other, and are deposited on the bottom. The young are mostly hatched in about
three or four weeks, according to temperature. At first they move but little, and in a
circle

;
later, and when fully developed, they swim by quick movements of their pec-

toral fins.

Difference of opinion prevails as to the edible qualities of the burbot. It is

Fig. 155.— McKrunis aitstralis.

rarely eaten in the United States, except the liver, and is regarded as an unmarketable
soft fish. There are, however, exceptions. About Winnepiseogee Lake, for example,
it is said to be " highly esteemed," and in Montana " the soldiers eat all they can get
of them." A noted angler, Mr. Charles Lanman, even thought that " the flesh of the
fresh-water cusk," as he called it, " is white, firm, and of good flavor. The liver and
roe are considered delicious."

A peculiar use has been found for the burbot in Siberia. According to Mr. Dall,
the skins are used as a substitute for glass in windows.
A family (Merluciid^) closely related to the Gadida is represented by fishes of an

elongated, compact, and powerful form, covered with regular bi-ight scales, with a head
above excavated by a median cavity, bounded behind by ridges diverging from the
supra-occipital crest. There are two dorsal fins— the first complete and short, the
second long and sinuated. The anal resembles the second dorsal. The pectoral fins

are long, and rather narrow ; the ventral fins thoracic and complete. Only one genus
of this family has been recognized. The species are distributed quite generally in the
temperate and moderately cool seas, both in the northern and southern hemispheres.
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The popular name current in England is hake, but in the United States the prefix

' silver ' is generally added, to distinguish it from the species of Phycis, which are

known in the New England states as hakes. It is also frequently called whiting,

New England whiting, or Old England hake. The species are all very voracious, and

are found in water of moderate depth.

The common English species is Merlucius vulgaris; that of the eastern American

coast, Merlucius bilinearis. The American is at once distinguished from the European

species by the larger scales. It ranges from about New York to the Gulf of St.

Lawrence, where it is common, especially in the Bay of Chaleur ; but it has rarely

been observed as far north as the Straits of Belle Isle. It has also been takcu as

far south as latitude 36° or 37°, but at greater depths than in the north.

A large group of fishes related to the cod-fishes was, for a long time, known
through few and rare species, but the deep-sea explorations of recent years have

brought to light many members of the same group, and have revealed the fact that the

long-known species were rare simply because they were wanderers from their home
in the deep, and that they and their kindred are among the most common of the deej)-

sea fishes. Maceueid^ is a family name conferred on them. They have an elongated

body, tapering from the head into a long, very attenuated tail, and the scales are generally

rough or spiny ; the head is large, and most have a produced and ridged snout, and

cheeks covered by enlarged sub'Orbital bones ; a first short and somewhat elevated fin

exists near the nape, and generally has the first ray spine-like and prickly ; a long

second dorsal, and still larger anal, are confluent M'ith the generally undistinguishable

caudal ; the pectorals are nonnally developed, as are also the ventrals, which are in

advance of the former. Though generally much unlike the cod-fish in appearance,

their anatomy proves that they are closely related, and there are forms which greatly

narrow the gap between the typical representatives of the two families. The longest

known species are the Macrurus rupestris and Coryphmnoides norvegicus of the sub-

arctic and deep seas. The Coryphcenoides is found occasionally (very rarely) in

British seas, but does not appear to have received an English name. In Norway,

where it is oftener taken, it is called Berg-lax.

Sub-Okdek XV.— Heteeosomata.

A cTiaracteristic is exhibited in some fishes whereby they depart from all other

vertebrates and manifest an exception to a general rule, viz. : that the sides are alike,

or, in other words, that vertebrates are " bilaterally symmetrical." It is true that

asymmetry is seen in most of the viscera of vertebrates generally, and even in some

of the head-bones, especially about the nose of the toothed cetaceans, but the asymme-

try is entirely concealed or not conspicuous externally. In a number of fishes,

however, the want of bilateral symmetry is very striking ; the body is very com-

pressed, and one side, as a rule, is whitish or uncolored, while the other is dark

;

further, the eyes are both on the colored side. The fishes so marked are popularly

known as flat fishes. They are prone to lie on the bottom, flat on the light side, and

with the dark side, much the color of the ground, upwards, and the eyes are then

both seen and seeing in one direction. Such is the case with the old and all but the

very young. But a remarkable history is that of the flat-fishes. When they are born,

and for some time afterwards, they are symmetrical fishes, with an eye on each side,

and may be seen swimming in mid-water, nearly straight, but with a tendency to lean
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to one side. The tendency to do so becomes more and more marked, but the eye of

the inclined side disdains to look downwards, and strives to turn upwards ; the

endeavor accomplishes its purpose, and finally it becomes settled upwards, and the

contiguous parts of the skull are twisted round to correspond.

The typical flat-fishes, constituting the family Pleukonectid^, are all much com-

pressed, with the contour more or less rhombiform ; the head is angulated at the

front, and generally the lower jaw is produced ; the preoperculum is quite distin-

guishable externally, and the mouth is oblique and rectilinear ; the lateral line is dis-

tinct. To it belong numerous species ; there are on the eastern coast of the United

States twenty-two species, and on the western coast twenty-four species.

The most important representative of the family is the halibut {Sippoglossus

vulgaris) ; it is distinguished from all other species by its more elongated and much
thicker body, and its head is still thicker in proportion. The caudal fin is also

eraarginate. It is the least aberrant of all the flat fishes, save one, of the American

waters. It is found in the northern Atlantic, as well as northern Pacific, very near

the shores in shallow water, and upon the off-shore banks and the edges of the conti-

nental slope down to a depth of two hundred to two hundred and fifty fathoms or

more.

The halibut is emphatically a cold-water species. " That it ranges nine or ten

degrees farther south on the American than on the European coast, is quite in

accordance with the general law of the distribution of fish life in the Atlantic ; indeed,

it is only in winter that halibut are known to approach the shore to the south of Cape

Cod, and it is safe to say that the temperature of the water in which they are at

present most frequently taken is never, or rarely, higher than 45°, and seldom higher

than 35°, and often in the neighborhood of 32°. Its geograjjhic range corresponds

closely to that of the cod-fish, with which it is almost invariably associated, though the

cod is less dependent upon the presence of very cold water, and in the western

Atlantic is found four or five degrees— in the eastern Atlantic at least two— nearer

the equator, while the range of the two species to the north is probably, though not

certainly, known to be limited relatively in about the same degree. In the same

manner the halibut appears to extend its wanderings further out to sea, and in deeper

and colder water than the cod. Although observations on this point have necessarily

been imperfect, it seems to be a fact that, while cod are very rarely found upon the

edge of the continental slope of North America, beyond the two hundred and fifty

fathom line, halibut are present there in abundance."

The name halibut was formerly sujsposed to be derived from holy and hut, that is,

a sacred or holy fiat-fish ; but why it should have been called " holy " was a matter of

wonder, and the suspicion arose that something must be wrong in the etymology.

By far the most probable conjecture is, that it is descriptive of habitat, a word

meaning a hole flounder, or flat-fish living in holes or deep places; this would be

really appropriate as well as in accordance with usage in several languages.

In Sweden it is called hallefisk or halleflundra, which means a hole-fish or hole

flounder; that is a deep-sea fish or deep-sea flounder.

The halibut is the largest by odds of all the Pleuronectidae, and ranks indeed fourth

in size among the teleost fishes of the United States. There is, however, a consider-

able difference between the sexes. The male, it is claimed, rarely exceeds fifty

pounds, and is ordinarily in poor condition and less desirable for food. The aver-

age size of the full-grown female is somewhere between one hundred and one hun-
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dre'd and fifty pounds though sometimes much heavier. Indeed, one has been recorded

by a celebrated Swedish ichthyologist, Nilsson, which weighed 720 pounds, but the

most experienced halibut fishers have never met with such giants, and Captain Atwood
doubted the truth of a published account of one which weighed over 600 pounds ; and

the largest that he had seen were two in 1879 ; one weighing 359 pounds, and the other

401 pounds. A fish weighing 350 pounds is between seven and eight feet long, and

nearly four feet in width. Small ones are very rarely met with. The very large ones

are coarse as food, and a fat female of 80 pounds is considered by good judges to be in

the highest state of perfection ; males are not, however, so highly esteemed. Small

halibut weighing from ten to twenty pounds are often known as chicken-halibut, and

such are the most esteemed and command a high price.

According to Mr. Goode, " the history of the halibut fishery has been a peculiar

one. At the beginning of the present century, these fish were exceedingly abundant

in Massachusetts Bay. From 1830 to 1850, and even later, they were extremely

abundant on George's Banks ; since 1850 they have partially disappeared from this

region, and the fishermen have since been following them to other banks, and, since

1874, out into deeper and deeper water, and the fisheries are now carried on almost

exclusively in the gullies between the off-shore banks and on the outer edges of the

banks, in water one hundred to three hundred and fifty fathoms in depth."

The halibut, with its large mouth, is naturally a voracious fish, and probably

would disdain few objects in the way of fresh meat it would come across. It

is said, however, to feed more especially upon crabs and molluscs in addition to

fish. These fish " they waylay, lying upon the bottom, invisible by reason of their

flat bodies, colored to correspond with the general color of the sand or mud upon
which they rest. When in pursuit of their prey they are active, and often come
quite to the surface, especially when in summer they follow the capelin to the

shoal water near the land. They feed upon skates, cod, haddock, menhaden, mack-
erel, herring, lobsters, flounders, sculpins, grenadiers, turbot, Norway haddock, bank-

clams, and anything else that is eatable and can be found in the same waters." Fre-

quently halibut may be seen chasing flat-fish over the bottom of the water. About
Cape Sable their favorite food seems to be haddock and cusk. A very singu-

lar mode of attacking a cod has been recorded by Captain Collins, an experienced

fisherman and good observer. They often kill their prey by blows of the tail, a

fact which is quite novel and interesting. He has described an instance which
occurred on a voyage home from Sable Island in 1877: "The man at the wheel
sang out that he saw a halibut flapping its tail about a quarter of a mile off our
starboard quarter. I looked through the spy-glass, and his statement was soon veri-

fied by the second appearance of the tail. We hove out a dory, and two men went
with her, taking with them a pair of gaff-hooks. They soon returned, bringing not
only the halibut, which was a fine one of about seventy pounds' weight, but a small

cod-fish which it had been trying to kill by striking it with its tail. The cod-fish was
quite exhausted by the repeated blows, and did not attempt to escape after his enemy
had been captured. The halibut was so completely engaged in the pursuit of the cod-

fish, that it paid no attention to the dory, and was easily captured."

The females become heavy with roe near the middle of the year, and about July
and August are ready to spawn, although " some fishermen say that they spawn at

Christmas " or " in the month of January, when they are on the shoals." The roe of a

large halibut which weighed three hundred and fifty-six pounds weighed forty-four
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pounds, and indeed the " ovaries of a large fish are too heavy to be lifted by a man
without considerable exertion, being often two feet or more in length." A portion of

the roe, "representing a fair average of the eggs, was weighed and found to contain

2,185 eggs," and the entire number would be 2,182,773.

The turbot, Psetta maxima, is distinguished by its wide body, the absence of any

scales, and the development of simple tubercles upon the body, and the color, which

is sandy-brown with dark spots and blotches on the colored side. The fish is of large

size, being next in that respect, among the English flat-fishes, to the halibut. The

largest authentic one appears to have been of seventy pounds weight; another of

forty-four and a half pounds was taken in Ireland ; Parnell was informed of one

which weighed one hundred and ninety pounds, but this, doubtless, was a halibut,

which sometimes bears the same name in Scotland.

The range of the turbot is almost throughout the European seas, extending from

the Mediterranean to the coast of Scandinavia. It is found on sandy and muddy
bottoms in water of moderate depth, and even in shallow water. It is erratic in its

movements, however, and in winter generally retires into deeper water. Its diet

appears to consist of crabs and their like, but it also feeds upon star-fishes, sea-

urchins, and the eggs of fishes, and fishes themselves of its own class.

The reproductive organs become functionally develoised in spring and summer.

The female has a large number of eggs of very small size ; in one of twenty-three

pounds weight Buckland found the roe weighing five pounds nine ounces, and with

about 14,311,200 eggs. The young appear to retain their symmetrical condition for a

longer period than most of its kind, but this may be due to the larger size of the fish

itself. Dr. Day mentioned one of one and a half inches long, in which the eye was

still in transit from one side to the other. In the Southport aquarium the young of

two and a half years jsast had grown to a weight of ten pounds, and in two years

more the same fishes had further augmented to twenty pounds, or an average annual

increase of four and a half pounds each.

The turbot is the prince of its tribe, so far, at least, as its relations to man are con-

cerned. Its reputation, however, is probably to some extent the result of fashion, and

it is not probable that it really has points of excellence much above two or three

American species of the family. It is generally boiled for the table, and lemon juice

is rubbed over to preserve its whiteness.

The turbot has been repeatedly stated to be found along the American coast, but

all such statements have been baseless. Its nearest American relative is the Lopho-

psetta maculata, a fish of no value for food or anything else, and known by such sug-

gestive names as window-pane and daylight, it being so thin as to be almost transpa-

rent. But it is sometimes called spotted-turbot. In the United States, however, the

namq,turbot is chiefly applied to flat-fishes of the genera, Paralichthys and Reinhardtius.

The common plaice of Europe (Plewonectes platessa) is a fish with teeth like the

palings of a fence, compressed, blunt, and close together ; the body is covered with

small, imbricated, cycloid scales, and there are still smaller ones on the cheeks and

opercular bones ; the lateral line is nearly straight. The color of the dark side is

brownish, suffused with reddish and mottled with orange or yellowish spots nearly as

large as the eyes. One has been found of fifteen pounds weight, but the general size

is less than two pounds. It ranges along the Atlantic coast of Europe, but is very

rare in the Mediterranean. It is found upon both sandy, muddy, and rocky

bottoms, and in waters of moderate depth. "When disturbed, it will shoot away
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suddenlj' for fi short distance, and can work itself rapidly into the sand, where it lies

concealed, with only its eyes being apparent." Its food consists, to a large extent, of

shell-fish, but it is limited by the small size of the mouth. The breeding season is

" about February or March." The eggs are moderately numerous, 144,600 having been

found in a fish weighing four pounds fifteen ounces. In the words of Dr. Day, "the

opinion was formerly entertained that the plaice is descended from a shrimp, and Di-.

Deslandes investigated the subject. He first placed some of the shrimiDS in a vessel

of salt water, and after twelve or thirteen days he discovered eight or nine young

plaice. The next year he placed some of these fish in two different salt-water recep-

tacles, and to one lot he added a few of the shrimps, not so to the other. Both lots

spawned, but it was only where the shrimps were that any young were produced. On
examining the shrimps, he discovered the ova attached to the under surface of these

crustaceans, and he felt persuaded that their maternal care is a necessity for bringing

forth the fry." Such was the way our forefathers reasoned and experimented

!

The plaice is esteemed as a table fish, and large numbers are brought to the mar-

kets, upwards of three millions being annually consumed in London. Its quality is

said to depend upon " the nature of the ground on which it is captured : when from

sand, it is firm and sweet ; if from muddy, the reverse." They are chiefly taken by
" lines or beam trawls."

Several near relatives of the plaice inhabit American waters, the nearest on the

Atlantic coast being the Pleuronectes glaher, which is called fool-fish at Salem,

because they are easily decoyed and bite even at a rag, and Christmas-fish, for the

reason that it approaches the harbors about the time indicated.

Very nearly related' to the Pleuronectids, but apparently of a different family—
the SoLEiD^— are the sole and its many relations. They are more or less elongated,

compressed, elliptical fishes, with a rounded protuberant snout, the upper eye further

forward than the lower ; the mouth in nearly a horizontal curve, and the opercular bones

invested and concealed by the thick, skin. The species are numerous, and most are of

small size ; in the intertropical seas are the homes of a large proportion, but some are

found in the northern as well as southern temperate waters, and mostly belong to dif-

ferent genera from the tropical forms.

The famous sole of England is a fish of a long elliptical form, with moderate-

sized pectoral fins developed upon both sides, no visible nostrils upon the blind side,

and of a grayish or brownish color, with the right pectoral marked by a black blotch

at its distal and upper half. It reaches a goodly size, and sometimes becomes quite

large. The largest of which we have record was twenty-six inches long, and weighed

nine pounds ; another weighed seven and a half pounds ; and still another two feet

long weighed- six and a half pounds. The average, of course, is much less, and some-

where near a pound.

The habitat of the sole is nearly the same as the turbot, being found in and from

the Mediterranean to the Scandinavian shores. According to Dr. Day, it " appears to

prefer sandy or gravelly shores," but is " rather uncertain in its migrations, for, al-

though mostly appearing at certain spots almost at a given time, and usually decreas-

ing in numbers by degrees, in other seasons they disappear at once, as suddenly as

they arrived." Along the British sea coast " they retire to the deep as frosts set in, revis-

iting the shallows about May, if the weather is warm, their migrations being

influenced by temperature." The food of the sole is, to a considerable extent,

molluscous, but it is also said to eat the eggs and fry of other fishes and sea-urchins.
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The spawning season is " late in the year and during the spring months." The ova

are in moderate number ; a sole of one pound weight has, according to Buckland,

about 134:,000 eggs. The newly-hatched, according to Dr. Day, do not appear to 'be

commonly found so far out at sea as some other species. They enter into shallow

water at the edge of the tide, and are very numerous in favorable localities.

As is well known, the sole is one of the most esteemed of European fishes. In

the words of Dr. Day, " the flesh of this fish is white, firm, and of excellent flavor,

those from the deepest waters being generally preferred." "Those on the west coast

and to the south are larger as a rule than those towards the north " of the British

islands. In addition to its use as food, it is available for another purpose. The skin

is used for " fining coffee, being a good substitute for isinglass," and also as " a material

for artificial baits."

The markets are generally supplied by the trawl. " The principal English trawl-

ing ground lies from Dover to Devonshire. They may be taken by spillers, but are

not commonly captured with hooks ; it is suggested that one reason may be that

spillers are mostly used by day, whereas the sole is a night feeder." They are some-

times angled for with the hook, baited with crabs, worms, or molluscs; the most fav-

orable time for fishing is at night, "after a blow, when the water is thick, while a land

breeze answers better than a sea breeze."

The nearest American relative of the sole is a shorter fish destitute of pectorals,

for which reason it has be^n named Achirus lineatits. It is a worthless animal, as one

of its popular names— hog-choker— suggests. The name sole is misapplied on the

Pacific coast to several true Pleuronectids.

Okdee VIII.— HEMIBRANCHII.

The well-known sticklebacks are the most familiar representatives of another

order of true fishes. Although the external appearance may not excite suspicion of

essential distinction from the ordinary Acanthopterygians, an examination of the skel-

eton reveals differences that have been regarded as of ordinal value. The shoulder-

girdle does not have two bones, as usual, connecting the larger one with the cranium,

but a single one connects the proscapula, or largest bone of the shoulder-girdle, with

the skull. In addition to this, the pharyngeal bones and branchial arches generally

are reduced, and some elements deficient. It is to this imperfection of the branchial

apparatus that the ordinal name— Hemibranchii— alludes. Six families are recog-

nizable for the living representatives of the order.

The Gastebostkid^ are hemibranchs with the body more or less fusiform and

elongate ; the sides naked, or covered with a more or less extended row of vertical

shields, and the head acute or produced into an almost tubiform snout ; the back is

armed with stout, pointed spines ; the ventrals are sub-thoracic, and each has a spine

and one or two rays. Stickleback is a general name, alluding to the strong dorsal

spines, for all the forms of the family Gasterosteid®, but numerous other names are

given.

The species are confined to the northern hemisphere, and are all of small size, and

some are very minute, and among the smallest of fishes. In Europe three genera occur,

one almost confined to the sea and the others indifferently inhabiting salt and fresh

water. In the United States four genera are developed, two brackish water ones in

common with Europe, and two peculiar to the United States and quite distinct from
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the others. All are singular among fishes in their mode of building a nest, and the

provision which nature has made for such a task. It is the male alone that is the

nest-builder, and he is provided with a special organ or gland. According to Mr.

John A. Ryder, this secreting gland is " a large vesicle filled with a clear secretion,

which coagulates into threads upon contact with water. It appears to open directly in

front of the vent." " As soon as it is ruptured it loses its transparency, and what

ever secretion escapes becomes whitish after being in contact with water for a short

Fig. 156.— Gaaterosteus aculeatus and SpinacMa spinachia, sticklebacks.

time. This has the same tough, elastic qualities as when spun by the animal itself,

and is also composed of numerous fibres, as when a portion is taken which has been
recently spun upon the nest." Thus provided, when the nuptial season has arrived,

the male stickleback prepares to build his nest wherein his mates may deposit their

eggs. How this nest is built, and the subsequent proceedings of the stickleback, have

been told us in a graphic manner by Mr. John K. Lord, from observations on a

western American species, although the source of his secretion was misunderstood.
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" The site is generally amongst the stems of aquatic plants, where the water al-

ways flows, but not too swiftly. He first begins by carrying small bits of green ma-
terial, which he nips off the stalks, and tugs from out the bottom and sides of the

banks ; these he attaches by some glutinous material, that he clearly has the power of

secreting, to the different stems destined as pillars for his building. During this ope-

ration he swims against the work already done, splashes about, and seems to test its

durability and strength ; rubs himself against the tiny kind of platform, scrapes the

slimy mucus from his sides to mix with and act as mortar for his vegetable bricks.

Then he thrusts his nose into the sand at the bottom, and, bringing a mouthful, scatters

it over the foundation ; this is repeated until enough has been thrown on to weight

the slender fabric down, and give it substance and stability. Then more twists,

turns, and splashings to test the firm adherence of all the materials that are intended

to constitute the foundation of the house that has yet to be erected on it. The nest,

or nursery, when completed, is a hollow, somewhat rounded, barrel-shaped structure,

worked together much in the same way as the platfoi-m fastened to the water-plants

;

the whole firmly glued together by the viscous secretion scraped from off the body.

The inside is made as smooth as possible by a kind of plastering system ; the little

architect continually goes in, then, turning round and round, works the mucus from his

body on to the inner sides of the nest, where it hardens like tough varnish. There

are two apertures, smooth and symmetrical as the hole leading into a wren's nest, and

not unlike it.

"All this laborious work is done entirely by the male fish, and when completed he

goes a-wooing. Watch him as he swims towards a group of the fair sex, enjoying

themselves amidst the water-plants, arrayed in his best and brightest livery, all smiles

and amiability ; steadily, and in the most approved style of stickleback love-making,

this young and wealthy bachelor approaches the object of his affections, most likely

tells her all about his house and its comforts, hints delicately at his readiness and abil-

ity to defend her children against every enemy, vows unfailing fidelity, and, in lover-

fashion, promises as much in a few minutes as would take a lifetime to fulfil. Of

course she listens to his suit
;
personal beauty, indomitable courage, backed by the

substantial recommendations of a house ready-built and fitted for immediate occui^a-

tion, are gifts not to be lightly regarded.

" Tlirowing herself on her side, the captive lady shows her appreciation, and by

sundry queer contortions declares herself his true and devoted spouse. Then the

twain return to the nest, into which the female at once betakes herself, and therein

deposits her eggs, emerging, when the operation is completed, by the opposite hole.

During the time she is in the nest (about six minutes) the male swims round and

round, butts and rubs his nose against it, and altogether appears to be in a state of

defiant excitement. On the female leaving, he immediately enters, deposits the milt

on the eggs, taking his departure through the back door. So far, his conduct is

strictly pure ; but I am afraid morality in stickleback society is of rather a lax order.

No sooner has this lady, his first love, taken her departure, than he at once seeks

another, introduces her as he did the first, and so on, wife after wife, until the nest is

filled with eggs, layer upon layer, milt being carefully deposited betwixt each stratum

of ova. As it is necessary there should be two holes, by which ingress and egress can

be readily accomplished, so it is equally essential in another point of view. To fer-

tilize fish-eggs, running water is the first necessity ; and, as the holes are invariably

placed in the direction of the current, a steady stream of water is thus directed over them."
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The principal species of sticklebacks belong to three genera ; there are the two-
spined sticklebacks

( Gasterosteus), the largest American members of the family, having,
as the namfe indicates, two divergent spines on the back; the many-spined sticklebacks
(Pyffosteus), distinguished by the development of about six to ten divergent spines
on the back; and the little Apeltes quadracus, which has three free spines on the back,
but is more especially distinguished by the pelvic bones being widely separated and
extending along the sides, instead of being like a spear-head, and pointed at the middle
of the belly, as in the other species.

The largest of all the sticklebacks, and an exclusively salt-water fish, is the Spina-
chia spinachia or vulgaris, the many-spined stickleback. It is readily distinguishable
by its slender form, tubiform snout, much elongated tail, and numerous dorsal spines.
It is confined to the eastern side of the north Atlantic.

Fig. 157. — Fistularia tabaccaria, tobacco-pipe fish.

A family nearly related to the Gasterosteids is that of the Attloehtnchid^,
distinguished by the snout being elongated and tube-like, the development of four

rays besides the spine to each ventral, and of four branchiostegal rays. Two species,

representing two genera, are the only known species ; both are inhabitants of the

north Pacific, and resemble considerably the Spinachia of Europe, but have a still

more tubiform snout.

The name Fistulaeiid^ is given as a family designation for Hemibi-anchs with

the first four vertebrae very much elongated, a very long and somewhat depressed

body, a long tubiform snout, and ventrals arising near the middle of the length, and
having five or six rays each, but no spines; they are also destitute of dorsal spines.

The two median rays of the caudal fin are united together and form a long filament

extending backwai'ds. The species are chiefly known under the name tobacco-pipe

fishes; a couple of them occasionally visit the coasts of the United States, but they
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are chiefly denizens of tropical seas. Little is known of their habits. The Fistularia

tabaccaria is perhaps the most common species.

Several species of more compressed scaly fishes, with many weak dorsal spines,

constitute another family— Aulostomidje— closely related to the preceding.

A species of Hemibranch, known on the English coast as snipe-fish, is the type of

another family, called CbnteiscidjE, or Maceoehamphosidje. Its representatives

have a comparatively short sub-ovate body, covered with bony plates in front, and

especially about the back, an elongated tubiform mouth, ventrals about the middle of

the abdomen, with a spine and seven rays each, and a small distinct spinous dorsal

Fig. 158.

—

MacrorliampliosiLS scoiopax^ snipe-fish.

about the middle of the body. The type, Macrorhamphosus scolopax better known

as Centriscus scolopax, is quite a common fish in the European seas, and one speci-

men of it has been found on the Massachusetts coast. It is called by the English

snipe-fish and woodcock-fish.

The only remaining fishes of the order of Hemibranchs are of a very curious type

known as the family Amphisilid^. These have the body excessively compressed and

diaphanous, and the caudal portion is much abbreviated and deflected downwards by

the encroachment of the dorsal cuirass over the dorsal *fin ; still further, this cuirass

is composed of plates connate with the ribs, the lateral ones being developed in con-

nection with the ribs; the head is produced into an elongate tubiform snout; the

ventrals are abdominal, and there are two dorsals crowded upon the downward-bent

tail. The species are confined to the Indian and Pacific oceans.
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Order IX.—LOPHOBRANCHIL
Another order of bony fishes is represented by those known as pipe-fishes and sea-

horses. The most prominent of the characters of the group is the development of

the gills in the form of tufts instead of laminse, as is usually the case ; there are,

however, other characteristics of still more value to be found in the skeleton, which

substantiates, .apparently, the title of the group to ordinal rank. Three families are

recognized, two of which are well represented in the American waters.

Sub-Order I.— Solenostomi.

One of the families, Solenostomid^, at the same time represents a sub-order,

the Solenostomi. The species are very odd-looking fishes, with a spinous dorsal in

front, and large ventral fins opposite it, and with the soft doi'sal and anal on elevated

ridges, and the body in consequence appears to be contracted between the two
dorsals ; the tail is very short, but the tail-fin very long. Three species have been

described from the oriental seas, one of which bears the appropriate name Sole-

nostoma paradoxa. The females take care of the eggs in pouches improvised by the

ventral fins.

Stjb-Ordee II. — Syngnathi.

The other two families, comprising most of the species, constitute the sub-order,

Syngnathi, in which the first dorsal and ventral fins are lost.

The family of the true pipe-fishes, Syngnathid^, is recogniz-

able by the very elongated body, which lies in the same axis from

snout to tail. They are interesting on account of the peculiar pro-

vision for the care of their young. All of the American species

have a pouch under the tail, commencing just behind the anus,

which is formed by two folds of the skin meeting at the middle

below. Such pouches are peculiar to the male. The female lays

her eggs, and the male takes thera and transfers them to his pouch,

and there they are retained until the young are hatched, and their

safety is thus obtained, not only in the egg state, but also a short

time after they are hatched, while gaining strength for their future

struggles in life. The species are numerous, and distributed in all

seas, but in the North American only one genus is represented,

'Siphostoma, or, as it is more generally called, Syngnathus.

The most common species of the eastern coast is the Siphostoma
pecMi. The species chiefly lives among the eel-grass of the coast,

and feeds probably upon the minute crustaceans that abound in such

places.

The sea-horse is the type of a family (Hippocampid^) of stouter

fishes than the SyngnathidoB, and the body and the entire form

more or less incline to a sigmoid curvature, the axis of the head being at an angle with

the body. The characteristics of the family i-each their maximum in the common sea-

horses, or species of Hippocampus, and the likeness to a horse's head, or still more to

the knights of a chess-board, is striking. The head, however, only answers to the

head of a horse, and the so-called neck would constitute the greater part of the body
of the sea-horse. The little fishes are chiefly to be found in eel-grass or in other vege-

FlG, 159. — Brood
pouch of Sipho-
stoma,
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tation, and are wont to twist the very prehensile tail around some stalk, and there

remain, with ' neck ' curved upwards, slowly wafting the pectoral fins, and imparting

an undulatory or vibratory movement to the dorsal fin. Once in a while a very faint

clicking sound may be heard emanating from the fish ; it is like the sound produced by

the pincers of an Alpheus shrimp rapidly moved on each other. The eggs are taken

care of by the male in a sac open forwards under the tail.

The Hippocampus heptagonus, or antiquorum, is a common European species;

and the Hippocampus liudsonius is a nearly related American form.

Fio. 100. —Hippocampus heptagonus, sear-horse, and SipJiostoma acus, pipe-fish.

A remarkable form of this family is the genus Phyllopteryx, of which a couple of

species are known from the Australian seas. Both bear cutaneous appendages, and in

one of the species (P. eqiies), they are very long and foliaceous, well simulating the

vegetation in which it lurks, concealed alike from its enemies and its prey. The eggs

are carried by the male, not in a sac, as by the Hippocampi, but imbedded in the soft

membrane under the tail portion.

Order X.— PLECTOGNATHI.

The next order we have to consider is one exhibiting great variation in external

features, and, as a rule, they are quite unlike the typical fishes ; and it is for this

reason, rather than because there are any very salient structural features, that the
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group has been distinguished as an order— Plectognathi. The real anatomical

characters, however, are very slight, and in many, or rather most, respects, they sub-

stantially agree with those of the Teleocephali ; but the elements of the lower jaw are

coalesced into single pieces answering to the two rami; the supramaxillary and

intermaxillary bones are also generally united (and it is in allusion to this that the

name Plectognathi has been given), and the scapular arch is connected by suture with

the cranium.

SuB-ObDEE I.— SCLEKODERMI.

The Scleroderms are the most generalized of the Plectognaths, and those least

aberrant in external appearance as well as anatomical characters. They are, in brief,

Fig. 161. — Phyllopieryx eques.

Plectognaths with a spinous dorsal (often reduced to a single spine) just behind or

over the cranium ; of a normal, fish-like form, covered with scales of regular form, or

more or less spiniferous or spiniform, and with distinct teeth in the jaws.

The species which exhibit the nearest relation to any of the typical fishes are cer-

tain forms found in the East Indian and Cuban seas. These form the family Tkiacan-

THiD^. They manifest some relationship to the fishes that have been previously

considered among the Teleocephali under the heading Teuthidoidea (p. 211).

The Triacanthidae have a compi-essed body, covered with scales not unlike those of

typical fishes, two dorsals, the first having several spines, and two large ventral

spines, but no soft rays. Inasmuch as the only special interest of the family is the

manifestation of the relationship of the order, we pass at once to a better-known

group.

A prominent form in tropical seas is that which has been distinguished as the

family Balistid^. These are compressed fishes with scales either of a rhomboid
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form and small, or reduced to spiiiiform appendages. The anterior dorsal fin is com-

posed sometimes of three spines, sometimes of one ; in the former case, the first spine

is the largest, and, when erect, is held in place by a peculiar articulation of the second,

which interlocks with it. In the others the fin is reduced to a single spine, which

may be far advanced forward, even upon the head. The ventral fins are entirely

wanting, but the pelvis is movable, and its extremity often manifested by a spiny

armature, although in others it is entirely concealed within the integuments. The teeth

are incisorial. The species arc numerous and represent several sub-families.

The most common species of eastern America is one known as the trigger-fish along

the southern states, leather-jacket at Pensacola as well as at Key West, and in Ber-

muda it is even endowed with the name of the celebrated turbot. It is said by Mr.

S. Stearns to be "very common in the Gulf of Mexico, from Key West to the Missis-

sippi River." It "lives in deep waters near the coast, on the grounds where red-

snappers and groupers are caught. It is one of the most abundant species. In regions

where it is not eaten, it is regarded as a pest by fishermen, from its habit of stealing,

bait from their hooks. Its manner of taking the bait is rather peculiar," for, instead

of pulling the line downward or to one side, " it raises it upward so quietly that the fish-

erman does not perceive the motion, and then, by careful nibbling, cleans the hook

without injury to itself. Expert fishermen, however, can tell by the 'lifting of the

lead,' as it is called, what Is going on below, and know what they have to contend

against. The usual remedy is to seek other fishing grounds where the leather-jackets

are not so troublesome. When one of these crafty fish has been hooked, there is not

much probability that it can be landed ; for its sharp, powerful teeth are almost sure

to Cut some part of the gear, enabling it to escape." 5Ir. Stearns had " several times

known of their biting in two the large red-snapper hooks on which they were caught.

They remain throughout the year on the fishing gi-ounds, where the water varies from

ten to forty fathoms. On these same grounds it is probable that they spawn."

Although rejected by many as food, it is by some, as in Bermuda, " considered a

valuable food fish." But it is not only as food that it is subservient to man. Mr.

Goode tells us that the skin is " used for scouring and polishing purposes at Key West
and the Bahama Islands. In the Bermudas, also, the skin of the turbot is used by

carpenters almost to the exclusion of sand-paper, the former being better adapted to

fine work in polishing wood."

SuB-OrDEE II.— OSTRACODBRMI.

A single family is the type of another order, which is intermediate between the

Scleroderms and some very specialized forms to follow. The characteristics of this

sub-order are the absence of a spinous dorsal, the development of the dermal covering

into a solid coat of mail composed of interlocking plates, and the presence of distinct

teeth in the jaws.

The only family of the sub-order, Ostbaciontid^, is distinguished by its angular

polygonal form, the whole of the body except the caudal being encased in a series of

large and generally hexagonal plates, whose edges mutually join, leaving no laxity

whatever of the trunk. The teeth are compressed, curved, and sharp, in a single

row, and generally eight above and below. Not more than a couple of dozen species

are known, which appear all referable to two genera. The rigid box in which

the fishes are encased entail more use of the dorsal and anal fins than is customary
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among fishes, for progression. According to Mr. Goode, " the propelling force is

exerted by the dorsal and anal fins, which have a half-rotary, sculling motion resem-

bling that of a screw propeller." The caudal fin merely acts as a rudder, except in

cases of emergency.

The trunk-fishes, on account of their strange form, have been long the objects of

tlie collector's efforts, and even more so in past times than now. In the early part of

the last century it appears that fishes of this kind were on exhibition at prominent

taverns in Europe, and Artedi mentioned several of those in which he saw specimens.

As a result of this passion, says Mr. Goode, "no group of tropical fishes is so thor-

oughly worked out in the writings of the fathers of natural history as this one. Over

two hundred years ago, every species of trunk-fish now taken from the Atlantic was

known to and described by the naturalists of northern Europe, and it is a well-deserved

tribute to their discrimination as zoologists to say that none of the many efforts which

have since been made to subdivide their species have been at all successful."

The trunk-fishes are, to a limited extent, used as food. It is said that in the West
Indies and in Florida they are " sometimes baked in their own shells, and, when cooked

in this way, are considered by many persons to be great delicacies." Their use is

sometimes accompanied with danger, however ; for " there are instances on record of

serious cases of poisoning which liave resulted from eating them. These cases occurred

in tropical countries, where the flesh of fish often becomes deleterious after a few

hours' keeping."

Sub-Oeder III. — Gymnodontes.

By far the most grotesque and unlike any true fishes are those belonging to the

present sub-order. The body is enclosed in a skin which is almost sack-like, and which

is capable of great distension, especially in the ventral region. The scales are reduced

to very small spines (except in the Triodontidse) imbedded in the skin, and some-

times almost or absolutely wanting. No spinous dorsal is developed, there being

only a soft fin ; the ventral fins are entirely wanting. The teeth are not represented as

such, but are consolidated with the jaws, and these are in one piece above or below, or

in two pieces in one or both jaws. Several well-marked families belong to this group.

The family of Teiodontid^ is simply noteworthy for the dermal covering, which

resembles that of the Balistinse, and also for the long, movable pelvis, which like-

wise recalls the Balistinse.

The chief family of the sub-order is that distinguished as Teteodontidje. In

these the jaws are in two teeth-like pieces, both above and below ; and the dorsal and

anal fins are moderately developed, as is also the caudal. The skull as well as

the other portions of the skeleton have a number of peculiar characters, which verify

the validity of the group. In this group we have the dilatability of the abdomen

often well manifested. In some species the belly is very extensible ; and the names

swell-fish and puffer have been given in allusion to it. The species are quite nume-

rous, and representatives of two genera are found along the eastern American coast.

They are,.however, only summer residents, and have traveled or been wafted from

warmer seas. On account of their remarkable form they attract the attention of

most dwellers by the sea, and therefore have received numerous popular names, such

as swell-fish, bottle-fish, bellows-fish, egg-fish, globe-fish, swell-toad, blower, box-fish,

etc. Two species are tolerably abundant along the eastern American coast.

VOL. III.— 19
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Fig. 162.

—

Diodmi maculaius, globe-fish, normal and inflated.

The most common eastern American species, Cirrhosomus turgidus, has the skin

prickly all over, and its abdomen is very inflatable. Perhaps the most common name
for it is swell-fish or egg-fish. It

ranges as far north as Cape Cod, and

at some points on the coast is very

abnndant ; as at " the eastern end

of Long Island, where a hundred or

more are sometimes taken in one

haul of a fyke-net." It frequently

takes the hook. " When drawn up,

it immediately inflates its body to

a prodigious size by means of sliort,

jerking inspirations, the sac becom-

ing distended with air if in tlie at-

mosphere, or water when submerged.

By scratching it on the belly, or

pounding it, it "will readily inflate

itself several times in succession, and

again dischai'ge its load at a single

effort through mouth and gills.

When inflated and thrown on the

water, it will sometimes float to

a great distance before collapsing.

The skin around the eye of this

species is contractile to such an extent as to completely close \\\) the latter by

a kind of puckering." When the eye is open, however, it presents rather a pretty

appearance, for the iris is of a beautiful reddish brown, and with an inner circle of a

coppery or brassy color.

Another species, often known as rabbit-fish {Lagocephalus Icevigatus), is rather a

straggler to the northern American coast. It is, however, a common fish in the Gulf

of Mexico. It is one of the largest species of the family, and sometimes " attains the

length of three feet and the weight of five or six pounds." It is used for food in

some places, especially Cuba. Like its congener, it may be taken with a hook.

The Tetrodon fahdka is a typical and long-known species of the family, inhabiting

the Nile. (See illustration on page 291
.)

Two other closely related families are the Psilonotid^ and Chonerhinid^.

The DionoNTiD^ form another family which is also well distinguished externally.

As the name indicates, the jaws are entire, and simulate two teeth coincident with

the periphery of the mouth, one above and one below. All the species of this family,

too, have well-developed spines, which are generally capable of erection, and, as the

fish is able also to greatly dilate its abdomen, these spines then stand outright, and

give a really formidable appearance to the animal. The dilatability of the abdomen is

at least as great as, and in several species greater than, in the Tetrodontidse. The pop-

ular name porcupine-fish is the one in most general use for the various species, but

several of them are also called rabbit-fishes on account of a supposed mimicry of tlie

head of the rodent by the diodont. Three genera are represented along the American

coast : Diodon, whose species are more especially called porcupine-fishes, Chilomycte-

rus, to whose members is most applied the name rabbit-fish, and a peculiar genus
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called Trichodiodon, remarkable for the very slender flexible spmes resembling stiff

hairs, and which has accordingly been named the hairy box-fish.

A typical and well-tnown species of the family is the Diodon maculatus, a Tro-

picopolitan fish, being found in the tropical American, and East Indian seas, as well

as in the Pacific Ocean.
. * t+

The last of the order is that which also is the most eccentric and aberrant. Its

species seem to be only parts of fishes, the posterior end abruptly terminating and

appearing as if it had been cut off and the skin grown over agam ;
the head is mostly

rounded in front, and the jaws and armature are single and without any suture above

or below, thus resembling the Diodontidse. The dorsal and anal fins are near the

truncate posterior extremity, and are connected together by a posterior border or fin.

Fig. 163.— Tetrodon fahaka, swell-flsh.

It is to this family (Molid^ or OBTHAGOEiscroiE) that the giants of the order belong,

— one, the common sun-fish, sometimes weighing eight hundred pounds.

The type of the family is also the most common. Scientifically it is known as

Mola mola, and its most common popular name, in England and America, is sun-fish.

It is recognizable by its very short body, smooth skin, and erect dorsal and anal fins

invested in skin, and connected by a thick skinny border around the hinder part of the

body. It is a giant among fishes, and is perhaps the highest of any. Occasionally it

reaches a weight of seven or eight hundred pounds, and this weight is said to^ be

the co-ordinate of a length of seven or eight feet. Its distribution is quite extensive,

for it has been found in all the temperate seas of both the northern and southern

hemispheres, ranging further south in the winter. Two individuals were taken as

far south even as the mouth of the St. John's River, in Florida, in the winter of

1874-75. It is a fish.prone to come to the surface on sunny days, and, throwing

itself on its sides, to bask in the sun. Thus floating along with one of the bright

sides just on the surface, individuals maybe frequently seen by the traveler along the

coast. "As they float, the waves ripple and break over them, and the heavy pectoral

fins move slowly to and fro through the air. Thus lying, they are very conspicuous
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objects, and may be seen at long distances. Tbey spend whole days in this position,

and may be very easily approached and harpooned." It is from this habit of basking

in the sun that this species takes its popular name, sun-fish.

The sunfish is said to feed chiefly

on Acalephs, called by the sailors

jelly-fish or sun-squalls. This seems

to be very doubtful, however, for

there is extremely little nutritious

matter in the Acalephs, and the

strong jaws would indicate a more

substantial food.

Common as the species is, its mode

of reproduction and places of breed-

ing are still unknown. The sun-fish

has been said to undergo a startling

metaraoi'phosis. There is a fish of

very small size, sometimes about an

inch in length, and with a very high

body, with dorsal and anal fins very

elevated, but without any posterior or

caudal fin. This little fish, known as

the Ifolacanthus aculeatus, is very

rare, but occasionally it has been

found even in mid-ocean, in the zones

occuijied by the common sun-fish.

Some have even considered this little

fish to be the representative of a

family different from that of the

sun-fish ; but it has been recently

contended that it is nothing but the young of the sun-fish. The evidence is not con-

clusive one way or another, but if the little fish is the young of the big, we have one

of the most remarkable cases of development on record.

The uses of the sun-fish are very limited, and there is a difference

of opinion in respect to its edible qualities. In Prof. Goode's opinion,

as a food fish the sun-fish is probably the most worthless in our waters;

the flesh is hard and thin, and, when cooked, sej^arates into oil and

bunches of tough fibres. A popular writer, however, says the flesh

of the sun-fish is " white and well flavored, and is in much request

among sailors, who always luxuriate in fresh meat after the monotony

of salted provisions. In flavor and aspect it somewhat resembles

that of the skate." Its liver, it appears, is also of some use. This

is large, and " yields a very considerable amount of oil, which is

prized by the sailors as an infallible remedy against sprains, bruises, and rheumatic

affections."

Oedek XI.— PEDICULATI.

A group of fishes exhibiting much more trenchant characters than the Plectog-

nathi, and equally remarkable for the eccentricity of their shapes, is that known as

Fig. 164. — Mola mola, sun-flsli.

Fig. 163. — Molar
canthus paltassi.
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the Pediculati. The chief characteristics of this group or order are the position of

the gill apertures, and the reduction in number, to two or three, of the bones (actin-

osts) which are at the base of the pectoral fins, and which, in ordinary fishes, are four

'in number. The gill apertures are reduced to a simple foramen on each side, which is

in the axil or behind the base of the pectoral. The actinosts are mostly very elon-

gated, and form a pedicle or stalk to the pectoi-al fins, whence the name of the order

— Pediculati. The scapular arch is co-ossified with the cranium, and there are other

peculiar characters in the skull, which prove that the order is a distinct, as well as

natural one. A remarkable feature in the development in these fishes is the extreme

modification often to be seen in the first dorsal fin.

The family containing by far the most numerous species of the order is that of

the Antbnnaeiid^. These have the first dorsal fin generally represented by three

spines, the first of which is usually more or less modified into a sort of tentacle ; the

second is rather long ; the branchial apertures are in the inferior axil of the pectorals
;

the mouth is wide and oblique, and the lower jaw closes in front ; the pectoral fins

are more or less capable of being bent downwards, and exhibit a sort of elbow at the

junction with the bones at the base, or the actinosts, which are three in number. To
this group belongs the little fish which is found in mid-ocean among the Sargassum

"weed, and which is celebrated for its nest-building proclivities. Most of the other

species of the family belong to the genus known as Anfennarius, and these live mostly

in coral groves, often with head downward, where they lie in wait for prey.

Another family of the order, named Ceeatiid^, is noteworthy as containing a

number of species all of which are inhabitants of the deep sea, and some of which

are very eccentric in the development of the fins and the so-called fishing apparatus.

The basal bones of the pectoral fins are much less elongated than in any of the others,

and their habits must be correspondingly different.

The largest and best known of the Pediculate fishes form the family Lophiid^,

represented by the anglers. These have the branchial apertures in or behind the ante-

rior axils of the pectoral fins ; the anterior dorsal fin is divided into three parts ; in the

first there are three disconnected spines, and behind are three smaller ones united into

a continuous fin ; the second dorsal and anal are of moderate length ; the bones at the

base of the pectorals are reduced to two, and the pectorals make scarcely any elbow

with the stalks or false arms; the mouth is deeply cleft, and the lower jaw projects

somewhat in front of the upper.

The name ' angler ' is derived from the supposition that by means of the foremost

dorsal spine, which bears leaf-like tags or appendages at the end it angles for fishes

itself, lying upon the ground with its head somewhat upraised. According to Mr. S.

Kent, however, this is at most only partly the case. " That the fish deliberately uses

this structure as a fisherman does his rod and line for the alluring and capture of

other fish is a matter of tradition handed down to us from the time of Pliny and

Aristotle, and which scarcely any authority since their time has ventured to gainsay.

Nevertheless, like many of the delightful natural-history romances bequeathed to

us by the ancient philosophers, this one of the angler-fish will have to be relegated to the

limbo of disproved fiction. The plain and certain ground of facts, all the same, has fre-

quently more startling revelations in store for us than the most fervid imaginations of

philosophers, and that this assertion holds good in the case now under consideration must

undoubtedly be admitted. It is here proposed to show, in fact, that the angler is one

of the most interesting examples upon which nature has exercised her handicraft, in
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the direction of concealing the identity of her protege, such ingenuity being some-

times utilized with the object of protecting the organism from the attacks of other

animals, or, as illustrated in the present instance, for the purpose of enabling it by
stealth to obtain prey, which it lacks the agility to hunt down after the manner of

ordinary carnivorous fishes. To recognize the several details here described, it will not

suffice to refer to examples simply— and usually most atrociously— stuffed, nor even

to those preserved in spirit, in which all the life colors are more or less completely

obliterated, and the various membranous appendages shrunk up and distorted. In

place of this, a healthy living example fresh from the sea, or, better still, acclimatized

in the tanks of an aquarium, must be attentively examined, and whereupon it will

be found that this singular fish, throughout the whole extent of its superficies, may be

appropriately designated a living sham." It was, in the first place, observed by Mr.

Kent, " that the fish, while quietly reclining upon the bottom of its tank, presented a

most astonishing resemblance to a piece of inert rock, the rugose prominences in the

neighborhood of the head lending additional strength to this likeness. This resem-

blance being recognized, it was next found, on a little closer inspection, that the fish

constituted, in connection with its color, ornamentations, and manifold organs and

appendages, the most perfect facsimile of a submerged rock, with that natural clothing

of sedentary animal and vegetable growths common to boulders lying beneath the

water, in what is known as the Laminavian zone. In this manner the numerous

simple or lobulated membranous structures dependent from the lower jaw, and

developed as a fringe along the lateral line of the body, imitate with great fidelity the

little flat calcareous sponges (Grantias), small compound ascidians, and other low

organized zoophytic growths that hang in profusion from favorably situated submarine

stones. That famous structure, known as the angler's ' rod and bait,' finds its precise

counterpart in the early growing phase of certain sea-plants, such as the oar-weed

(Ziaminaria), while the more posterior dorsal fin rays, having short lateral branchlets,

counterfeit in a like manner the plant-like hydroid zoophytes known as S&rtularim.

One of the most extraordinary mimetic adaptations was, however, found in connection

with the eyes, structures which, however perfectly the surrounding details may be

concealed, serve, as a rule, to betray the animal's presence to a close observer. In

the case of the Angler, the eyes during life are raised on conical elevations, the sides

of which are separated by darker longitudinal stripes into symmetrical regions, the

structure, as a whole, with its truncated summit upon which the pupil opens, repro-

ducing with the most wonderful minuteness the multivalve shell of a rock-barnacle

{Balanus). To complete the simile, the entire exposed surface of the body of the

fish is mapped out by darker punctated lines into irregular polygonal areas, whose

pattern is at once recognized by the student of marine zoology, as corresponding with

that of the flat, cushion-like expansions of the compound tunicate, Botryllus viola-

ceiis. Thus disguised at every point, the angler has merely to lie prone, as is its wont,

among the stones and debris at the bottom of the sea, and to wait for the advent of

its unsuspecting prey, which, approaching to browse from what it takes to be a flat

rock— differing in no respect from that off which it obtained the last appetizing

morsel of weed or worm— finds itself suddenly engulphed beyond recall within the
'

merciless jaws of this marine impostor."

Half a dozen species of anglers have been described, the best known being the

one common to the northern parts of Europe and America, the LopMus piscatorius,

which is figured on page 177.
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The common angler, Lophius piscatorius, is better known along the New England

coast as goose-fish or monk-fish. It is found occasionally as far south as Chesapeake

Bay, or even Cape Lookout, but is exceptional there, or at least confined to deep

water, for the fishermen do not generally know it. In its noi-thern range, hoTTever,

and along the coast of New England, it is abundant, and may be found from the shoal

waters to a depth of three hundred fathoms or more, as off Newport, Rhode Island.

It has not been detected north of Nova Scotia. With its enormous mouth, which

can only be appreciated by looking into it from the front, it may be easily distin-

guished from every Other denizen of the American waters. Some of the numei-ous

popular names allude to the size of the mouth and its capacity, such, for example, as

'all-mouth,' ' wide-gap,' 'kettle-maw,' and ' wide-gut.' This is also one of those fishes

to which has been applied that popular name of English sailors and fishers, 'devil-fish.'

The angler is a sluggish animal, generally lurking upon the bottom in the midst of

sea-weed, but occasionally it may be seen swimming on the surface. It is an ex-

Fig. 166. — Malthe vespertilio, bat-fisli.

tremely voracious fish, and the most common of the American names, 'goose-fish,'

alludes to its capacity to master and ingest the well-known bird in its capacious maw.
A fisherman told Mr. Goode that " he once saw a struggle in the water, and found
that a goose-fish had swallowed the head and neck of a large loon, which had pulled

it to the surface, and was trying to escape. There is authentic record of seven wild

ducks having been taken from the stomach of one of them. Slyly approaching from
below, they seize birds as they float upon the surface."

The angler or goose-fish spawns in summer along the eastern American coast, and
the result of its labor is quite remarkable. " The eggs are very numerous, enclosed

in a ribbon-shaped gelatinous mass, about a foot in width and thirty or forty feet

long, which floats near the surface. One of these ribbons will weigh perhaps forty

pounds, and is usually partially folded together, and visible a foot or eighteen inches

from the top of the water, its color being brownish purple. The number of eggs in

one of these has been estimated to be from forty to fifty thousand." The growth of

the young after exclusion from the egg is rather rapid, and Prof. Goode saw " young
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iish two or three inches long," while others were yet spawning, and these young fish

were presumably the fry of those that had spawned the same year, only somewhat
earlier. In a few days after hatching they present a striking appearance on account

of the enormous development of the pectoral and ventral fins.

The last family of the order is that of the bat-fishes, or Maltheid^. Some have

the forehead produced forwards into a more or less elongated kind of snout, and the

first dorsal is reduced to a single short appendage which is lodged in a cavity under

the snout-like prolongation, and just above the mouth ; the mouth is horizontal and

transverse, and varies in size in the different species ; the branchial apertures are in

the superior axils of the pectoral fins, instead of the inferior, as in most of the others.

The best-known species is that generally called bat-fish {Malthe vespertilio). It is said

that the fish assumes an almost toad-like attitude on the ground, the head being

directed slightly upwards, and the tail stretching straight backwards and held up by
the anal fin, while the pectorals assume the function of hmd legs and the ventrals of

fore ones. It is an inhabitant of the tropical and warm eastern American coast waters.

Several curious specimens of the family are inhabitants of the deep sea.

The long roll-call of the fishes is finished ! It had been revised, and none but the

living retained, among the Teleosts at least. But our conception and knowledge of

the class would be deficient were no reference made to the dead, and without some

hints as to the genealogy of the chief groups.

The ancestors of the fishes— but not fishes themselves— must have existed in the

earliest fossiliferous periods of which we have knowledge. But they were soft-bodied

animals, destitute of internal as well as external skeleton. For unnumbered aeons,

animals of rank as low as, or still lower than, the lancelet, must have tenanted the

ancient seas, and, quite likely, even the rivers. All there was of skeleton consisted of

a long membranous substance running lengthwise in the body, and between the nar-

row channel serving for the passage of the nervous cord and the larger cavity con-

taining the viscera ; there was even no rudiment of a skull ; there were but rudiments

of a brain and heart ; the branchise were represented by simple bars between lateral

slits in the front part of the intestinal canal; all there was of fins consisted of median

and low anterior lateral folds ; otlier parts of the organization were equally inferior.

Such were of the class of Leptocaedians. It must have been long afterwards

when the longitudinal axial rod had become more developed, and in connection

therewith a kind of skull came into being ; then also a more complicated branchial

skeleton had been developed ; brain, heart, liver, and other viscera had become spe-

cialized, and could have been recognized as such with readiness. The forms were

doubtless diversified and numerous
;
probably in most lateral folds continued, and in

some were perhaps even differentiated into anterior and posterior fins. But all such

died out without leaving any yet discovered traces, and the only known representa-

tives are those of the class that has been named Mtzonts and Maesipobeanchi-

ATES : those which have continued to the present time became elongated and eel-like

in form, and consequently lost entirely the lateral fialds or fins ; furthermore they

become partial parasites, and doubtless to this habit the two widely distinct orders

represented by the hags and lampreys owe their continued existence.

From some type of the group so represented were born forms which became more

and more developed ; scale-like indurations of the integuments supervened, a concres-

cence of the cephalic cartilages resulted in a " skull," pectoral and ventral fins
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became differentiated, and scales around the margins of the jaw became teeth. With
the materials for great diversity, great diversity ensued. The class of Selachians

had come into existence, and long reigned the highest of Vertebrates, and still remain,

represented by two divergent groups ; on one hand the Holocephals, on another the

Sharks, with the Notidanids nearest the ancestral types, and the Rays most distant

and specialized.

From a type most resembling the Holocephals of familiar forms, another group m
time originated. A concrescence of the scales took place forwards, in the form of

plates on the head and behind the head, which dipped inward upon the skull and

shoulder-girdle, and, still later, became in their turn covered by the skin, and mem-
brane bones were constituted, the branchial skeleton became concentrated in the

back of the head. The class of Fishes was then definable. Increased diversity

became manifested ; a diverticulum originated from the floor of the stomach or

(Esophagus, and this was utilized for the respiration of air, and various forms came

out of the waters, and on the land sought for food and safety. A development of the

bones which supported the pectoral and ventral fins was concomitant with the change,

and enabled them to slowly progress on land, where few, if any, enemies could cope

with them. The Dipnoans and bichirs are modified survivors of this group. We have

in them parents at once of the Teleostomous fishes and the amphibians.

For a certain tendency was exhibited by some forms, and the diverticulum lost its

inchoate lung-like function, and assumed a hydrostatic one, moving round and

upwards till it reached the roof of the visceral cavity under the backbone, and estab-

lished a shorter communication with the uppermost arch of the intestinal canal. The
air-bladder was thus developed. The type so brought into being increased and multi-

plied, and, even as early as the cretaceous period, had almost become the predominant

group of fishes ; the brain and heart, as well as other parts, had become modified, and

the great horde of Teleosts was outlined. The structure and habits of those

fishes were in full accord with the conditions of sea and river ; not so those of the

older forms. The consequences of the new order of things became evident as time

rolled on. From small beginnings the Teleost crowd continued ever swelling

down the stream of time, crowding out their parent stocks, and their older relatives

and progenitors gradually faded out, or were forced out of existence. Coats of mail,

even, were of little account ; and the heavily armed Ganoids were unable to maintain

their race against their light and active rivals. Most of the new stock developed

innumerable eggs, or took active care of their young, and in other respects became

accommodated to the changing conditions. These hunted the eggs or young of

the older stock ; and such raids, in connection with various elements of unfitness,

resulted in the gradual diminution and final extinction of the older fishes. A few

isolated groups were at last alone left of the mighty races of the olden times. On
the other hand, the Teleosts invaded all waters,— the coasts, the open seas, the deep

seas, the torrid seas of the equator, the ice-covered seas of the jjoles, the inland

streams and lakes, — and adapted themselves to all conditions. Swiftness was gained

by one, power of concealment by another ; one took to the most limpid streams, an-

other accommodated itself to muddy and stagnant pools ; some dove down into the

greatest depths, others sought escape by flight into the air from the waters when
death threatened, and still others left their native element for a time to seek safety or

sustenance on land. A riotous variety supervened, intense specialization in various

directions became manifest, and the means by which such specializations were effected
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became obliterated by the extinction of intervening fomis ; orders have become recog-

nizable and definable, and are expressive of our knowledge as well as of our ignorance,

for trenchantly definable groups are a measure of our ignorance of intermediate

terms.

Compare, for a moment, the faunas of the present and the past.

The predominant forms of our times are Acanthopterygians, Malacopterygians,

Plectospondyles, Nematognaths, and Apodals, and offshoots from them. A single

species (Amia calva) represents one old order,— the Cycloganoids ; a single genus
(Xepidosteus) remains of another once widely distributed order,— the Rhomboga-
noids ; a couple of genera (I'olypteriis and Calamoichthys) are left of a still more
archaic order— the Crossopterygians, and three scattered genera survive of another

formerly rich old-fashioned type,— the Dipnoans. Such are the fishes. The history

of the Selachians is parallel. New-fashioned types are many, old-fashioned ones few.

Fish remains have been found near the base of the upper Silurian, but the

earliest fauna of which we have any approach to an adequate conception is of the

Devonian epoch. No Acanthopterygians, Malacopterygians, Plectospondyles, Nema-
tognaths, Apodals, or any of their kindred had then come into being. The predomi-

nant forms were most like the Dipnoans and Crossopterygians, but not very near

them. Among the nearest to the Dipnoans were, for example, Ctenodus and Dipterus,

but no existing order, properly defined, seems to have been ushered in as such so

early. Several curious types, such as the Acanthodines, Placoderms, Osteostracans,

and Heterostracans, were conspicuous, and soon to become extinct; other types

remain yet to be discriminated among the fishes of that period ; the Selachians were

represented by members of extinct archaic orders, and no sharks of the common
modern type, much less any rays, had become developed. No remains of Myzonts or

Leptocardians have been discovered, but doubtless those classes were present under

diversified forms. The whole fauna was a strange one, and contrasted, as well by

what it had as by what it had not, with the existing one.

How and when such forms as were characteristic of the paleozoic period died out

and others gradually took their place cannot be told here. Suffice it to say that no

undoubted Teleost fishes have been found in older formations than the cretaceous,

although it may be that even a few triassic forms may prove to be the forerunners

of that great group.

Another tendency was exhibited by others of the old forms. In the Devonian age

were fishes that doubtless came out on the laud, and the potentiality of the quadruped

limbs at least became manifest.

In a synthesis of the still existing Polypterus and Neoceratodus we have the

beginning of the quadrupedal vertebrate. The undivided cartilaginous coracoid of

Polypterus has a tubercle articulating with diverging rods, and in the one we have

the rudiment of a humerus, in the other the representatives of the ulna and radius,

while the indifferentiated cartilage between the diverging rods is material for the

carpal bones, and in bones radiating from that cartilage are the homologues of the

metacarpals. The attempts of a j^rimitive animal of such a type to travel on land

might develop the fore limb, and the hind one would follow in sympathy with the

other. Then we would have the first of the quadruped vertebrates— the Amphibians.

Theodobe Gill.
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Class YI.— DIPE^OI.
git

\y\

Having followed out two lines of the development of

the fish-like vertebrates, one leading through the sharks

and skates, the other through the true bony fishes, we
return again to the central stem, and take up the lung-

fishes, the Dipnoi of scientific terminology, which appar-

ently lead from the ganoids to the Batrachia and the

higher vertebrates. For many years but two living gen-

era belonging to this class were known, and these, from

their curious combination of characters, were bandied

about between fishes and reptiles, at one time being called

fish-like reptiles, and at others reptilian fish. Then, for a

comparatively long time, they remained as members of the

ganoids, with which they have many undoubted affinities.

Exactly where they will ultimately be placed cannot be

told until their embryology is studied. Of this we as yet

know absolutely nothing. During this uncertainty it seems

best to place them here, next the amphibians, between

which and the ganoids they are the representatives of

the connecting links now long extinct.

In external appearance these forms are much like the

ganoids. The body is long and eel-like, and, like the head,

is covered by scales, and terminates in a compressed cau-

dal fin, with weak fin-rays. The head is broad and flat,

and the two pairs of nostrils are more or less within the

mouth. The limbs have a jointed axial skeleton, from

which, in Ceratodus, jointed rays diverge, but in Lepido-

siren, only the axis remains. Frotopterus occupies a

median position in this respect. The notochord persists

through life, but the neural and haemal arches are ossified.

The heart is three-parted, and is composed of one ventricle

and two auricles, the second and smaller auricle receiving

the blood as it returns from the lungs. This structure

is different from that occurring in any of the preceding

groups of fish-like vertebrates. The lungs also are well

developed, as is indicated by the popular name, lung-fishes.

It bears internal pouches, which ponsiderably increase its

respiratory surface, and it communicates with the oesopha-

gus by a duct which terminates on the ventral surface of

the throat, as in the higher vertebrates. In Geratodus

there is but one lung, but in this we observe a symmetri-

cal arrangement into right and left halves, while in the

other genera the organ is completely divided into right and left lungs,

the lungs, gills persist through life.

mv^_

Pig. 167.—Lung of Geratodus, cut
open to show cellular pouches,
c; gl, glottis; e, pulmonary
vein

; /, arterial blood vessels

;

03,

Besides
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Order I.— MONOPNEUMONIA.

The simple condition of the lung sac just alluded to is one of the most marked
characteristics of the family Ceratouid^; the only member of the order. Years ago,

some fossil teeth were described, from the mesozoic rocks, as the type of the genus

Ceratodus, but, for a long time, these remained the only source of our knowledge of

the genus. In 1870 Mr. Gerhard Krefft described a living species of the genus
( C.

forsteri) from the rivers of Queensland, Australia, and shortly afterward Dr. Gtinther

of the British Museum described a second one ( C. miolepis) from the same regions.

These fishes have long been known to the natives, under the name barramunda, who
highly prized their salmon-colored flesh, and ate it without regard to the scientific

interest connected with the fish. The barramunda, or flat-head as the settlers call it,

reaches a length of about six feet, and a weight of twenty pounds. It frequents still

rivers, and feeds on the decaying leaves which fall from the trees and plants bordering

Fig. 168.— Ceratodus forsteri, barramunda.

the banks. It is said at times to leave the water and go on the flats, but its ti-aveling

powers cannot be great, as its weak fins seem scarcely able to support its weight, or

even to drag it along. The eggs are about the size of those of a newt, and, like them,

are enclosed in a gelatinous envelope. Nothing is known of the development, but

this state of ignorance will not long remain, as naturalists are now on its track.

Order II.— DIPNEUMONA.

Like the last, this order contains but a single family, the Sieenid^. The species

are evidently oh a higher plane than Ceratodus, for the lungs are better developed,

and divided into two portions ; the gills are more reduced ; the fins smaller, and their

skeleton simplified. Two genera are known, one of which, Z,epidosiren, comes from

the rivers of Brazil ; the other, Protopterus. from tropical Africa. Lepidosiren para-

doxa was discovered about fifty years ago, by batterer, an Austrian explorer. He
obtained only two specimens, one of which was about four feet in length. But very

few have since been found, and there is hardly any animal, specimens of which are so

much desired in zoological collections. It has the dorsal, caudal, and anal united into

one continuous fin ; the pectorals and ventrals reduced to a long and slender jointed

filament ; and no external gills. It is said by the natives " to produce a sound not

unlike that of a cat, and to feed on the roots of the mandioca, and other vegetables."

Its teeth, however, are sharp and pointed, the molars having the cusps supported by

vertical ridges, facts which would indicate a diet of flesh, rather than of vegetable

nature. Some recent investigations, especially those of Dr. Howard Ayres, seem to
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throw doubts on the validity of this genus, and to show that both the African and

the American forms are congeneric.

JProtopterus annectens, the form which frequently figures in museums as the Lepi-

dosiren is a much more common species. It is found throughout the whole of tropical

Africa, but apparently is most common near the west coast. It inhabits fresh water,

and feeds exclusively on fish, frogs, insects, and other animals. The body is much like

that of the true Lepidosiren, but the pectoral and ventral fins have a slight fringe

;

and three external gill-like appendages protrude from the gill-clefts. It is covered

with rather small cycloid scales, and reaches a length of about six feet. During the

Fig. 169.— Frotoptarus annectens, doko, komtok.

dry season, many of the ponds dry up, but before they are completely desiccated, the

Protopterus descends some distance into the mud, and forms a rounded hollow for a

nest. In this it lives until th« rainy season releases it. The mud around one of these

nests becomes very hard, and the balls thus formed have been dug out, and, without

breaking, have been brought to Europe, and to this country. A short immersion in

water serves to release the fish, which will live for some time in confinement. When

water is plenty, the fish breathes by its gills, but when the ponds dry up, it is forced

to depend upon its lungs; though, from its torpid condition, it needs but comparatively

little oxygen. The natives are fond of the flesh, and in some parts of the interior it

forms a considerable element in the food supply.
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These three genera, Ceratodus, Protopterus, and ILepidosiren, have a very wide
distribution, a fact which here, as elsewhere, indicates that the group is a very ancient

one, and so we may expect to find remains of similar forms in the older rocks. We
have already referred to the fossil teeth of Ceratodus from the mesozoic strata, but
apparently the lung-fishes, extend back to an earlier period, and some authorities

claim that the Devonian fishes, Dipterus and Phaneropleuron, belong to the class of

Dipnoi. These ancient forms were much more fish-like than their modern representa-

tives, and seemed to occupy a position, in some respects, intermediate between the

ganoids and the lung-fishes of to-day.

J. S. KiNGSLEY.
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Class VII. — BATKACHIA.

This class of Vertebrata is intermediate in characters, and therefore in position,

between the fish-like forms and the reptiles. Among the former the Dipnoi approach

it most nearly, while the extinct reptiles of the oldest order, the Theromorpha, are the

nearest allies on the reptilian side. It belongs to the series of vertebrates which have

^^V" 4-

Eia. 170.— Skull of Enjqps inegacephalus, one fifth natural size.

a distinct coracoid bone in the shoulder girdle ; and a distinct quadrate bone in the

skull. The greater 'part of the basicranial axis is cartilaginous, but it is protected

below by a membrane bone, called the parasphenoid. In all these respects, and in the

absence of an allantois of the embryo, the Batrachia agree with the fishes. They dif-

fer from this class in the presence of legs and absence of fins, and in the absence of

various bones which belong to the branchial and opercular systems, and to the sus-

pensor of the lower jaw.

In the course of the growth of a bati-achian, there is always a period which follows
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the freedom of the embryo, in which there are structures for securing respiration in

the water. These gills differ from those of iishes, in that the fringes in which the

blood is agrated stand on fleshy processes of the branchial bones, and not directly on

the bones themselves, though similar struc-

tures are found in the preliminary stages of

some fishes. During this stage the tail is

more or less modified as a swimming organ,

and the condition of the skull diffei-s materi-

ally in character from that of the adult. In

the tailless or anurous Batrachia, the limbs

do not appear until this period has nearly

closed ; while in the tailed or Urodele order,

the limbs appear almost immediately after

the gills. Besides these transitional charac-

ters, the Urodela possess in their early larval

condition a long process in front of the first

gill on each side, which is termed a balancer.

This remains in a few abnormal cases in

salamanders, but is permanent in the sub-

order of the Cascilians, or worm-like Batra-

chia. A similar process exists in the larva

of the frogs of the genus Xenopus, which

resembles superficially a silnroid fish ; but in

the Anura generally, the balancers are want-

ing.

The gills in the Anura (frogs, toads, etc.,)

are soon concealed by a growth of the skin,

which leaves a small orifice for the discharge

of water from the pharyngeal cavity. In one

group of these animals this opening is on the

middle line below, but in the great majority

it is single and is situated on the left side.

The eggs of Batrachia are always de-

posited in the water or in damp places. In

a few instances the young do not seek the

water, and in one species (^Salamandra atra)

they are born alive.

Oeders I. - V.— Extinct.

The class is divided into nine orders;

viz., the Ganocephala, Rhachitomi, Embo-
lomeri, Stegocephali, Proteida, Trachysto-

mata, Urodela, Gymnophiona, and Anura.

Of these the first four are extinct, and the

last five have living representatives. The

first two orders have the vertebral bodies represented by three segments each, a basal

intercentrum, and two lateral pleurocentra (Fig. 171). In the Ganocephala, the occi-

FiG. 171.— Dorsal and lateral views of vertebral

eolumn of Eryops meyacephalus, one fourth natural

size.
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pital condyle is obsolete, while there are two distinct ones in the Rhachitomi (Fig,

170). In the remaining orders the centrum of the vertebra is not segmented. The

Embolomeri differ remarkably from all other Vertebrata, in having between the centra

another set of vertebral bodies, so that each arch has two corresponding bodies.

In the Stegocephali the vertebrse are simple, and the temporal fossse are over-roofed

by bone arranged in distinct segments, as in the preceding orders (Figs. 170 and 172).

In the remaining orders, the temporal fossa is open

above. In the Proteida there is an epiotic bone,

which is unknown in the orders which follow. Like

the Urodela, it has a series of distinct caudal verte-

brae, and the bones of the front are not connate, and

the bones of the second segment of the limbs are

separate. The Urodela include the salamanders.

The Gymnophiona are limbless, and without scapular

and pelvic arches, and the tail is short or wanting. It

includes the worm-like Cfeciliidse. The Anura, or

frogs and toads, have various peculiarities of struc-

ture. The bones of the second segment of the arm

and leg are co-ossified, as are the bones of the roof

of the brain case. The caudal vertebrae are repre

sented by a style or rod of bone..

The genera of Stegocephali present us with :i

variety of external forms, similar to those know: i

among the Reptilia ; thus Sauropleura resembles a

long-limbed lizard, and Tuditanns a short-limbed

one ; Amphibamus, found in the Illinois coal-field, i»

a still more stout and squat form. In Ptyonius and

Oestocephalus we have very elongate types, but in

Phlegethontia, and probably Molgophis, we havr

veritable Batrachian snakes, the Phlegethontia

linearis resembling a whip-snake in its proportions.

In some of the Labyrinthodonts of the Old World we see forms rivalling the Sau-

rians in power of armature and protective shields.

Fig. 172.— Skull of Cricoius crassidiscus.

Order V.— PROTEIDA.

This order embraces but one recent family, the Peoteid^, which includes but two

genera of existing species, Proteus and JVecturus. The former is represented by two

or three species which live in the waters of the caves of Carinthia and Dalmatia in

Austria. These animals have persistent external gills, and four legs, each of which

supports but three toes in front and four behind. The powers of vision of the species

are imperfect, and their colors are pale, as in other cave animals. Proteus anguinus

is the typical species. In the genus Nectiirus there are four toes on all the feet. The

lai-val gills are persistent in this genus also. There are two species, JST. maculatus, of

the rivers and lakes of the upper Mississippi and great lakes system, and JV. punctatus,

from the coast rivers of the Carolinas and Georgia. The color pigment is well devel-
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oped in these species. The If. maculatus is an abundant animal in the gi-eat lakes

and the Ohio and its tributaries. It is a good swimmer and is rather handsomely

spotted. (Fig. 174).

Okdbr VI.— TRACHYSTOMATA.

In the Trachystomata the bones of the skull are less numerous than in any of the

tailed orders, since the maxillary and palatine arches are entirely absent. There is but

one family, the Sikenid^. These are eel-like animals with one pair of legs (the ante-

rior) and without teeth, except a rasp-like patch on the roof of the mouth. This fam-

ily contains two genera, Siren and Pseudohranchus. Both of them have the gills

persistent, but in the latter genus they become functionless with age, owmg to the

Fig. 173. — Protevs angutnus.

thickening of their fibrin^. Both have four toes on the feet. The Siren lacerUna

^

found in ditches in the swamps of the southern states of North America from South

Carolina to the Rio Grande of Texas, and up the Mississippi as high as Alton, Illinois.

It reaches a length of twenty-four inches and is of a dark lead color Jhe Psendo-

Iranchus striatus is broadly striped with yellow, and does not exceed ten inches in

lensrth. It is not rare in Georgia and Florida.

Some years ago I had occasion to observe a Siren confined in an aquanum, which

had been taken near Alton, 111. (Lat. 39°). I first saw it in midwinter
;

it was then

without gills, but frequently came to the surface and took mouthfuls of air, parts of

which would escape through the slits on the neck. There were frequently convul-

sive movements of the latter region, by which the anterior, and sometimes the poste-

rior slits were opened. Water was at the same time drawn in through the external
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nares, and probably reached the pharyngeal cavity. The animal was said to have

suffered an absorption of the gills, virhich lasted two weeks, during which time it would

take no food ; but I suspected they had been nibbled off by some sun-fish (PomoHs),

confined in the same aquarium, who, attracted by their rosy color, thought them lawful

prey. There were very small stumps remaining, of which the two anterior, seventeen

days after my first observation, developed a minute brown fringe on the under side.

Twenty-four days later, the stumps were longei-, and the two anterior now bore a

double series of processes, which were of a rosy slate color. The animal still came

to the surface for air, and disliked excessively to be removed from the water. It

measured nine inches and three quarters in length, and was at first pale brown, with

Fig. ni,— Necturus maculafus, menotranchus.

numerous black dots above, and pale slate below, but became darker, and the spots

larger. There was a golden band on the side of the lip and ' cheek,' and the toes

were tipped with a corneous cap.

Order VII. — URODELA.

This order (which embraces the salamanders) is confined to the northern hemi-

sphere, except that two or three species extend south of the equator in the

Andes. Perhaps a dozen species are found in Mexico and Central America; and

of the remaining species the greater number are found in North America. The fami-

lies and the distribution of their species are as follows :

—
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ca, the former generally distributed in the drainage of the Mississippi basin, the

latter confined, so far as known, to the southern Alleghany region, Protonopsis hor-

rida is the well-known hell-bender of the Ohio. It is aquatic in its habits, and is fre-

quently caught by fishermen on their set-hooks. . The following accounts of its habits

are given by Messrs. Townsend and Frear in the American Naturalist for February

and April, 1882.

" The Protonopsis, called ' alligator ' and ' water-dog,' is an exceedingly vora-

cious animal, feeding on fish, worms, crayfish, etc. ; some of those taken by me
disgorged crayfish shortly after being caught. May it not be a scavenger of the

water? All my specimens were caught in the Loyalhanna creek, Westmoreland

county, Pa. It is well known to those accustomed to fish in the streams of this

region, from its troublesome habit of taking bait placed in the water for nobler game.

Fig. IK.— MuT<Enopsis tridaclyla.

When thus hooked, its vicious biting and squirming, together with the slime which
its skin secretes, render it exceedingly disagreeable to handle. It is often hooked in

bottom-fishing for cat-fish. Many anglers cut the hook off rather than extract it, and
the amphibian's flat head is often rendered still flatter by a lively application of the

sportsman's boot-heel.

" In the early summer, when the water is clear, Protonopses are often to be
seen on the bottom in considerable numbers. Once, when fishing with some friends

from off a large rock in the Loyalhanna creek, we saw quite a shoal of them moving
sluggishly about among the stones on the bottom. They would quickly take our

hooks baited with a piece of meat or a fish head. In one instance two large ones laid

hold of the same bait and were promptly landed on the rock. In a few minutes we
had a dozen. Last August I fished the same spot for them, but without success.

Acting on the advice of a ' native ' (which was to drop some bait— dead fish, etc.,
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near certain rocks under which he insisted the 'alligators ' stayed), I caught ten large

specimens in a single morning, and ten more a few days later. Those taken were of

various sizes, measuring from ten to eighteen inches in length. One taken by a friend

was twenty-two inches long. Fishermen hereabouts say they have frequently caught

hell-benders two feet long.

" They are remarkably tenacious of life. I carried my specimens six miles in a

bag behind me on horseback, under a blazing hot sun, and kept them five weeks in a

tub of water without a morsel to eat, and when I came to put them in alcohol they

seemed almost as fresh as ever. During their confinement in the tub, two of the

females deposited a large amount of spawn. This spawn was something similar to

.,i-(^

lifi^^^s

Fig. vn.— Protonopsis horrida, hell-bender, 'alligator,' wacer-Uog.

frog-spawn in its general appearance, but the mass had not the dark colors of the

latter. The ova were exuded in strings, and were much farther apart than frog's eggs.

They were of a yellow color, while the glutinous mass which connected them had a

grayish appearance. The spawn seemed to expand greatly by absorption of water.

It lay in the tub among the animals for a week, but was not disturbed by them."

To the above remarks Mr. Wm. Frear of the University of Lewisburg adds : " The

observations on the Protonopsis in your February number call to mind several in-

stances of its remarkable vitality which have come under my own observation. One

specimen, about eighteen inches in length, which had lain on the ground exposed to a

summer sun for forty-eight hours, was brought to tlie museum, and was left lying

a day longer before it was placed in alcohol. The day following, desiring to note a

few points of structure, I removed it from the alcohol, in which it had been complete-
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ly submerged for at least twenty hours, and had no sooner placed it on the table

before it began to open its big mouth, vigorously sway its tail to and fro, and give

other undoubted signs of vitality.

" On another occasion, desiring to kill one of these creatures, which had been out of

water for a day, I made a little slit in the back, hoping to be able to penetrate be-

tween the cervical vertebrae with a stout scalpel, and cut the

spinal cord. After several trials, in which I succeeded only in

breaking the scalpel, I gave up the attempt ; but with all my
cutting and pushing, it manifested not the slightest signs of

pain or irritation, while if I but touched the tip of its tail with

my finger, it would make a vigorous protest by lashing its tail

and snapping its jaws. I doubt if even the redoubtable snapping turtle could show
signs of a more ' ruQ;sced ' constitution."

Fib. 178.— Larva of Amblys-

FlG. 179.

—

AmblystoTna tigrinum, adult.

The Megalohatrachus maximus, of Japan and Thibet, is the largest living batra-

chian, reaching a length of three feet. It resembles its American ally in proportions

and in color.

The family Ambltstomid^ includes the genera Amhlystoma, Jiatrachyperus,

Manidens, Salamandrella, and Hynohius. The first named is characteristic of North

America and Mexico, where fifteen species are found, and Siam, where a single spe-

cies, A. persimilis, has been discovered. The Amblystomata vary in size from only

two inches in length {A. conspersum.), to a foot in length (A. tenebrosum). The

species prefer damp climates. Thus five of them are found on the Pacific coast, and

ten east of the plains, while but a single species ranges over the intervening dry

region of the plains and the Great basin. This one is the A. tigrinum (Fig. 179)

which ranges over the entire continent, and southward on the Mexican plateau as far
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as the City of Mexico. The species differ in the period at which they undergo their

metamorphosis. Most of the eastern species reach the adult state while yet of small

size, but the A. tenehrosum of Oregon becomes quite large before changing. The A.
tigrinum delays its metamorphosis for the longest period, and can be prevented from

completing it by continued submergence in the water. Another species, the A. mac-

ulatum of the Mexican lakes is not known to leave the larval state. Although it has

often been aiRrmed that this change takes place, on examination it has always turned

out that the species observed is the A. tigrinum. The A. maculatum is the axolotl

of the Mexicans, and is used by them as an article of food. It is probably edible

like the Protonopsis horrida, which I have fonnd to be excellent.

Fig. m.— Ambhjsloma tigrinum, larva.

The following notes on the Amblystoma tigrimtm refer lo a specimen from New

Jersey of about a foot in length, which I kept for some months in a fernery in my
study. It is nocturnal in its habits and remained during the day in its burrow. This

extended through the long diameter of its prison, and had three outlets which it

kept open. From one of them, as evening approached, it projected its head and

watched with attention what was going on in the room. The Amblystoma punctatum,

which I have also kept in confinement, has similar habits. When handled, it may

eject a stream of transparent fluid, like a toad. I made the following observation on

the habits of the A. tigrinum, at some ponds in Idaho Territory, twelve miles north of

the Market Lake. On the shore I found several specimens in various stages of transi-

tion from the larval condition. They mostly presented stumps of the branchial
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processes, with a greater or less degree of atrophy of the fimbriae. These animals

occupied holes the size and shape of their bodies, excavated vertically in the sand,

from which their heads protruded. They were so situated as to be overflowed by
every slight change of level of the water, which also kept their holes full. This

situation was especially adapted to a state of transition from a branchial to a pulmo-

nary respiration.

Next to the A. conspersum, the slender, gray A. microstomtim is the smallest species

of the genus. It is common in the Mississippi valley. The A. talpoideum is found

in the forests of the South Atlantic and Gulf states. It is a robust and dark-colored

species. The most brightly colored species is the A. epixanthum of the northern

Rocky mountains, while the largest species, except the A. tenebrosum, is the A. aterri-

mum of the northern cascades of Washington Territory. The four remaining genera

are found in Siberia and eastern Asia.

The Plethodontid^ are distinguished from the Amblystomidse by the presence of

one or two laminae on the parasphenoid bone, which are covered by a close brush of

teeth which look downwards on the roof of the mouth. There is considerable variety

Fig. 181.— Amhlystomapunctatum, spotted salamander.

of Structural character in this family. There are two principal divisions, distin-

guished by the form of the tongue. In the Plethodontinae, that organ is bound to

the floor of the mouth by the front border as well as the middle, while in the Speler-

pinffi, it is attached by the median pedicle only, so as to resemble a mushroom in

form. In these, this organ can be thrust more completely from the mouth in the cap-

ture of food, than in the other genera. In both divisions are genera with a reduced

number of digits on the anterior foot ; there being but four instead of five in JBatrco-

choseps, and in Manculus. The PUthodon cinereus is the smallest and the most abun-

dant salamander of the eastern United States. It is found everywhere in the woods,

under bark, logs, or stones, in comparatively dry places. The variety erythronotus is

very common, and is distinguished by the presence of a red dorsal band. Its habits

are nocturnal, and it is a great climber. They will ascend the rhachis of a fern or

spear of grass, scarcely strong enough to support the weight, and will lie in a coil on

its apex, at a height of a foot or eighteen inches above the ground. They climb a

plate of glass with ease, by adhering closely to its surface with their moist abdomen.
When disturbed on some high perch among the herbage, they leap away by a sudden

unbending of the coiled body, in the manner of some caterpillars.

The Plethodon glutinosus is most abundant in the northern states and in the

Alleghany mountains. It is black with bluish white speckles. The P. croceater is

black with large orange spots, and lives in the southern Sierra Nevadas. The P.
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oregonensis is found in the coast range and redwood forests of California. It is of a

beautiful salmon color, and has pretty prominent eyes.

The species of Spelerpes are often handsomely colored. The S. longicauda is often

found in caves in the limestone regions of the southern states. It is of a slender

form and a rich yellow color, with broken bands of black on the body. The S.

guttolineatus is marked with longitudinal brown bands. It is common in the moun-

tain regions of the south. The common northern species are 8. bilineatus and S.

ruber. The former is a small species, with a black line on each side of its back and a

citron-yellow belly. It is especially common in stony brooks in the woods. S. ruber

is of a brilliant red color, and is usually found in cold springs. It is more or less

brown or even black spotted, and there is a variety which is of a lead color above. It

remains long in the larval stage, and the larvas are as frequently seen as the adults.

S. longicaudus, 8. guttolineatus, and 8. bilineatits occasionally retain the larval balancers.

These are a pair of elongate cylindric rods, one of which issues from each side of the

head in the salamander larva, in front of the branchiiB. They are permanently re-

FiG. 182.— Spelerpes longicauda,

tained in the Caeciliae. The largest species of Spelerpes is the 8. bellii of the damp
mountains of Mexico. It is lead-colored, with a double row of red spots on the

back.

A genus which is confined to the neotropical region is (Edipus. It only differs

from Spelerpes in having the digits united together in a common integument, which is

in fact only a persistence of the condition which belongs to an early stage of the

larva. The most common species, CE. variegatus, is black below and yellow above.

It is found everywhere with the Spderpes bellii. CE. rufescens is a small species which,

according to Sumichrast, lays its eggs in the water that accumulates in the axils of

the leaves of some of the parasitic Tillandsiae which grow on the trees in the Mexican

forests. (E. altamazonicus is found in eastern Peru. Allied to this genus are some

weak and slender species with the skull imperfectly ossified. They are referred to

the genus (Edipina. (E. lineolus is found in eastern Mexico, and CE. uniformis is a

species of Costa Rica, Central America.

In Europe one genus of Plethodontidse is found (Geotriton). It has all the char-

acters of CEdipus, except that the premaxillary bone is divided and not single. The

only species, G.fuscus, is confined to northern Italy.

With the Desmogwathid^ we commence the salamanders with ball and socket

vertebrsB. There are but two genera known ; Desmognathits, which is North American,

and Thorius, which is Mexican. But three species of Desmognathus are known.

2>. fusca is an abundant aquatic salamander of the eastern United States. It is found

in springs and damp places under stones. In common with other species of the

genus it has a peculiar structure which is especially adapted for moving stones with
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its nose. The temporal muscle, instead of being attached to the lateral parts of the

skull, tei-minates in a tendon, which passes over the sides of the posterior part of the

skull, and is attached to the atlas, or iirst vertebra. The mechanical effect of this

structure is that the contraction of the temporal muscle raises not

only the lower jaw, but the entire head. As though to give a freer

movement to the head, the occipital condyles are produced so as

to form a pair of short stems. The same kind of condyles are

seen in the genus Amphiuma. Professor Baird originally noticed

this structure, and also the curious disposition which the species

makes of its eggs. As in the anurous genus Alytes, the eggs, on

emission, are connected by an albuminous thread, which soon con-

tracts and hardens. One of the sexes protects this rosary by
wrapping it several times round the body, and remaining con-

cealed in a comparatively dry spot until the eggs hatch.

D. nigra is a considerably larger species, reaching seven inches

in length. Its color is entirely black. It is confined to the Alle-

ghany mountains, where it lives in stony springs and streams.

D. hcddemani is smaller than the other species, and is brownish
yellow above. It lives under bark of logs in the Alleghany

mountain regions. Thorius pennatulus lives in similar situations

in the eastern Sierra Madre of Mexico. It is peculiar for its

partly membranous cranium, large nostril, and the large size of

its eggs.

The family of Salamandeidje includes four genera, and
these inhabit the Old World exclusively. Salamandra is rep-

resented by but three species, of which the best known are the

larger yellow-spotted S. maculosa, and the smaller black ^5'.

atra. The former is found in Europe generally. Its skin is very
glandular and secretes much fluid, which might by its presence

protect the animal from a temporary high temperature. This
is probably the source of the fables respecting its power of resist-

ing fire. Salamandra atra inhabits the mountains of southern

Europe, and is remarkable for being viviparous, the young being
born with gills. The genera Chioglossa and Hemisalamandra
have no ligament passing outside the temporal muscle of the

skull, while in Molge it is present, foreshadowing the osseous

postorbito-squamosal arch of the Pleurodelidfe. Chioglossa lusi-

tanica, found in the mountains of Portugal, is a dark gray species

of medium size. JI. crisiata is a common species of Europe. j-iq,

Of the genera of this family, Molge embraces the greater

number of species. They are all aquatic in their habits, and are generally called tritons.

Molge palmata is a small plain species common everywhere in Europe. M. alpestris

has a brilliant red belly, and is found in great numbers in the ponds of melted glacier

ice in some parts of Switzerland. M. marmorata is a large rough species which is

common in France. These and others of the Palearctic fauna present remarkable
developments at the breeding season. Their tails and backs acquire dermal fins along

the middle line, and the toes become bordered with similar dermal margins. The
muscles of the humerus become thickened in the males, appropriately to their maintain-

183.— Skeleton o£
Spelerpes beliii.
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ing a firm grip on the females, which they seize "round the groin at the time of the

deposition of the eggs.

The Pleueodelid^ embraces a large number of species which are mostly inhabi-

tants of the Old World. Their characteristic peculiarity is the bony postfronto-squa-

mosal arch of the skull. In other respects they agree with the Salamandridse ; that is

in having ball-and-socket-jointed vertebrae, with the socket behind, and in the poste-

rior prolongation of the vomers, which support two longitudinal rows of teeth on the

roof of the mouth. These take the place of the parasphenoid patches of the Pleth-

odontidse. In the Pleurodelidae the tongue is never developed as in the Plethodon-

tidse, but is generally insignificant.

The larger number of species of this family are embraced in the genus Diemycty-

lus. D. punctatus is a common European species, which is of pale colors with brown

spots, and which presents many dermal growths at the breeding season. The D. rus-

conii of southern Europe is a larger form. It has a spine-like process on the tibia, and

a greatly prolonged cloaca at the breeding season. There are two or three species of

Diemyctylus in North America. The largest of these is D. torosus of California,

Fig. 184,— Oedipus varigatus, var.

where it is very common in every small stream. It has a rough skin, and is brown

above, and yellow below. It attains a length of six inches. The common triton of

the stagnant ponds and ditches of the eastern states is D. viridescens. It is pale green

above, and pale yellow below, with small black specks. It may or may not have some

small round red spots, with dark borders on the sides. It generally has three shallow

pits on each side of the neck, which are remnants of the old branchial fissures ; these

are not constant, however. This species lays one egg at a time in the axils of leaves

of aquatic plants. The egg has a glutinous surface, and when the leaves are pressed

over it by the hind legs of the female, they adhere to it, and conceal it, until it is

hatched. A well-marked variety of this species is found in woods on the ground. It

is bright red, has red spots, and is always of smaller size. It is the sub-species mini-

atus. Another strong variety or species is D. meridionalis from southwestern Texas.

It is green, with large black blotches. There are species of Diemyctylus vat Japan and

China, which are generally marked with red.

The genus Pleurodeles is only found in southern Europe, chiefly in Spain. It is

characterized by the long ribs which perforate the skin on each side of the body. One

species, P. waltli, is known. In Siranota the postfronto-squamosal arch is so wide
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as to oveiToof entkely the temporal fossa above. It includes but one small species,

the elegant S. perspicillata of the mountainous regions of Italy and Dalmatia. Gloss-

olega has the unique character, accoi'ding to Gevais, of a complete quadrato-jugal arch

of the skull. The type, <?. poireti, which is a rather large species, with a second one,

Occur in Algiers. Tylototriton verrucosus represents the family in the eastern Him-
alayas.

Order VIII. — GYMNOPHIONA.

The Batraohians of this order are peculiar in various respects. The general char-

acters of the skull do not differ essentially from those of the TJrodela, but the skeleton

is without scapular and pelvic arches, and limbs, and the caudal vertebrae are few or

wanting. They are covered with a flexible skin, which is folded at regular intervals

into rings which surround the body, and is frequently furnished with minute concealed

Fig. 185.— Saiamandra maculosa, spotted salamander of Europe.

scales. The species have rudimentary eyes, and some of them are quite blind. Below
or in front of their position, the tentacle, which is the persistent balancer, already re-

ferred to, issues from a canal which is excavated in the skull from the orbit. There is

but one family of the Gymnophiona, the Cceciliidje. The number of species is not

large, and they are confined to tropical countries. America possesses more species

than any other region.

In their early stages, the Cceciliidis, like other batrachians, are not air-breathers.

Branchial fissures connect the pharyngeal cavity with the external medium, and from
their sides originate respiratory organs. These are bladder-like membranes, in which
the blood vessels ramify, thus differing entirely from the gills of other Batrachia.

These structures are shed, and the fissures are closed, early in life.

Order IX.— ANURA.

The order of the frogs, toads, etc., includes eight hundred species, which are re-

ferred to one hundred and thirteen genera. The entire order is divisible into four series,
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which differ from each other in the structure of the shoulder-girdle and of the base

of the skull. In the first of these, the eustachian canals are prolonged by an osseous

roof which covers them in below, until they nearly meet on the middle line of the

roof of the pharynx, so that they appear to have but one opening. This sub-order has no

tongue, and is hence called the Aglossa. In the next sub-order the structure of the

shoulder-girdle is similar to that of the Aglossa, while the eustachian openings are

widely separated from each other, and the tongue is present. This sub-order is called

the Arcifera, deriving its name from the characteristic peculiarity of the shoulder-gir-

dle. This consists in the presence of two longitudinal cartilaginous bands with convex

borders which connect the fi-ee and divergent ends of the coracoid and precoracoid

Fig. 186.— Ccecitia lumbricoidea.

bones (Fig. 188) ; the cartilage of one side overlapping that of the other. In the next

sub-order, that of the Firmisternia, these cartilages are fused into a narrow median

mass which intervenes between the adjacent ends of the nearly parallel precoracoid

and coracoid bones (Fig 189) the whole structure being incapable of a movement which

expands and contracts the thoracic cavity, as is the

case in the Arcifera. In the last sub-order this

region has a structure which is a modification of

that of the Firmisternia, but the coracoid diverges

much from the precoracoid, and the scapula is

articulated to a ball joint of the prootic bone

which projects on each side of the skull behind.

This structure gives the scapular arch much more

solidity than is found in any of the other sub-

orders, affording a point d'appui for the pressure

exercised by the fore legs in pushing through the

earth, for the known species of this division, the

Gastrechmia, are burrowers.

It is an interesting fact that the frogs of the sub-order Firmisternia have, during

an early stage (Fig. 190), the structure of the scapular arch which belongs to the Arci-

fera, the consolidation constituting a modification superadded in attaining maturity.

Furthermore, young Anura are toothless, and one section of the species with embry-

onic shoulder girdle never acquires teeth. So here we have a group which is imperfect

Fig. 187.— Larva of Typhlotiecfes compressi-
cauduSf showing external sac-like gills.
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Fig. 188.—sternum
of Scaphiopus hot-

hrookii; arciferous
type.

in two points instead of one. This is the family of toads, or Bufonidae. Several fami-

lies have teeth and embryonic shoulder girdle. The family which has teeth and firmi-

sternal shoulder-girdle is the Ranidse, or true frogs. Now the frogs

of each of these divisions present nearly similar scales of development

of another part of the skeleton, viz. : the bones of the top of the skull.

We find some in which the front one of these bones (ethmoid) is

represented by cartilage only, and the middle ones, or fronto-parietals

and the nasals, are represented by only a narrow strip of bone each.

In the next type the ethmoid is ossified ; in the next, we have the

fronto-parietal completely ossified. The nasals may range from

narrow strips to complete roofs. In the fourth station on the line,

these bones are rough, with a hyperostosis of their surfaces ; and in the next

set of species, this ossification fills the skin, which is thus no longer separable from the

cranial bones; in the sixth form the ossification is ex-

tended so as to roof in the temporal muscles and enclose

the orbits behind ; while in the rare seventh and last

stage, the tympanum is also enclosed behind by bone.

Now all of these types are not found in all of the families

of the Anura, but the greater number of them are. Six

pi-incipal families, five of which belong to the Arcifera,

are named in the diagram below, and three or four

others might have been added. I do not give the

names of the genera which are defined as above de-

scribed, referring to the explanation of the cuts for

them, but indicate them by the numbers on the left margin of the page, which
correspond to those of the definitions above given. A zero mark signifies the absence

or non-discovery of a generic type. See pp. 320, 321.

Sternum embryonic. Sternum complete.

Arcifera. Firmisternia.

Fig. 189,— Sternum of Eana tempo-
raria; firmisternous type.

Stages.

No teeth.

Bufonidse.

Teeth.

HylidiE. Eanidae.

1—
2—
3—
4—
5—
6—
7—

Scaphiopidas Cystignathidse.

and Pelobatidae.

1

2 2

3

4 4

5

6 6

It is evident, from what has preceded, that a perfecting of the shoulder-girdle in

any of the species of the Arciferous columns would

place it in the series of Firmisternia. An accession of

teeth in a species of the division Bufonidae would

make it one of the Scaphiopidse ; while a small amount

of change in the ossification of the bones of the skull

would transfer a species from one to another of the

generic stations represented by the numbers of the columns from one to seven.

There are few groups where this law of parallelism is so readily observed among

Fig. 190. — Sternum of a larva of
Itana temporaria^ with the limbs
just budding.
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contemporary types aB in the Batrachia Anui-a, but it is none the less universal. The
kind of parallelism usually observed is that in which there is only a partial resem-

blance between adults of certain animals and the

young of others.

The metamorphoses of these animals have been

already referred to, and further details on the sub-

ject will be found under the heads of the respective

species. I will only note here that while the ma-

jority of the Anura undergo a complete metamor-

phosis, a few pass through the branchial stage while

still in the egg {Sijlodes martmicensis), and other

forms carry the young in various ways until this

period is passed
;
{genera Pipa, Nbtotrema, Opis-

thodelphys).

Fig. 191. — Nototrema marsupiatum with
the hrood pouch cut open to show the

Stjb-Okdee I.— Aglossa.

There are two families of this sub-order, one of

which has no teeth— the Pipidas, and the other has teeth in the upper jaw— the

Xenopodidse. In both of them the vertebrte are opisthoccelous ; that is, they are ball-

and-socket jointed, with the ball in front and socket behind. The longitudinal epi-

FiG. 192.— Skeleton of Xenopus ; cor, coracoid ; ecnr, epicoracoid
;
2^^or, precoracoid ; sa, sacrum.

coracoid cartilages of opj)Oslte sides are distinct, but do not overlap as in Arcifera.

The sacral transverse processes are much expanded, and are coossified with the coccyx

(Fig. 192). The larvas differ from those of other Anura in having two branchial

openings (spiracula), one on each side.

The family PiPiDiE has the skull completely ossified. It includes but one genus,

Pipa, which is only known as existing in South America. The sole species, Pipa
americana, is of rather large size, and of exceedingly depressed form. The terminal

phalanges are pointed, and the ends of the fingers terminate each in four dermal
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appendages. There are dermal flaps around the upper lip, and the eyes are minute.

The feet are broadly webbed. The color is leather brown, paler below, with some-

times a black stripe along the middle of the belly.

The habits of this extraordinary animal during the reproductive season are well

known. The eggs are transferred by the male to the back of the female, to which

they adhere, and where they are impregnated; their presence excites increased activ-

ity in the skin, it thickens, and is gradually built up around each egg, which it at length

nearly encloses in a well-defined pouch; this process of investment has been com-

pared by J. Mtlller and others to the inclusion of the mammiferous ovum by the

deciduous membrane of the uterus. The opening which is left after the pouch is

Fig. 193.— Pipa amerlcana, Surinam toad.

formed is at length closed up by an operculum, and thus the egg is shut off from all

direct communication with the air.

Professor Wyman describes the growth of the young Pipa as follows :
" Of the

eight specimens which I have examined, two were destitute of eggs in the back, and

the skin of these presented a uniform surface throughout, covered, as is usual, with

conical papillae. One of them I ascertained by dissection to be a female, the ovaries

being well filled with eggs. In the backs of all the others, ova existed in different

stages of development, the number of egg-sacs varying in different specimens from

forty to one hundi-ed and fourteen.
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" The eggs are quite remarkable, when compared with those of other Batrachians, for

their great size, the yelk alone measuring one fourth of an inch in diameter. In

almost every instance, on removing the operculum, the embryo, however small, was
found just beneath it, and thus occupying a position on the yelk which has the nearest

proximity to the air.

"In the earlier stages . . . the head is broad and flat, the cerebral vesicles are easily

detected, the lateral portions not having united on the median line ; the eyes were

prominent and black ; the spinal canal was closed, and the ventral laminiB were just

beginning to extend upon the upper surface of the vitellus ; the arms consisted of

pyriform processes from anterior portion of the trunk, but the legs consisted of oval

masses entirely disconnected with the parts surrounding the vertebral column, and

seemed to have an independent centre of growth, and therefore did not bud out

from the trunk. In all of the earlier specimens these branchial appendages were visi-

ble on each side of the head. The general aspect of the embryo, as it lies extended

on the surface of the yelk, reminds us of the larval condition of salamanders and

tritons. In a later stage, as exhibited in another series of embryos, the external bran-

chiae had disappeared ; the legs, now united with the trunk, were terminated by an

expanded extremity, the rudiment of a foot ; the ventral laminae as represented by
the dotted line, extended farther down upon the yelk, but still this last was to a great

extent, uncovered ; the nostrils were visible, as round terminal depressions, but it was

not ascertained if they communicated with the mouth. A small branchial fissure was

detected on each side of the neck, and within this, as was shown by slitting open the

mouth and oesophagus, there existed on each side a series of fringed branchial arches.

" The most extraordinary feature, however, of this stage was the peculiar change

going on in the yelk mass ; the whole of the yelk substance was moulded into a

spiral coil, and invested with a thin tunic, and thus converted at once into a spiral

intestinal canal, the coils of which extend from the sides of the trunk to the most

prominent portion of the yelk, and then, changing direction, and occupying the axis of

the coil, the intestine passes back again towards the trunk. The whole yelk-mass is

therefore moulded into a spiral intestine. In none of the instances which fell under

my notice had the final metamorphosis taken place. But Bonnet, Dumeril, and others

have observed that the tadpole remains in the dermal sac until its limbs are perfectly

formed and the tail has been absorbed ; until, in truth, it arrives at the same stage

reached by the common toad ; when, having finished its aquatic life, to which it is no

longer adapted, it leaves the water and seeks its livelihood in a more congenial man-

ner on the land.

"In addition to the unusual circumstances under which these animals are developed,

it will be seen that they are objects of especial interest in connection with the general

subject of the development of Batrachian reptiles. The first peculiarity which may
be noticed is as to the period at which the arms and legs make their appearance. The

tadpoles of frogs and toads acquire a comparatively advanced stage of development

before any traces whatever of limbs are seen ; they leave the egg, increase in size, and

after a period (variable in the different species) of weeks or months, the rudimentary

arms and legs begin to be found. In Pijoa they appear before the external branchiae

disappear, and before even the ventral laminae descend upon the sides of the vitellus.

The development of the limbs independently of the vertebral column is an interesting

morphological fact.

" That the first trace of a leg is an oval mass, entirely free and detached from the
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vertebral axis, goes to show that, whatever view we may adopt with regard to the

homology of legs, the pelvis included, they are something superadded to it, and not

evolved from it or any of its processes. I have ascertained, by direct observation, that

even among frogs, the legs, which appear on each side of the tail in the form of small

papillae, are primarily tegumentary growths, that beneath these there is developed a

cartilaginous plate which gradually extends upwards on each side, until it meets with

the transverse process of the vertebral column, with which it becomes permanently con-

nected under the form of the pelvis, and at the same time the papillae are developed

into limbs with their continued bones ; thus the pelvis, which in the adult seems to be an

appendage to the vertebral column, is, in the embryo, an independent structure, just

as the tooth is primarily independent of the jaw. In this mode of the development

of the legs, we have a temporary analogy to the permanent constitution of the same

parts in fishes, in which the ventral fins are never connected with the vertebral column

by their pelvic bones, these being confined to the abdominal surface of the body.

" The complete development of the tail adapted to swimming is, under the circum-

stances, worthy of attention. In the ordinary Ranidae, the phases of development

are in accordance with the peculiar conditions under which the earlier periods of life are

passed ; their habits are not only wholly aquatic, but they have many of the anatomical

and physiological characters of fishes, among which may be mentioned the existence

of branchiae for aquatic respiration, and a broad and compressed tail for aquatic loco-

motion. The embryos of Pipae differ from those, of other allied genera, in passing

through all of their embryonic phases in closed dermal sacks, where they neither

breathe by the action of aquatic currents, nor are capable of executing the ordinary

locomotive movements
;

yet, the external branchiae are developed, disappear, and are

replaced by internal branchiae, and these in turn by lungs ; the tail also requires its

full development, with swimming adaptations, in the form of muscles and folds of

skin, as in other tadpoles, and, after having existed for a certain period, is removed by
absorption, without having been once made use of as a locomotive organ. It appears

that, in this particular instance, the exigencies of embryonic life do not require the

existence of a tail for the purposes of locomotion, and its presence seems to be ac-

counted for only on the supposition of the existence of a preestablished plan, accord-

ing to which Batrachians generally are developed; and this plan is adhered to, although

the organ may not be used, or not used in the same way as in the other species.

" It is possible that the materials of the tail serve as a store of nutritive substance,

though this seems scarcely probable ; but, even if this be the case, it is none the less

a fact that the part assumes a structure, the adaptations of which have reference to a

function wholly different. As regards the existence of branchiae, I have observed an

analogous instance in the embryos of Plethodon cinereus, where these organs are

developed externally, though the eggs are deposited under a log, and the animal is

not aquatic at any period of its life.

" The only other subject to which it is proposed to refer is the growth of the em-

bryo, by which there is formed, at the end of incubation, a larger mass than existed

in the egg when it commenced.
" This increase in bulk could have been effected in no other way than by an absorp-

tion of materials furnished by the dermal sac, since the existence of an operculum

.
would prevent the entrance of nutritive matter from without. The gelatinous matter

which originally surrounded the egg may have contributed something, but still there

is growth after this has disappeared. It seems highly probable that the walls of the



326 LOWER VERTEBRATES.

pouch secrete the necessary additional quantity to supply all that is required for

development. In so far as observation has extended, this is a solitary instance among
Batrachians, in which the embryo is nourished at the expense of the materials derived

from the parent."

The family Xenotpodid^ agrees with the Pipidoe in all important respects, as the

structure of the skull, the scapular arch, coossification of sacrum and coccyx, etc. (Fig.

192), but differs in the presence of teeth in the upper jaw. It includes but the single

genus -ZenopMS, which is represented by three species of the Ethiopian realm. Its toes

are acute, and the feet are broadly webbed for aquatic life. There is a short tentacle

below the eye. This is a remnant of the balancer, which characterizes the larvae.

These creatures have, on each side of the head, a long tentacle extending backwards,

giving them very much the appearance of a siluroid or cat-fish. The species are of

plain colors.

Sttb-Oeder II.— Aecipera.

The Anuraof this division fall into nine families, which differ in simple and gener-

ally obvious characters. Thus the Bufonidae and Dendrophryniscidaj have no

teeth whatever, and the former family, which includes the true toads, differs from the

Fig. 194.— Skeleton of Ccratophrys dorsata.

latter in having the transverse processes of the sacrum much expanded and flattened

(Fig. 192), as distinguished from the subcylindric form seen in the Dendrophryniscidse.

This difference separates several other families also. Five of the remaining families

have teeth in the upperjaw only. In one ofthese, the Cystignathidse, the sacral transverse

processes are cylindric. Fig. 194, and in the four others they are expanded. Two of

these differ much from the other two in having the ball and socket of its vertebrae

related in a way the reverse of what is seen in all other members of the order, but

similar to the structure found in many of the salamanders. That is, the ball is in
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front and the cup behind, instead of the cup in front and the ball behind. Of these

two families, one, the Discoglossidaa, has short ribs, as in the salamanders, and has a

sternum formed of two diverging branches. In the other family, the Asterophrydidse,

there are no ribs, and the sternum is not divided. In the other two families the

habitus is very different, since the one, the Hylidas, passes its life in the trees, and the

other, the Pelobatidse, consists mostly of burrowing subterranean species. In the for-

mer, the last or ungual phalanges have a ball-shaped base, from which projects from a

notch, a curved, sl)arp, claw-shaped termination. This supports an expansion of the

integuments of a disc-like form, which enables the animals to adhere to any suitable

more or less vertical surface. In the Pelobatidse the ungual phalanges are simple, as

in other families. The two remaining families have teeth in both jaws. In one of

these, the Amphignathodontida, the sacral transverse processes are dilated. There

is but one genus and species, which is of South American habitat. The sacral

processes are not dilated in ihe other family, the Hemiphi'actidsB, which is also a small

South American group.

• The family of the toads, Bufonidje, is found in various representatives all over the

world, but it reaches its greatest development in the tropics. A few weakly forms

with imperfectly ossified skulls occur in Australia, and in Mexico occurs the genus

Ithinophrynus, which is remarkable for the great compactness and strength of its

ossification. The Rhinophrynus dorsalis, the only species, is of subterranean habits,

and its powers of excavating the earth are largely dependent on the large shovel

formed by the projecting horny-sheathed cuneiform bone of the hind foot. Of
ninety-two species of Bufonidse, the genus Mufo includes seventy-seven. The
largest species is M. marinus of tropical America, which not unfrequently is eight

inches in the length of the head and body. Some of the Bufones have the head
marked with bony ridges, and in the B. typhonius these are developed into elevated

crests, giving the animal an extraordinary appearance. Some species are furnished

with a shovel for digging, as in Rhinophrynus ; such is B. compactilis of Mexico.

The common species of the eastern United States is B. lentiginosus, which has

several varieties. The typical form is found in the Gulf States. The two bony crests

which form the eyebrows terminate each in a rounded knob. In the form which is

found in the middle, northern, and western states, the sub-species americanus, these

knobs are wanting. A peculiar variety, B.fowleri, occurs in Massachusetts and in the

Dominion of Canada. The crests in this form are thickened behind, and nearly or

quite join, forming an osseous boss on the skull. The voice and habits of this form
are said to be quite different from those of the B. americanus, which is found in the

same region.

The common toad of the middle states is a well-known inhabitant of gardens and
other localities where insects abound. Its habits are crepuscular, and its quiet though

sudden movements in the evening are familiar to every dweller in the country. It is

one of the first of the Batrachia to enliven the spring with its note, as it rests in the

water during the process of depositing its spawn. Its voice is a sonorous urr-r-r-r-r-r,

and the pitch varies with the individual toad. It prolongs its singing period well

into the summer, and its music in retired ponds and swamps, as darkness creeps over

the face of nature, is both weird and somnific. The eggs are deposited in a single

line in the central tube of a long rope of a transparent albuminous substance, which

assumes a coiled shape on the bottom of the water where it is deposited. The tad-

poles retain their early black color, thus differing from those of most of our Anura.
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They undergo their metamorphoses while of smaller size than most of the native

Anura. When they leave the water, they make long journeys in every direction,

hiding themselves during the day. Should rain fall, they emerge from their hiding-

places, and appear at times in great numbers, thus giving rise to the supposition that

they have fallen with the rain.

A very small species of toad, JBufo quercicus, is found in the south-eastern part of

the United States from North Carolina to Florida inclusive. The largest North

American Hufo is the B. horeas of the Pacific fauna, which is sometimes nearly as

large as the B. marinus. A small species of the upper Missouri region (Bufo dipter-

nus) has two well-developed tarsal shovel-spurs, like some species of the South Amer-

ican genus Paludicola.

There is a greater range of ossification of the skull in BufonidsB than in any other

family of Anura. Thus in the Australian Chelydobatrachus there is not only a

Fig. 196.— Bombinator igneus, Unke, Feuerkrote.

frontoparietal fontanelle, but the ethmoid bone is unossified above. (See page 320,

BufonidsB, Fig. 1.) In the Australian Pseudophryne and the European Epidalea,

the ethmoid is complete, but the fronto-parietal fontanelle remains. Epidalea calamita

is the natterjack toad of the English, and is confined to western Europe. In Bitfo

the skull is completely ossified, but the epidermis of the skull and often the derm,

are free. In the next stage the ossification involves even the epidermis (pi. cit. Bufon-

idse. Fig. 6), and over-arches the temporal fossa and muscle. This is the character of

the genus Beltaphryne, of which P peltacephala of Cuba is the type. The genus

Cranopsis of Central America has the same character, with the addition of imperfect

auditory organs. The typical species, C. fastidiosus is found in the high Cordillera
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of Costa Rica. In the genua Otaspis a greater extent of ossification is seen than

in any other. It adds to the characters of Peltaphryne a complete enclosure of the

tympanic membrane posteriorly, a character not found in any other Batrachian.

The 0. empusa (page cit. Bufonidae, Fig. 7) is Cuban.

The family of Dendeophetniscidje includes a few species from the Andes of

South America.

The family of the Discoglossid^ belongs to Europe, with one species in New
Zealand. The latter is the Liopelma hochstetteri, and is the only batrachian known

to inhabit that island. The family is an interesting one, not only on account of its

peculiar structure, but because it includes some remarkable fossil representatives.

These belong mostly to the genus PaloBohatrachus, and many specimens of three or

four species occur in the miocene lignite beds of Rhenish Prussia. Discoglossus has

one very variable species from southern Europe. In Bombinator the organs of

hearing are defective. The single species, H. igneus, is the Feuerkrote of the Germans,

and is very common in

some regions of Europe

and temperate Asia. The
colors of its upper surface

are obscure, but the belly

is varied with bright crim-

son. It is aquatic, and

utters a singular smooth

and high-pitched cry.

There are two species of

Alytes, one of them from

Spain, the other {A. 6b-

stetricans) from middle

Europe. The latter is the

Geburtshelferkrote of the

Germans, and is distin-

guished by the way in

which the male carries

the eggs. As in the Am-
erican salamander, Desmognathiis fuscus, they are laid in a long albuminous string.

This the male places on his back, winding it about the bases of his legs for security.

The albumen dries, forming a thread, which remains until the eggs are hatched. The
Alytes ohstetricans is common in dry places near Berlin. Bones of an extinct Alytes

occur in the miocene coal of Prussia. It has been observed that the males of the

species of this family grasp the female, during copulation, round the waist, instead of

round the axillae, as in otlier Anura. The tadpoles also differ from those of all other

families in having the branchial opening on the middle line below, instead of on the

left side.

The family of the Cystignathidje is confined to the Australian and South American

or Neotropical faunsB, and is one of the most extensive of the order. One hundred

and sixty species have been described, which display a great variety of structure,

falling into twenty-six genera. Its range includes forms adapted for burrowing in

the earth, or for living on its surface, for climbing the faces of rocks and trunks of

trees, and for swimming in water. Many of the genera have incompletely ossified

Fig. 196.— Alytes obstetricans, obstetrical toad.
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skulls, and cartilaginous sterna. Of those with complete skulls, but a few (genus

JOeptodactylus, etc.) have an osseous sternum. The species of the Australian genus

Eeleioporus resemble toads. On the other hand, the species of Leptodactyhcs, and

still more those of Pseudis, resemble frogs. Many of the Hylodes resemble tree-

toads. Several of the species of JLeptodactylus (a genus which ranges from Patagonia

to northern Mexico) possess remarkable horny excrescences for the pui-pose of

maintaining a firm hold of the female during copulation. There is in L. pentadactylus

a process of the metacarpal bone of the thumb, which is directed inwards, and is

capped with horn. On each side of the breast is a horny shield, which terminates in

three sharp points. The CystignatJms ocellatus is the largest species of the family.

Fig. 197.— Chorophllus onuitus.

nearly equalling the Hufo marinits in dimensions. The humerus of the male has

a high deltoid crest, and in the breeding season the muscles of the arm of the male

become greatly developed.

The species of Lithodytes inhabit rocky regions. They are especially abundant

north of the Isthmus of Panama. One species, L. latrans, is found in western Texas.

It lives in the fissures in the limestone precipices, and is supposed to deposit its eggs

in pools of rain-water, which are caught in caverns and holes. At such times its loud

voice issuing from the rocks is a cause of much speculation to the people, who cannot

detect its source. They usually ascribe it to a species of lizard (genus Gerrhonotus).

Species of Hylodes occur in all parts of tropical America. The S. martinicensis

is one of the most abundant frogs of the West Indian islands. Although furnished

with digital dilatations, it lives on the ground, concealing itself in pairs beneath

various objects. On the approach of rain it is very noisy, and its cry is supposed by

the negroes to be uttered by lizards which they see in the same localities. The

curious fact has been observed in Guadaloupe by Bavay, and by Bello and Gundlach
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in Puerto Rico, that this species passes its metamorphosis within the egg, and issues

from it fully developed, although of small size. The eggs are laid between the leaves

of living plants, or under leaves or stones on the ground. Sometimes the frog sets on
them. They are quite transparent, and in about eight days the embryo is visible.

The form of the embryo is much like that of a salamander, as it is elongate, and with
limbs of nearly equal length. Bavay saw minute branchiae, which the other observers

did not repoi-t. The young left the egg in about fourteen days, wearing a tail, which
was absorbed in a day.

In Calyptocephalus, the cranial ossification is more extensive than in any other

genus of Cystignathids8, as it o^•er-arches the temporal fossa. The feet are webbed.
The type, C. gayi, is a rather large green species which inhabits Chili.

The species of Ceratophrys are of toad-like form, and frequently have dermal
processes of the eyelids and muzzle, which give them a strange appearance. Some
of them have osseous plates in the integument of the back. In TelmatoUns, the

auditory organs are defective. The species all live at high altitudes in the Andes.
One of them is said to be a vegetable feeder, and to be subaquatic, searching for food

Fig. 198.— Development of Hylodes Tnariinicensis.

on the bottom of the elevated lake of Titicaca. The species of Pseudis are found in

Brazil and southwards. They belong to a section of the family where the web of the

hind foot extends up between the external metatarsal bones. This occurs elsewhere

among the true frogs, but in most other Aiiura these metatarsals are closely bound
together. In the P. paradoxa the metamorphosis is more protracted than in any

known Anuran. The larvae reach a size equal to, if not exceeding that of the adult,

and retain their large tail while the legs are well developed.

The Pelobatid^ are nearly all subterranean in their habits. There are two
sections of the family, the one inhabiting Europe, and the other North America. In

the former, the sacrum is coossified with the coccygeal style, thus giving a peculiar

T-shaped bone. In the latter, these bones are separate, as in other Anura. Both
groups display a remarkable range in the degree of ossification of the skull. In the

lower forms there is a large fontanelle on the top of the skull; and succeeding genera

see this opening covered by smooth bone. In the next type, the bones of the skull

are covered by a rough exostosis ; then the skin is filled with this ossification, and,

finally (genus Oultripes of Europe) the temporal muscle is covered with a bony,
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arched roof. In ITortli America the genus Spea occupies the lowest position. Its

species inhabit the western part of the continent, extending to the valley of Mexico,

and are remarkably adapted to an ai-id climate by the great rapidity of their meta-

morphosis. On the occurrence of a rain during the summer, they emerge from their

subterranean retreats, and deposit their eggs in the pools which collect in the dry

arroyas, and in the low lands. Here the larvae are soon swimming about, and early

acquire their legs, so as to escape from the muddy fluid as soon as possible. When
completely changed, the young of the Spea hammondii are not larger than those of

the common toad. I made the following observations on the S. horribifrons which

I found in Idaho Territory in a region rather less arid than that inhabited by
S. hammondii:—

" In Idaho, near latitude 43° 30', is situated a body of water known as Market
Lake. Its extent is variable, for it is said to be dependent for its water supply on the

overflows of the Snake River, which is a few miles distant to the eastward. An old

channel leads from the river to the lake, giving probability to the- statement. At the

Fig. 199.— Ceratophrys fryi, from Brazil.

time of my passage through the region, the water was unusually high, for a portion

of the stage road, with parts of numerous telegraph poles, was submerged. The lake

appeared to be about ten miles long by six in width. The country surrounding it is

arid, and the sand which represents soil rests on a basis of lava. The stage halted

for a short time to enable me to examine the shore of the lake. I found it to be

lined with a wind-row of grasshoppers
(
Caloptenus spretus) which had fallen into the

water and been washed up, some living, others dead. Among them I found numerous

large fat larvae of Spea bomMfrons, occupying small spaces which they had cleared,

quite out of the reach of the water. Their limbs were nearly fully grown, while their

tails had suffered no absorption, and their jaws were toothless and cartilaginous;

some quite larval in form, others with wider gape. They were engaged in eating the

grasshoppers, and I detected several specimens with .the entire insects in their mouths.

In some instances, the grasshoppers' bodies were too large, and projected from their

mouths. These precocious larvffi were evidently air-breathers, and hopped about,
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presenting a curious appearance as they dragged their large tails after them. I found

some adult specimens of Amblystoma mavortium also along the water's edge. These

observations were made on the 11th of August, 1876."

The American species of this family are exceedingly noisy at the time of deposit-

ing their eggs. This takes place in spring, generally in temporary pools, even in

regions where water abounds. They frequently appear near inhabited places. Thus

I have heard the vacant lots of Santa F6, New Mexico, resound with the ci-ies of Sjoea

hammondii, and similar places near Philadelphia vocal with the Scaphiopus holhrooJcii.

A pool near a hotel on Pyramid Lake, Nevada, was in an uproar at the time of my
visit in July, 1882, with Bufo boreas and Scaphiopits intermontanus,— the voice of

the latter quite in the ascendant.

The Scaphiapus holbrookii appears quite suddenly and disappears equally so. Dur-

ing the remainder of the year it is concealed underground, and is therefore rarely

seen. Dr. Abbott thus describes its habits.

" In a sink-hole in a dry upland field near Trenton, New Jersey, on April 10, 1884,

there suddenly appeared a large colony of hermit spade-foot toads {Scaphiopus hol-

brookii), which, by their remarkable cries, attracted the attention of every one passing

by. So unlike the cries of any other of our batrachians were their utterances, that

all who heard them were attracted to the spot, and wondered, when they saw the

animals, that so great a volume of sound could issue from so small an animal. One
need not wonder, however, on this point, if they will but examine the development

of the animal's vocal cords. The machinery for producing sounds equal to an ordi-

nary steam whistle is apparently contained in the throat of this rare and curious

batrachian. Holbrook, in his diagnosis of the genus Scaphiopus, refers to the ' subgu-

lar vocal sac' of the males ; but it must not be inferred that the females are voiceless.

That they are not so noisy is probable, but, occasion requiring, they can readily make
themselves heard.

"These spade-foots remained in the shallow waters of this sink-hole until April 15,

when, the weather becoming considerably cooler, they as suddenly disappeared as

they had come. In May, 1874, these toads appeared in like manner in the same

locality, remained but a few days, and were gone. In the intervening ten years not a

specimen was seen or heard, although careful search annually was made. I supposed,

when they appeared in April of the present year, that they spawned previous to their

sudden disappearance, but I neglected to investigate the matter in consequence of press

of work in other lines of investigation. The spade-toads were soon forgotten. The
wealth of bird life that came trooping in from the south during May, and their subse-

quent nesting, occupied my thoughts and were the prominent objects sought during

my daily rambles.

" It was not long, however, before the spade-foots again became the prominent feature

of the fauna of the neighborhood. During the night of June 25-26 a violent north-

east storm arose, and rain fell in torrents. The sink-hole, which for weeks had been

nearly dry, was again flooded, and on the afternoon of the 26th was literally alive

with these rare toads. Sitting upon every projecting stick or tuft of grass, or swim-

ming with their heads above the surface of the water, were spade-foots by the hun-

dred, and every one apparently uttering those shrill, ear-piercing groans that only

these batrachians can utter. Not only during the day, but all night, their cries were

kept up. The following day there was no abatement, but during the night the sound

decreased. On the morning of the 28th not an individual was to be seen or heard.
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"During this brief interval these animals spawned, the eggs being attached to

blades of grass and slender twigs. These eggs hatched on the 2d of July, and a

large series were gathered a week later. To return to the eggs. During the time

that intervened from the laying of the eggs untU I gathered specimens of the tad-

poles, there occurred four moderately heavy showers, so that the water in the sink-

hole at no time disappeared, but was much below the level that it reached during the

protracted rainfall of June 26. Very much, therefore, of the spawn that was laid

was high and dry for from two to four days before hatching, and I suppose was
destroyed.

" On the evening of July 9, I found the water in the sink-hole confined to a few

very shallow pools of limited area, and in these pools were a few hundreds of Scaphi-

opus tadpoles. In comparison with the abundance of eggs seen June 26, and of

young seen a week later, it is evident that a large portion of the eggs was destroyed,

and a vast number of very young tadpoles were killed by the soaking away of the

water.

" I have never known any like disparity between the eggs of frogs or common toads,

and the young in the tadpole state ; and it is at once very evident that if the spade-

foot toads habitually or usually deposit their eggs in temporary pools, then we have

an obvious reason for tlie positive rarity of the animal, as apparently it is the rule,

rather than the exception, for the egg to be destroyed or the young perish.

"The tadpoles gathered July 9, which were then seven dajs old, were curious

creatures. At this time the hind legs were well developed, although small, and did

not interfere with the animals' natatorial locomotion. The bodies of these young

Scaphiopi were short, stout, and oval, and, when viewed in the water, deep velvety

black ; but when closely examined it was found that the two irregularly parallel

yellow dorsal stripes, that are so prominent a feature in the coloration of the adult

male, were plainly discernible.

" The movements of these tadpoles were not different from that of the young frogs

and toads in this stage of their existence. Those that I had in an aquarium moved in

companies, as though following a leader, and occasionally one would drop out of the

ranks, come quickly to the surface, eject a bubble of air, and dive again quickly to

the bottom of the tank. Like all tadpoles they had enormous appetites, and when
fed with bits of raw meat quickly attached their sucking mouths to the food offered,

and did not remove them, I think, while a particle of blood remained in the mass.

" A week later, July 16, the majority of these tadpoles had acquired their front

legs, and the tail had perceptibly diminished in size, but still was used by them when
moving through the water. At this time, however, the movements of the animal

are far less active than before or soon after, and for a few days, if exposed to the

attacks of any enemies, would suffer far more than at any other period of their lives.

"A very curious feature in the growth of these animals is now to be noticed. Of

the specimens I had under examination in an aquarium, about five per cent did not

progress beyond the condition which all were in July 9. These 'retarded' tadpoles

proved to be voracious cannibals. They seized their more matured companions by

their tails and legs, swallowing the member, and thus sustained their own lives at the

expense of their fellows. They generally killed their victim in the course of twenty-

four hours, and often in less time, and then promptly seized another. So blood-

thirsty were these few 'retarded' tadpoles, that I was compelled to protect the lives

of the little hoppers, their brethren, which now, in spite of stumps of tails, sat in
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froglike fashion on their haunches, and were in all respects miniatures of the adult

spade-foots that in April and June made night hideous with their unearthly cries.

"Having tested several specimens, a few days j)revious]y, as to their ability to

assume the land-life of adult Scaphiopi, by placing them upon damp sand, and finding

that they throve fairly well, on the 25th of July I removed the water in the aquarium

and put in earth to about an inch in depth, and very carefully smoothed the surface.

Upon this the young spade-foots were placed, and in less than one minute many had

commenced digging little burrows, into which they disappeared as the excavations

deepened. In all respects these burrows were like those made by adult spade-foots,

oval in outline, oblique in direction, and generally with the slight angle in the course.

" In twenty minutes all but two, of forty-four specimens, were below the surface of

the earth stratum I had placed in the aquarium.

" During this simple series of observations of young Scaphiopi in confinement, I

watched also the development of those left in the sink-hole. The water there soon

was confined to mere puddles concealed in the dead leaves, and before the young had

their limbs fully developed, the depth was nowhere sufiicient to permit of swimming.

Three days in advance of the maturing of my confined specimens, T saw, in a sink-

hole, a few individuals which had fairly assumed the land-living, air-breathing stage of

existence. Supposing that, like those I had at home, they would burrow in the earth

where they were, I did not visit the locality from the 21st to the 31st of July, on

which date I made an exhaustive but unsuccessful search for them. Not a trace of

either young or adult could I discover. It cannot be said that they were overlooked.

My search was too careful and comprehensive for this, and I believe that these sjiade-

foots, both old and young, wander farther from their breeding grounds than is sup-

posed, or else dig far deeper into the earth than a depth of six or eight inches, as

stated by Holbrook and De Kay."

The Hylid^, or true tree-toads, embrace one hundred and seventy-five species, of

which by far the greater number inhabit tropical America. About twenty species

inhabit Australasia, one species tropical Asia, and one, the Syla arborea, extends from

western Europe to Japan. The ball and claw-like character of the terminal phalanges

of the toes of the members of this family have been already referred to. There are

dwellers in trees found in other families, especially in the Cystignathidse and the

Ranidse, all of which have fiat or disc-like dilatations on the extremities of their toes,

like those of the Hylidae. But the shape of the supporting phalange is different in

each case. In the Hylodes type of Cystignathidse it is T-shaped, and in the Ranidse it

is generally Y-shaped. In some members of the Hylidae the chai-acters are not A-ery

well presented, especially in the North American genera ChoropMlus and Acris,

which live on the ground, frequently in the neighborhood of water. Some of the

species of the typical genus Hyla have similar habits, and approach those genera in

structure, viz., the Hyla pickeringii of North America. Among the arboreal types

there is a great range in the ossification of the skull, as I have already shown to be the

case in other families. In Hypsiboas and Hyla there is a large cranial fontanelle,

while in Trachycephalus the extensive cranial ossification occupies the skin, so

that the head is bared and rough on its upper surfaces. This forms an excel-

lent protection against snakes. In the genus Triprion this ossification is carried to a

great degree. It forms a pi'ominent rim overhanging the mouth all round, projecting

in front like the brim of a cap in one species, the T. petasatus of Yucatan, or like

a spoon in another, T. spatulatus of West Mexico. This genus is also entirely
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exceptional in having a longitudinal row of teeth on the roof of the mouth, on the

parasphenoid bone. Most of the largest species of this series belong to the genus

Sypsiboas. This is characterized by the presence of a thumb, in which the last

phalanges are co-ossified into a curved spine of dense translucent bone, with a very-

sharp ajjex. This is concealed in a sheath of skin, but readily penetrates an object

against which it is pressed. This is another arrangement for enabling the male to

maintain his hold on the female during the season of breeding.

In the genus Phyllomedusa, the middle toes of both feet are reduced in size exactly

as in some genera of African lemurs (Arctocebus, etc.), so that the external toes oppose

Fig. 200.— Nototreuia marsupiatum.

each other. This is an adaptation to the habit of seizing a limb round it, a mode of

securing a hold different from that which prevails in the family generally, where the

toes are attached to flat surfaces by adhesion of their terminal discs. Accordingly
the discs are small in Phyllomedusa. This genus is connected with the central

form Hyla by intermediate forms, especially by the genus Agalychnis. Of the

ninety-five species of the genus Hyla, the largest are the H. dolichopsis of Xew
Guinea, and the JT. vasta of the "West India island of San Domingo. The head
and body are five inches long in both. They are exceeded in dimensions by the

Phyllomedusa bicolor, which occasionally reaches seven inches. The smallest Hyla is

the H. piclceringii, which is an inch and less in length. The common Eyla of the
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United States is the JT. versicolor, and the common and only European species is the

IT. arborea.

The Hylce of North America lay their eggs in the water, on some fixed hody, as an

aquatic plant, in smaller packets than those of the frogs, and not in strings, as do the

toads. The young of the S. versicolor are gray, and they undergo their metamor-

phoses while small.

The TlyleUa platycephala of southern Mexico is said to deposit its eggs in the water

which accumulates in the axils of the leaves of certain plants of the genus Tillandsia,

and to undergo its metamorphosis high above the ground. The species of Noto-

trema and Opisthodelphys have another method of carrying their eggs. They place

them on their back, and in a pocket formed by the infolding of the dorsal skin.

This is forced upwards from a point on the coccyx, in the manner of the finger of a

glove, and expands so as to cover, when distended with eggs, almost the whole dorsal

region, see Fig. 191. In JVbto-

trema marsupiatum. of Peru,

the young leave the pouch

while tadpoles. In N. testu-

dineum and in Opisthodelphys

ovifera, they pass through

their entire metamorphosis in

this singular position. In the

latter species the branchiae of

the larvae are of a peculiar

bell-shape.

The species of Hylidae are

noted for their loud and varied

voices. The first note of

spring in the United States

is the shrill piping of the

Hyla pickeritigii in the

swamps. If these little ani-

mals are imprisoned at this

time in a vessel, the deafening

loudness of their voice can be appreciated. Near the same time the rattle of the

Acris gryllus is heard from the same localities. A similar but weaker sound can be

produced by violently rattling clay-stone pebbles together. Later in the season, in

similar localities of a generally more sandy character, the voice of the Heloecetes triseria-

tiis is heard. The note of this frog may, in fact, be heard all summer in swampy ground,

which it never leaves for the trees. It may be imitated by scraping a coarse toothed

comb, and at the same time lifting it from some confined space, as of a pitcher, to its

mouth. It is, in other words, a rattle with a rising inflection at the end, more delib-

erately uttered than that of Acris crepitans. In the spring, especially when it rains,

the country is vocal in the evening with the clear, loud, trilled rattle of the Jlyla

versicolor. This species also continues its vocalization at intervals through the

summer, mostly in the evening. The Acris and Heloecetes may be heard during the

day as well. In the autumn the tree-frog that is most frequently heard is Syla

pickeringii. Its voice is less vivacious than in the spring, and its lonely pipe in

dry woodlands is always associated with golden-rods and asters and falling leaves.

VOL. III. — 22

Fig. Wl.—Acris gryllus.
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The Mexican Hyla arenicolor is said to utter a cry much like the bleating of goats.

The voice of the H.faber of Brazil is loud and metallic, resembling strokes on an

anvil. The noises of the Brazilian forest at nightfall are largely due to the species

of Hylidse that inhabit that country.

The colors of the Hylidte are often brilliant, and are generally changeable in accord-

ance with the surfaces on which the animal rests. The Hyla versicolor presents a

Fio. 202.— Si/la palmata, from Brazil.

marked instance of metachrosis or color-change. When on the trunk of a tree, it may
be a dark brown, resembling the bark, or a very pale gray, representing a lichen.

When placed among leaves it becomes a bright green. The species of Acris and

Chorophilus can undergo similar changes. An Acris crepitans may be studded with

brilliant green spots, or have a green dorsal band, or it may be uniform dusky, or

have a rufous dorsal band. The species which live among foliage and flowers are

often brilliant in their hues. Thus Hyla pulchrilineata of San Domingo is green
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with yellow longitudinal stripes. Scytopis' aurantiacus is gamboge yellow. JBypsi-

boas punctatus is spotted with pink. Hyla marmorata is painted like a harlequin in

gray, black, and yellow. The species of Phyllomedusa are often of the finest colors.

The P. bicolor is green above and pale purple below, with white purple-edged spots

on the sides. In the P. tomoptemus these spots are replaced by purple cross-bands.

In the Agalychnis caUidryas the colors are green and blue above, and gamboge-yellow

below, with vertical bands of citron yellow on the sides. In the rough-headed forms

the colors are plainer. The species of Triprion live among rocks, and their colors

are inconspicuous.

The typical genus of the Amphign^athodontiDjE, AmpMgnatliodon, is very peculiar.

It resembles the Hylidse in form, and is arboreal in habits. It has a dorsal pouch,

which is, no doubt, used, like that of the genus Nbtotrema, as a receptacle for eggs.

The only species, the A. guentheri inhabits the same region, i. e., the tropical Andes.

The Hemipheactid^ include some forms in which the cranial ossification is remark-

ably developed. This forms a kind of helmet, which develops in some of the species

{Ceratohyla bubahts, for instance), into processes and crests. In Amphodus there

are, besides mandibular teeth, teeth on the parasphenoid bone, the only instance of

this structure known in the Anura, outside of the genus Triprion. Its toes have ter-

minal dilatations as in the tree frogs. The only species, A. wuchereri, is from

eastern Brazil.
^

Stjb-Oeder III.— Gastrechmia.

This sub-order is represented by but one family, the Hemisid^, and by a single

well-defined genus, JTemisus. The species, of which but two or three are known, are

of subterranean habits, and have a general resemblance to those of the genus Rhino-

phrynus of the Bufonidse. The head is similarly small and with acute muzzle, and

the body short and thick. H. guttatum is from South Africa, and 11. sudanense from

tropical Africa. The family is toothless.

Sub-Order IV.— Firmisternia.

Of the five families of this sub-order, three are toothless, and two have teeth in

the upper jaw only. Of the toothless families the Dendrobatidse have cylindj'ic sacral

processes, and the Phryniscida9 and Engy-

stomidsB have them dilated. Of these two,

the former has a clavicle and precoracoid,

while they are absent in the latter. They
are also present in the toothed families,

which only differ from each other in the

form of the sacral transverse processes. In

the Dyscophidse these are dilated, and in the

RanidaB they are cylindric or nearly so.

The Dendeobatid^ belong exclusively

to tropical continental America, and to Mad-
agascar, a distribution nearly paralleled by
some other vertebrates, as the boas and the Iguanid lizards. The species are not

numerous, and they all have digital dilatations, supported by T-shaped phalanges.

The species of Dendrobates, which are all American, live on the ground.

Fig. 203.— Skeleton of Breviceps gihhosus, of South
Africa, from below.
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The PHRTNiscLDiE are found in tropical America, Malaysia, New Guinea, and Mada-
gascar. Of twenty-two species, sixteen belong to tropical America. Species of Phry-

niscus are found from Buenos Ayres to Costa Rica. Some of them are toad-like in

appearance, while others are of more elongate proportions ; most of them are strik-

ingly or brilliantly colored. The P varius is common in Costa Rica. It is black

above, with spots which may be red or green, and these may be confluent over the

back, so as to exclude the dark color. The P. longirostris has a dermal process on

the end of the muzzle. Prachycephalus ephippium is a small species which is com-

mon in some parts of Brazil. It looks like a small toad, and has a saddle-like bony

plate in the integument of its back. It is bright yellow. In the Central American

and Mexican genus, Sypopachus, we have the short conic head of the genus Engy-

stoma ; the Malaysian genus Calophrymcs, and the Sphenopliryne from New Guinea

have the same form. In the single Brazilian species of Stereocyclops, we have the

same form, but much depi-essed, so that it resembles an undersized Pipa. The skin

has an incrustation which thickens it, and the eyeball has an osseous ring surrounding

the pupil. It is leather 'brown, with a narrow white median dorsal line. Its habits

are subterranean or perhaps subaquatic.

In the Engtstomidje the range of form is even greater than in the Phryniscidse.

Thus in Microhyla the form is often slender, and the feet are webbed for an aquatic

life. In Callula the foi-m is more robust. Both these genera are eastern and southern

Asiatic. The species of Engystoma are American, and are of quite small size. One

of them inhabits the southern regions of the United States. In the spring it lives in

the water, from which it jDrojects its muzzle far enough to utter its very nasal monot-

onous cry. When alarmed it withdraws itself so quickly and quietly that it is very

difficult to discover. In Xenohatrachus, which has a single species found in New
Guinea, the dentition is peculiar in the presence of a single long tooth on each pala-

tine bone. The species of the tropical Asiatic genera Cacopus and Glyphoglossus

are almost globular in form, especially when distended with eggs. Hremceps and

Phrynomantis of South Africa are distinguished by the very weak ossification of the

skull. The latter has digital dilatations, but lives in the ground.

The Dyscophid^ include but eight species, which fall into five genera. All the

species except one from Pegu inhabit Madagascar. Some of them are remarkable for

the beauty of their coloration.

The most extensive family of the Firmisternia is that of the Ranid^. It em-

braces two hundred and forty-eight species, which are referred to eighteen genera.

This large family is almost excluded from the neotropical and Australian realms,

Mexico and Central America being the only part of the former which is furnished

with them, except a few restricted types in the northwestern part of South America.

They reach their highest development in the East Indies, where many genera and

species are found. The family includes a few subterranean species, and numerous

aquatic and arboreal forms. We do not meet in this family with the horny processes

for securing the attachment of the sexes, found in some of the Cystignathid», but the

firm structure of the sternum renders the grasp of the male more solid, and also

renders the thorax of the female less compressible. In most of the family both the

anterior and posterior sternal elements (mantibrium and sternum proper) are furnished

with an osseous style. In the South American genus Prostherapis the sternum is

membranous and rudimentary, but the manubrium is ossified, while in Colostethus, of

the same region, both manubrium and sternum are membranous or wanting. Both of
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these genera have the digital dilatations apparently like those of tree frogs, but they

are supported by T-shaped phalanges, as in Hylodes. In Prostlierapis they are divided

into two lateral lobes by a longitudinal fissure on the upper side^

The Asiatic and African types of arboreal Ranidae' have the dilatations of the toes

supported by Y-shaped phalanges, with the sole exception of the African genus

Ilylambates, which have the ball and claw form of the Hylidse. The largest and most

brilliantly colored of the old-world tree-frogs belong to the genus Mhacophorus. In

some of the species of the Malaysian islands the webs connecting the fingers and

toes are so large as to form, when extended, parachute-like supports to the animal

when leaping from tree to tree in the air. A related genus is the African Chiro-

Fig, 204.— Hhacophorus reinhardtU.

mantis, where the toes of the hand are opposable, two against two. Ixalus is a genus

widely distributed in Asia, which includes generally small species, all Avithout teeth

on the roof of the mouth. Myperolius is a somewhat similar genus, also without

vomerine teeth, which is distributed everywhere in Africa where there is vegetation.

Many of the sjaecies are brilliantly colored.

There are over one hundred and ten species of the genus Rana. Some of them

have digital dilatations, and are arboreal in their habits. Others have smaller dila-

tations and are terrestrial. The typical species are aquatic, or live on the edge of the

water, in which they take refuge on the approach of danger. Most of the species are

remarkable for the length of the leaps they can make, and the aquatic forms are equally

expert swimmers. The largest species is the North American bull-frog, Eana cates-
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biana, in -which the head and body occasionally attain a length of eight inches. The
common species of Europe are the Mana esculenta and the Rana temporaria. The
former is a green species with numerous glandular ridges of the dorsal integument.

The It. temporaria has but two dermal ribs, one on each side of the back, and is of a

pale brown, more or less marked with dark brown. It has a black patch on the side

of the head, which includes the tympanic drum. It has a wide distribution, extend-

ing, under varietal forms, to Japan, California, and the eastern United States. In the

last named region it is the sub-species Mana silvatica of American naturalists. It

differs from the other American liance in its avoidance of water, except during the

fiQ. 205.— liana temporaria.

breeding season, and in its preference for dry woods. There its light brown colors

readily conceal it among the fallen leaves. It takes enormous leaps, and is difficult to

catch on that account.

There are five species of Rana in the eastern United States, including the H. silva-

tica, which represents the H. tetnporaria. One of these is the JR. halecina. Its colors

vary from dark olive to bright green, and its upper regions are always marked with

brown spots which may or may not be light bordered. It has several rows of dermal
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folds on the dorsal regions. It has a very wide geographical distribution, extending

from the northeastern United States as far as Guatemala. It presents two well-marked

varieties. The true Ji. halecina is found along the Atlantic seaboard, in the swamps
on the borders of the rivers and estuaries. It is of a dark olive color, and has small

round brown spots, not light bordered. Its muzzle is more acute. The other variety,

berlandieri, is found inland in the United States and extends to Central America. It

reaches a larger size, and has a more obtuse snout, and is a bright green above with

larger light-bordei-ed spots. Hana palustris is allied to li. halecina. It is confined

to the eastern United States, and extends its wanderings further from water and

higher in the mountains than that species. It is of a light brown, and has two rows

of lai-ge, dark-brown, subquadrate spots on the back between the dermal folds of the

sides. It has no dermal sacs on the sides of the throat, which are such a marked
feature in the H. halecina. The common green-frog of cold springs is the Hana
clamata. It is distinguished by the enormous size of its ear-drum, the two dermal

ridges one on each side of the back, and by the rather narrow palraation of the hind

foot. In the bull-frog, H. catesbiana, the ear-drum is not so large, there are no dermal

folds on the back, and the foot has a wider web. It prefers muddy banks and the

edges of mill-dams and lakes as its abode.

The voices of the lianas are not as musical or varied as those of the Hylidse. The
Ji. sylvatica is the most silent species. The voice of the H. palustris is a low,

strained, prolonged croak, as though woven goods were giving way. In the spring

the swamps resound with the ' chock, chock ' of the Hana halecina, which, while not

very loud in each individual, when performed by a chorus of thousands, creates a

deafening din. The more solitary It. cZamato is usually heard to utter a 'chung'

to a small audience in a small spring. The sonorous roar of the Hana catesbiana is

well known to every one who dwells in the country near a mill-dam. Several of

these animals will awaken the silence of a hot summer evening with notes calculated

to disturb the repose of the superstitious. The comparison with the voice of a bull

is not very inaccurate.

The North American species of Hana deposit their eggs in large more or less

globular masses attached to sticks, plants, etc., in the water. Some of the arboreal

species of RanidEe adopt other modes of securing their reproduction. The Ghiro-

mantis gicineensis of West Africa deposits its eggs in albuminous masses in bunches

of leaves of trees, to which they readily adhere. During the dry season these

masses become quite hard, but on the advent of the rains they become soft, and fall

to the ground below. As the mother frog is careful to place the eggs in leaves which

are suspended over a watercourse, they soon reach the proper element for their

development.

The tadpoles of frogs are very voracious, and feed on flesh of such animals, living

or dead, as they can masticate with their feeble horny jaws. They are most excellent

preparateurs of skeletons, and have furnished the most delicate specimens in perfect

preservation, as was long ago demonstrated by Professor Baird.

In the dry regions of South Africa are sevei-al species of Ratia which live in holes

in the ground, only issuing after rains. Such species have a shovel on the hind foot,

like the species of Pelobatidm, but this character shows so many stages of develop-

ment in the different species that they cannot be separated from the genus Hana.

One of them, the Hana adspersa, reaches a large size. In Central and South Amer-

ica there is a genus allied to Hana, but which differs from it in having the ethmoid
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bone unossified above, so that it forms only a half-ring instead of a ring. This is the

genus JRanula. Three species are found on the Amazon, and a very elegant one, the

li. chrysoprasina, occurs in Costa Rica, see plate cit. Ranidae, Fig. 3.

A remarkable Asiatic genus is Oxyglossus, which has the tongue angulate behind.

In nearly all other Ranidse the tongue has two processes separated by a deep notch

behind.

The gradation in the ossification of the skull is not so great as in some of the other

families of Anura. Thus no genus has a frontoparietal fontanelle, and the ossification

does not extend so far on the other hand as to overarch the temporal fossa and muscle.

The range is seen first in the completion of the ethmoid bone above, and then in the

extension of the prefrontal bones towards each other on the middle line, (see pp. 272,

273, Ranidse, Figs. 3-\ 3, 3^^, 3=). At the end of the series is the restricted genus

Polypedates, where the ossification involves the derm of the skull, as in Trachycepha-

lus of the Hylidae, and Calyptocephalus of the Cystignathidse (see pp. cit. Fig. 5).

The species of Rana with completed nasal bones (pp. cit. Fig. 3'), and the genus

Polypedates, inhabit India.

Edwaed D. Cope.
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Class YIII.—EEPTILIA.

Reptiles are cold-blooded animals -which breathe by means of lungs, and gen-

erally have the ventricles of the heart but incompletely separated from each other.

The body is protected, externally, by scales or armor plates, and the embryos are pro-

vided with an amnion and an allantois. A general structure is presented somewhat

higher than that of batrachians, and lower than, though strongly resembling, that of

birds.

The general form of the body is that of the previous class. The trunk usually

plays the chief part in locomotion, while the limbs are either entirely absent, as in

Ophidia, or, among the lower forms, are present only as aids in the serpentine move-

ment. To this end the vertebral column is strong and rigid, terminating posteriorly

in an. elongated tail, and presenting but feebly those regions so distinct in the birds

and mammals. All reptiles, however, are not of this low type ; the tortoises, several

lizards, and many fossil forms have the limbs well developed and the vertebral column

more or less differentiated.

Protection from injury with most of the smaller reptiles lies chiefly in resem-

blance, color, and in the shielded areas of the skin, the outgrowths of which may be

from either the dermis proper, as the scale-like ossifications of many lizards, or from

the epidermis, as the corneous plates of the crocodiles and turtles. Many serpents

and the remarkable lizard Hdod&rma are provided with poison apparatus, wHich

renders a conflict with them of the most dangerous nature. The larger reptiles trust

alone to sheer force for protection.

The skeleton is seldom otherwise than strong and bony, and though many fossil

foi-ms, as well as the geckos and Satteria, have bi-concave vertebral centra, as a rule

the bodies of the vertebra are concave anteriorly only. Ribs are quite characteris-

tic,— in the serpents being the chief organs of locomotion, and in a few lizai-ds forming

the support of the so-called wings. They are often united to a sternum by means of

sterno-costal pieces, and in the crocodiles a cartilaginous plate extends from sternum to

pelvis, bearing lateral processes which serve the function of ribs proper. The skull is

composed of well-ossified bones, the embryonic condition presented by many batra-

chians being supplanted, and is connected with the axial skeleton by means of a single

condyle. The specialized cranial structure presented by the Ophidians is of particular

interest, and will be spoken of in connection with that group. The limbs and their

respective girdles, though completely absent in most snakes, are generally present and

are often highly specialized.

The nervous system is a decided advance on that presented by the previous class.

The hemispheres are large, and show an inclination to overlap the portions of the

brain posterior to them. The cerebellum exhibits a regular advancement in develop-

ment, coincident with that presented by the respective representatives of the class

from Ophidia to Crocodilia, where avian peculiarities are anticipated.

As to the organs of special sense : In the serpents and a few lower lizards, eye-

lids are not present. When thus unprotected, the cornea is covered by a crystal-like

scale which holds a thin layer of lachrymal fluid. Hearing is of varying delicacy. A
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tympanic membrane, with its cavity and eustachian tube, is present in all the forms ex-

cept the serpents and some footless lizards. The organs of smell are usually weU devel-

oped, and in some aquatic forms the external nares are provided with valves. The sense

of taste is often more or less defective, and its seat is probably not in the tongue alone,

but also in special areas of the mucous membrane of the buccal cavity as well.

The jaws of all existing reptiles, excepting the turtles, are provided with small,

sharp, often recurved, prehensile teeth, which never serve the office of mastication, but

are used to grasp and retain the prey. Teeth may also be on the palatine and ptery-

goid bones. (The specialized maxillary teeth of the poisonous serpents will be men-

tioned in connection with that group.) Salivary glands are present in ,both serpents

and lizards, and sub-lingual glands are characteristic of the turtles. The oesophagus

is long, capable of great dilatation, and its walls are usually longitudinally folded,

though in turtles they are provided with papillsB ; it leads into a stomach, transversely

placed in Chelonia, though longitudinal in other forms. The intestine, in all save

the herbivorous turtles, is short and

but little coiled, and ends in the

cloaca, which opens externally by a

round opening, or in serpents and

lizards by a transverse slit.

Respiration is always performed

by means of lungs, and these, except

in the serpents and the apodal lizards,

are of equal size and of the ordinary

structure. Air enters through the slit-

like glottis and reaches the lungs by
passing down an elongated trachea

and bronchial tubes. The ribs play

a most important part in breath-

ing; though the rigidity of the cara-

pax and plastron of the turtles

compels the members of this group

to force the air into the lungs by
swallowing it.

The organs of circulation are of

particular interest, as they present

the several stages of development

from that of the batrachians to birds.

The right auricle is the larger and
receives the systemic, while the left receives the pulmonary veins. The ventricles

are only partially separated from each other in the lower forms, and mix, to

a greater or less extent, the venous with the arterial blood. Right and left aortic

arches are present. The crocodiles, however, have the ventricles separated by a parti-

tion, and a structure resembling that of birds is obtained. The right aortic arch and
carotids arise from the left ventricle, while from the right ventricle arise a left aortic

arch and the pulmonary arteries.

The renal organs are in the hinder region of the trunk, and the turtles and lizards

have the urinary bladder appended to the anterior wall of the cloaca, into which also

open the genital ducts. The reproductive organs are more or less bird-like, the intromit-

Fi6. 206.— Heaitof lizard from beneath; the aerated blood
indicated by dots, the unaerated by crosses ; a, abdominal
or descending aorta ; c, carotid artery ; /, left auricle ; Z,
lungs

; pay pulmonary artery
;
pv, pulmonary vein ; r, right

auricle ; s, subclavian artery ; t, trachea ; v, ventricle ; /,
//, ///, /K, remnants of branchial arches.
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tent organ of the male in the lower forms (Ophidia and Lacertilla) is paired. Though,

as a rule, reptiles are oviparous, there are several forms which retain the eggs, until

they are hatched, in an enlargement of the ovarian tube. These forms, of which

many viperine snakes, as well as the horned toads and some of the apodal lizards, are

illustrative, are said to be ovoviviparous.

As to the developmental history of this branch, that of the birds is foreshadowed.

The egg is of considerable size, and often contains a supply of food for the growing

embryo. By a folding together of the ventral walls of the body, the embryo,

though at first lying prone upon the egg, is finally only connected with it by

a small peduncle, the umbilicus, through which is drawn the nourishment of the food

yolk.

The amnion is a thin membrane enclosing the embryo, which floats in liquid. The

allantois is an organ of embryonic life, and performs the ofiice of a respiratory sac. It

is appended to the posterior portion of the alimentary tract, and is only met with in

those animals which are unpi-ovided with gills, and which do not, on leaving the egg,

pass through metamorphoses. These two organs, the amnion aud allantois, first

appear in the reptiles.

Having now, in a cursory way, examined the general points of structure presented

by the various members of the class, an inquiry into its relations can be profitably

made ; it is here that the real value of paleontology presents itself. By considering

the fossil forms, the reptiles are seen to pass imperceptibly into the birds, and the birds

are found to reach over, as it were, and greet the reptiles. The dinosaurs were rep-

tiles having the pelvis, hind limbs, and feet strongly resembling those of the ostrich,

and some of the bones of the body were supplied with air-cavities. Many were biped,

the anterior limbs being extremely small. That they were provided with teeth does

not argue their non-avian affinities, for the lower birds, like Hesperoriiis, were well

supplied with these organs of pi-ehension. The most remarkable avian peculiarities

are presented by members of the highest order, Pterosauria. These flying reptiles had

the bones of the fore limbs resembling, to no little extent, those of birds ; the neck and

head were long; the jaws were sometimes toothless, and encased in horn ; the tail was

short, and the shoulder-girdle, keeled sternum, and hollow bones carried the resem-

blance still further. As a result of these resemblances, together with those advanced

by the anatomist and embryologist, the birds have been united with the reptiles into

a single group, the Sauropsida, the propriety of which arrangement is daily more and

more evident.

Although the snakes and a few lizards extend well up into the temperate regions,

which is the true home of the turtles, by far the greater number are found in the

torrid zone, from which the Crocodilia do not ordinarily wander. As reptiles are

animals illy adapted for migration, they endure the cold of winter by passing into

a torpid sleep— hibernation, and the enormous heat of the tropical sun by a some-

what similar summer sleep.

Reptiles first made their geological appearance during the carboniferous age,

and abounded during the mesozoic, when they were rulers of the air, land, and

sea. The classification now generally adopted divides the class Reptilia into eleven

orders.
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Order I. — OPHIDIA.

The characteristics which separate the ophidians or serpents from the other

orders of the Reptiles may be briefly stated as follows: An elongated body,

protected by scales, which cover, proportionally, much less of the integument than

those of the higher reptiles, or those of the fishes, and are so attached as to allow con-

siderable distention of the underlying skin. Limbs are rarely represented, and never

except as a pair of posterior rudiments. The tongue, capable of protrusion, is of a

dark red or blue-black color. A urinary bladder is not present. Though themselves

small in diameter, the ophidians prey on animals of considerable size, and that these

may be swallowed whole, the entire structure of the body is specially adapted. The
bones of the skeleton, including those of the head, except those whose special func-

tion is to protect the brain, are not anchylosed as in most other animals, but connected

by ligaments only, allowing the bones considerable individual movement ; this spe-

cialization is characteristic. In general form the serpents may be regularly cylin-

drical, there being no external constrictions marking the divisions of the body, as

head, trunk, and tail ; or the several portions may be very distinctly shown. The
head is, in the majority of common snakes, of a depressed, conical shape, though in

some it is flat and triangular, or rounded and fusiform. The mouth is generally large

and distensible; though in forms like Typhlops^ it is small, and capable of only limited

expansion. The body— or, more properly, the trunk— is ordinarily cylindrical, though

many forms have the power of laterally expanding it so as to give them, when viewed

from above, the appearance of more than actual size, this habit is possessed by many
of the Proteroglyphs, forms like Naja having even the bones of the neck specialized

to this end. Lateral compression and vertical expansion is characteristic of many
innocuous forms, especially so of the tree-snakes. The tail of ophidians, that portion

of the animal behind the vent, presents as much variation in general outline as any por-

tion of the body. Though generally round and tapering, in Silybura it is short and

truncate ; in many underground snakes it is rounded, stout, and blunt, performing the

office of a lever ; and in the sea-snakes (Hydrophidte) it is compressed and vertically

expanded. It may be terminated by a small cap-like scale, as in many common forms,

by a short spine, as in some of the Opoterodonta ; by a long spine, as in Acantho-

phis and Pityophis ; by a rattle, as in the Crotalidae, or it may be simply fusiform and

scaled.

In regard to the organs of special sense, the ophidians are somewhat defective.

The sense of sight, from observations made by Dr. Yarrow, seems to be more or

less imperfect, and though the eyes, being unprovided with lids, must be incessantly

on the alert, they are by no means the chief organs for discovering the whereabouts

of the prey, the senses of smell and touch here being of chief value. Younger

snakes have the eyes proportionally larger. The sense of hearing is dull, so much so

that "as deaf as an adder" has become proverbial. There are no external organs of

hearing, and it is probable that reptiles feel the jar produced by an approaching

animal rather than that they distinctly hear it. The sense of smell is more acute, and

by it the animals find their food, as well as their mates ; many are known to exude a

most permeating odor. The nostrils are placed at the apex of the snout, and, in those

forms which are aquatic, are provided with valves. The tongue is a tactile organ,
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and, by a special opening between the plates of the front of the mouth, can be

protruded while the jaws are closed ; in the Hydrophidse a si^ecial arrangement per-

mits this without admitting the water. The sense of taste is probably wanting, as

the reptile swallows its prey without mastication, though some forms crush it in the

coils of the body. All ophidians are carnivorous.

The serpents are covered by an armature of scale-like folds of the skin, which

are ordinarily imbricated, though in some forms they are merely juxtaposed. The
armature of the lower surface of the body, in terrestrial forms, consists of a

series of transversely elongated scales, known as abdominal scutes, and the head is in

most cases protected by a regular arrangement of plates or shields. These shields,

modified or otherwise, and their arrangement, are of great value in determining spe-

cies, as they are very characteristic. The scales of the body are either smooth or

provided with one or more longitudinal ridges, or cariniB, and are arranged in longitu-

dinal rows of equal number each side of the vertebral ridge, along which there is gen-

erally a more or less peculiar series, though in Stenostoma and Herpetodryas this row

is absent, making an even number of rows. In some forms, like Naja, which distend

their necks, the number of rows in that region is increased. The ventral scutes are

Flo. 2ffr.— Upper, side, and lower views of head of snalce, to show the plates covering it. 1, rostral ; 2, nasal ; 3,

loreal ; i preooulars or anteorbitals ; 5, postocnlars or postorbitals ; 6, temporals ; 7, internasals ; 8, prefrontals

;

9, frontal ; 10, superciliary or supraocular ; 11, parietals ; 13, lahials ; 14, infralabials ; 15, gular ; 16, mentals ;

17, sub-mentals ; 18, ventrals ; 19, dorsals.

ordinarily entire in outline, though in Dendrophidse they have a pair of notches, and

in Hydrophidaa they are replaced by scales of the ordinary kind. As each of these

abdominal scutes is attached to a pair of ribs, their number corresponds with the

number of vertebra, and is hence of considerable diagnostic value. The scute

immediately in front of the anus is often divided, as are those underlying the tail,

the sub-caudals.

Of the plates of the head it may be said that, as they vary but little in different

individuals of the same species, they are the most important factors in specific deter-

mination. They are named from the parts of the head which they protect. The

frontal scute overlies the frontal bones, and is generally entire
;
posterior to it is the

pair of parietals, while anterior are the prefrontals, or, as they are sometimes called,

posterior nasals. Bordering on the parietals, frontal and prefrontals, and extending out

over the eyes, are the supraorbitals or supraciliary plates, while posterior to the pari-

etals are the generally scale-like occipitals. At the point of the snout is the rostral,

and lying between it and the prefrontals are the internasals. The labials line the

upper lip, and in the pythons are deeply pitted. The lower lip is similarly armed by

the infralabials. In front, the rostral is opposed to the mental or chin plate. Around the

eye are anteriorly the preorbitals, posteriorly the postorbitals, and, frequently, below the
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infraorbitals; behind the postorbitals are the subdivided temporals. The nostril opens

through a plate, the nasal, which may be and often is divided ; between it and the

preorbitals is the loreal, a shield quite characteristic of harmless snakes. Posterior to

the mental, and lying between the infralabials, are the submentals and gulars.

Ordinarily the serpents have regular periods of sloughing the skin, which differ

with different forms. Some little time before the change takes place, the waste skin

so cleaves from the eyeballs as to render the serpent partially blind, making it

unusually irritable. The skin then splits away from the margin of the mouth, and

either by gliding through some narrow opening, or by passing through a ring of its

own body, the serpent emerges, leaving its old coat turned inside out, but in perfect

condition. If, as often happens in confinement, the animal has become ill, the slough-

ing is only partial, and, losing all appetite, it eventually dies.

As a rule, with the exception of a hiss produced by forcibly exjselling the breath,

the serpents are dumb ; though KrefEt maintains that some make a drumming noise,

and the Indian Ptyas mucosus is said to give rise to a note like that of a tuning-fork.

Garman has observed that some of the boas whine.

The progression of ophidians is reducible to three modes. The animal may glide,

perhaps in a perfectly straight line, by use of its ventral scutes, each, on finding some

resistance, forcibly pushing the animal forward. It may walk, by allowing each

scute to act as a pair of feet, the lateral portions being alternately carried forward and

pushed back ; an undulatory movement like that of myriapods would result from this

mode. The third manner is by pushing, as the underground snakes do almost exclu-

sively. Ordinarily ophidians combine the three methods. The sea-snakes progress by

an undulatory movement, and by the sculling action of the paddle-like tail. No ser-

pent can move forward on a perfectly smooth surface.

It is impossible for any ophidian to jump, and it is with extreme difficulty that

more than the anterior half of the body can be raised, unassisted, from the ground,

though with some support, as the side of a box, the animal can stand almost verti-

cally. In habits they are chiefly diurnal, though there are several tropical forms which

hunt during the night. Most, if not all, have some period of the year during which

they become inactive. In the torrid zone this may be called aestivation, while in the

colder climates it is true hibernation, the animal being apparently in deep sleep;

though if kept warm and constantly irritated it will pass the winter as it does the

summer, and without any ill effects.

The coloration of ophidians is varied, and offers some of the most striking illus-

trations of adaptation and protective resemblance. Some of the rattle-snakes, which

live in more wooded sections, are, on exposure on the hot neighboring plains, changed

to a much lighter shade, and the members of all families have the general coloration

harmonizing well with their surroundings. The tree-snakes are always of colors

resembling either the leaves or twigs among which they live. The common grass-

snake, Cyclophis vernalis, offers an excellent illustration of adaptive color. In

the tropics many perfectly harmless forms have adopted the coloring of the

most venomous, while the Tropidonotus macrophthalmus offers perhaps the most

wonderful illustration of protective resemblance known to the order. This inno-

cent animal has not only the general form, habits, and markings of the deadly

cobra, but even that animal's distensible neck and elongated ribs,— a perfect

counterfeit.

Whether snakes swallow their young has been much discussed. The case stands
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thus : Many people maintain they have seen the animals pass into the mother's

mouth in time of danger ; some fishes, Arii, are known to protect their young by re-

taining them in the mouth ; a male amphibian, JRhinoderma darwinii, carries the eggs

in a laryngeal pouch until they are well developed
;
young serpents could live for

some time shut up in the mouth, gullet, or even stomach of their parents ; the

belief is an old one and well established. On the other hand, no naturalist of good
standing has ever been able to observe the young serpents thus seek safety ; and of

the serpents found in the gullet of dissected snakes, all have been of a different

species, or immature individuals of the same species as their devourers, and were
undoubtedly taken as food.

The skeleton of ophidians is chiefly axial, there never being any pectoral girdle,

and only rarely (in Opoterodonta and a few families of Colubriformia, as the Tortrici-

dsB, Pythonidae, and Boidae) a pelvic girdle with rudimentary limbs. When the

hind limbs are present, they appear, externally, as two short claws or processes each

side of the anus, and are probably used as clasping organs. The two rami of the

lower jaw are not united in fi-ont by a bony sym-

physis, but by an elastic ligament, giving them
considerable lateral expansion with the ordinary

vertical movement. The bones of the upper jaw
are also so connected with the other bones of the

face as to allow more or less individual movement.
The teeth are never permanent, but are capable

of being renewed, like those of fishes, as soon as

the old ones are worthless. They all point back-

ward, and those of the palatine and pterygoid

bones resemble the armature of the jaws.

The vertebras are concave in front and convex

behind, and connected by free ball and socket

joints, twisting being prevented by horizontal

articular surfaces ; those of the body seldom exceed

three hundred in number. The ribs are the chief

organs of locomotion, being attached at their free

ends not to a sternum but to the ventral scutes.

The alimentary system is elongate and adapted

to the general form of the body. In the disten-

sible mouth the food is subjected to the treatment of saliva, which, in its or-

dinary form or as poison, is given off in considerable quantities, and materially aids

in the process of digestion. The stomach is a simple enlargement at the end of the

oesophagus, provided with longitudinal folds, and in turn leads into a relatively short

intestine. The liver is asymmetrical, and passes from the anteriorly placed heart to

the pylorus ; its reservoir, the gall bladder, is somewhat removed, and is placed, with

the pancreas and spleen, in a fold of the duodenum. Though serpents drink a great

deal of water, and will perish if it is not given them, they have been kept for months
without nourishment of any kind whatever.

The respiratory system is peculiarly specialized. The lungs are paired only in the

boas, some Proterogylphs, and the Crotalidas, in other forms only one is developed, which

may be specialized into an air-sac posteriorly, its fellow appearing only as a rudiment.

The trachea is long and may be provided with air-cells, and the larynx can be projected

Fig. 208.— Skull of snake ( Tropidonotus) ; an,
angular ; ao, antorbital ; ar, articular ; d,
dentary ; eo, exoccipltal

; /, frontal
; p,

parietal
;
pi, palatine

; pm, premaxillary
;

pr, prootic
;
pi, pterygoid

; g, quadrate ; sa,
surangular ; sh, stylofiyoid ; so, supraoccipi-
tal ; sg, squamosal.
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during the tedious process of swallowing, when, too, the tracheal air sacs and the pos-

terior reservoir come into play.

The ovaries and testes are paired ; the right, however, is often the larger and

placed in advance of the left. The male has a pair of intromittent organs, which are

grooved, and, when in use, are everted, like the finger of a glove. Some species have

these organs armed with sharp spines or hooks, anticipating the special development

of some of the rodents. No urinary bladder is found in Ophidia.

The eggs of serpents are oblong in form and covered by a leathery envelope, for

the rupture of which the embryos are provided with an egg-tooth, a special develop-

ment like that of the chick. The eggs, whose embryos are well advanced before

deposition, are ordinarily left to care for themselves, though the pythons con-

tinue to firotect them, winding their body around, and, with their feeble heat, incubat-

ing them. In some forms, especially the members of the Solenoglypha and some of

the Proteroglyphs, the eggs hatch in the oviduct, an occurrence which may happen in

snakes ordinarily oviparous, and the young are thus born. The classification herein

adopted arranges all the members of the order Ophidia in four sub-orders : Opotero-

donta, with non-distensible mouth, facial bones immovably connected, teeth only in

one of the jaws, and the posterior limbs as rudiments ; Colubriformia, having teeth in

both jaws, no fangs, and including all the more common harmless snakes ; Protero-

glypha, poisonous snakes, with large, permanently erect, grooved fangs, which are

placed anteriorly in the upper jaw, and are usually immediately followed by ordinary

teeth; Solenoglypha, with the perforated fangs unaccompanied with ordinary teeth

and capable of being depressed.

Sub-Oedee I.— OPOTERODONTA.

The first sub-order includes those forms which, because of their imperfect eye-

sight (rendered so by the odd arrangement of the lateral cervical plates, which so

cover the eye as to render vision extremely indistinct), are popularly known as ' blind-

worms.' They are jJro^ided with a narrow, non-distensible mouth, and the bones of

the head are more firmly united together than those of other ophidians. The solid,

hooked teeth are only in one jaw (upper or lower) and the

body is terminated by a short tail. Posterior limbs are

sometimes present as rudiments. The larger number of

species belong to the genus Tt/p/ilops.

The Typhlopid^ are very generally distributed over the
Fig. 209.—Head of Typhlovs. ,

• j. ,t i i j;
• i, j; ;i •"^ '. warmer portions of the globe, four species being found m

our country north of Panama. To the naturalist they are most interesting forms

and are eagerly sought after. They are the lowest as well as the smallest

ophidians,— an ordinary earth-worm is gigantic when compared with some. Their

short muscular body, designed for underground tunnelling, rudimentary eyes, and

peculiar dentition, are special points of interest. The genus Typhlops has the

body covered with small imbricate scales ; the tongue foi-ked ; a pair of scarcely

discernible eyes ; and the lungs unequal in size. The head may be obtuse,

depressed, or in some species drawn out into a horny tip ; the tail may also be en-

sheathed in horn, as is the case with Typhlops philippinus. The upper jaw is toothed.

Many species of this genus inhabit British India, where, after showers, they come

above ground and are very active.
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Of the four American species, T. longissimus is a doubtful form, which has not

been met with since the time of its description by Dumerel and Bibron. T. perditus

and T. basimaculatus are Mexican forms in which the eyes are invisible. The gen-

eral color of the latter is yellow, but the more dorsal scales are minutely spotted at

their bases, while the head and tail are immaculate. T. emtmctus is very long and

slender, though the tail is not longer than the diameter of the body. The color is

silvery brown, the snout and lips light yellow. It is found from Panama northward.

Australia has nearly a dozen species of this genus, most of which have been named
after men who have distinguished themselves as herpetologists. They are all under-

ground forms, chiefly feeding on ants and their eggs. In burrowing they are greatly

facilitated by the general form of their body, which is of a larger diameter posteriorly

and is terminated by a short acuminate tail.

A second genus, Anomalepsis, characterized by having the crown shields regularly

arranged, is found in Mexico. A. mexicanus is long and slender, with tail like Ty-
phlops, and eyes visible through the semi-transparent ocular shield. The labials are

only two in number, though the previous genus is provided with four. The color is

reddish-brown, of a lighter shade below ; the yellowish-white border of the individual

scales gives the animal the appearance of being reticulated. The genus Stenostoma
is provided with teeth in the lower jaw, and the shields of the crown are reduced to

scales. The ocular is large and transparent, displaying the eye beneath. Members of

this genus are quite abundant in Mexico, a form having the scales arranged in four-

teen longitudinal rows, the two labials separated by the ocular, and the infra^labials

four, inhabits Texas, and is known as S. dulce. Allied to this is S. rubellum, which
has five infralabials and reaches a length of eight inches.

SuB-OeDEE II.— COLUBEIFOEMIA.

This group embraces all the harmless ophidians except the forms already treated

under the head of Opoterodonta. As a general rule these serpents have the maxillary

and mandibulary, as well as the palatine and pterygoid bones, well provided with

small recurved teeth, and in some forms those of the mandible, posteriorly, may
become fang-like and conduct poison from a venom gland. Such forms are, however,

rare, and, though evidently poisonous, are not regarded as being dangerous. The sev-

eral members present a great variety of form, and can more easily be distinguished

from other sub-orders than they can be comprehensively defined as members of a

single group circumscribed by distinctive characters. The colubriform snakes are

found in the temperate regions, usually as terrestrial forms, while in the tropics

they are not only found on the ground, but many are arboreal. Aquatic forms

are abundant in some localities. Not only are colubriform snakes beneficial in

destroying vermin, such as mice and rats in the southern states, and the

troublesome pouched-gophers, Geomys bursarius, in the West, but some of these in-

nocuous forms do not hesitate to battle with the most poisonous Solenoglyphs, which

they often defeat.

As before said, though the majority of colubriform snakes are harmless, and are

only too glad to retreat from the sight of a human being, a few are aggressive. Some
of the tree-snakes, Dendrophid«, do not hesitate to spitefully attack travelers as they

pass unsuspectingly through the jungles, and often— as they choose the eye as the

point of attack— inflict dangerous wounds. The pythons have been known to attack

VOL,, ni. — 23
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and kill full-grown men by their powerful coils, though those reptiles are ordinarily

of a most timid nature, retreating on the least disturbance. The variations in -form
presented by the sub-order have their extremes in the short thick body of the Tortri-

cidse, or the bluntly terminated body of Silybitra, and the slender elongated form pre-

sented by many of the Uendrophidse. A few, such as the pythons and boas, and
some of the Erycidse, as well as the Tortricidse, have the pelvic limbs represented by a

pair of anal claws.

The first to be treated, and, consequently, the lowest family of colubrifoiTU snakes,

includes a number of Asiatic underground forms, having many characters in common
with the Typhlopidse, united under the name Ukopeltid^, or shield-tails. The mem-
bers of this family have the cylindrical body passing without any visible constriction

into the short pointed head. The tail is abbreviated and often terminates abruptly

in a naked disc, or, in the genus Silybura, covered with keeled scales. The eyes are

very small, and the cleft of the mouth of inconsiderable width, and not distensible

;

the jaws are armed with but a small number of teeth. The shield-tails, it will thus be

seen, are adapted for an underground life, where they find larvise, worms, and ants'

eggs, of which latter they are very fond. Though seldom met with, they are very

abundant in numbers, and chiefly inhabit the island of Ceylon, though some forms are

found on the neighboring mainland. The genus Hhinophis includes several Cin-

ghalese species, characterized by having the nasal plates separated by the rostral

;

and the tail, which is shorter in the female, covered by smooth scales, and terminated by
a rough shield. M. oxyrhynchus reaches a length of fifteen inches, and is found in the

loam at a depth of two or three feet, as well as in ant-hills. R. punctatus, which

attains the length of nineteen inches, is the largest species.

Of the genus ZTropeltis, only a single species, U. gixmdis, the largest of the family,

is known. It inhabits the mountains of Ceylon and is exti'emely rare. The genus

Silybura includes a number of species which have the scales of the abrupt tail

strongly keeled, and the supra^orbital and postocular shields confluent. S. macrolepis

is represented by a single Indian specimen measuring ten inches in length. Plecturus

has only two uninteresting forms. The final genus of the Uropeltidse contains but a

single species, Melanophidium wynaadense, which has the termination of the tail

armed with a rough horny point. The genus and species have been described from a

specimen captured at Wynaad at an elevation of 3,500 feet.

The second family, ToKTKiniD^, or short-tails, have the short, blunt head depressed,

and not distinctly marked off from the body, which is protected by evenly laid,

smooth plates, those of the ventral side exceeding the others but little in size. The

eyes are small; the labials but six in number; and the teeth are few but stout. The
most noteworthy feature, however, is the rudimentary pelvis, which bears a pair of

small limbs which make their appearance each side of the base of the tail as

small claws. Members of this family are found in both hemispheres, where they pre-

fer the dry and sandy districts, burrowing near the surface for subterranean worms

and insects. Tortrix scytale is beautifully banded with black, and does not exceed two

feet in length. Its habitat is the valley of the Amazon, the natives often wearing it

as an animated neck-ornament. T. eryx inhabits southern Europe and Egypt. The

genus Cylindrophis is characterized by the absence of intermaxillary teeth. But three

species are known, two of which inhabit British India, where, being, like the other

members of the family, sub-terrestrial, they are seldom found.

To the family Tortricida3 may be appended the genus Xenopeltis, to which some
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naturalists give a family value, JTenopeltis has eight labial plates, and the ventral

scales well developed ; it is represented by a single species, ^ unicolor, which inha-

bits Borneo, Sumatra, Java, the Celebes, -and other neighboring islands, as well as a

portion of British India. In its habits it is nocturnal, and obtains its prey of small

mammals by entering their burrows. Being a large and stout animal, sometimes reach-

ing the length of four feet, it has little difficulty in overpowering its victims.

The thii'd family embraces the Eeycid^, or sand-snakes. Members of this group

have a small conical prominence on each side of the vent, somewhat resembling the

anal spurs of the Boidse ; the tail, however, is much shortened, and, instead of being

Fig. 210.— Eryx j<Kulus, saiid-suake.

used as a prehensile organ, is so developed as to act as a lever, assisting the animal in

working its way into the coarse gravel of the barren plains which it inhabits. Nearly
every desert has its representatives of these most interesting reptiles : America has
Charina plumbea. Eryxjaculus is restricted to southern Europe and Persia, while in

India is found the harmless JEJryxjohnii, which the serpent-charmers so mutilate about
the short, rounded tail, as to give the animal the appearance of having a posterior

head, —a monsUer regarded with the utmost horror by the ignorant natives. In confine-

ment this Indian form constantly remains hid in the gi-avel of its cage, from which it

cannot be induced to appear, except by offering it the most tempting morsels. In its

native haunts, the treeless deserts, the animal is probably crepuscular, as its food— mice
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and small reptiles— is much more abundant at evening, or during the early morning,

than under the enormous heat of a nearly vertical sun.

We now come to those ophidians, Pythonidje, which, because of their great size,

have been known from the time of the earliest writers. Though of dimensions large

enough to satisfy the cravings of the ordinary searcher after the marvellous, they have

nevertheless been the subject for most exaggerated stories, and it is extremely diffi-

cult to find data which have not been more or less subject to the influence of imagina-

tion. The ancient writers were especially fond of magnifying the powers of these

serpents. Valerius Maximus writes : "And since we are on the subject of uncom-

mon phenomena, we may here mention the serpent so eloquently and accurately

recorded by Livy ; who says, that near the river Bagrada, in Africa, a snake was seen

of so enormous a magnitude as to prevent the army of Attilius Regulus from the use

of the river; and after snatching up several soldiers with its enormous mouth, and

devouring them, and killing several more by striking and squeezing them with the

spires of its tail, was at length destroj-ed by assailing it with all the force of military

engines and showers of stones, after it had withstood the attack of their spears and

darts : that it was regarded by the whole army as a more formidable enemy than even

Carthage itself; and that the whole adjacent region being tainted with the pestilential

effluvia proceeding from its remains, and the waters with its blood, the Roman army

was obliged to remove its station : he also adds, that the skin of the monster, measur-

ing 120 feet in length, was sent to Rome as a trophy." Krefft, alluding to this piece

of remarkable history, says ; " Snakes 10 to 14 feet long are considered very large now-

a-days, and in former ages may have kept armies at bay, but our better acquaintance

with their habits enables us to treat them with the contempt they deserve."

Not only has the size of these animals been exaggerated, but their swallowing

powers have, in some works, appeared as almost unlimited. The animals on which

the pythons ordinarily feed are seldom larger than a small dog, and though they may
seize and overpower animals as large as a goat, to swallow them " horns and all " is

absolutely impossible.

The Pythonidse, in general structure as well as in their habits, resemble the BoseidsB,

though they are all Old World forms, and have some of the labials deeply pitted, a

characteristic which at once determines them. There are skeletal characters also

which can be made use of in identification. In the boas the frontal bones are broader

than long, while the opposite holds for the jiythons. The rock-snakes, or Pythonidas,

inhabit tropical Asia, Africa, and Australia, and though accounts are not rare of their

attaining the fabulous length of forty feet, specimens by actual measurement very

rarely reach one half that length. The body is rounded ; tail prehensile ; head de-

pressed and rounded in front ; eyes of moderate size, the elliptical pupil having its

longer diameter vertical ; scales smooth, subcaudals in two rows ; some of the labials

are pitted ; teeth on the intermaxillary, maxillary, palatine, pterygoid and mandibulary

bones and none grooved ; and the adults are provided with rudimentary hind limbs,

placed each side of the vent, and called ' spurs,' These organs are supposed by the

natives to be used in fighting, though they probably have sexual functions, or may be of

use in grasping the limbs of trees as the animal swings over the surface of the water.

Pythons generally prefer those localities which border on some quiet pool, where they

lie in wait, either suspended from an overhanging limb, or hid in the luxurious vege-

tation of the ground, or possibly partly submerged in the water, waiting the arrival

of some small animal, which, as it is about to drink, the reptile seizes by the snout,
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and, after wrapping several coils of its body about it, strangles. Finally, having

crushed the larger bones, the process of deglutition is begun, which may last for sev-

eral hours ; the head invariably being the first to pass into the gullet, the body follow-

ing. As the teeth all point inwards, and the jaws are successively and alternately

pushed forward and drawn back, the prey, if not too large, is thus of necessity drawn

into the mouth. The reptile may, however, find that its food is not suitable, or it may
need to take breath, and though the prey has passed some way down the oesophagus,

it is not unfrequently disgorged, making its appearance as a most frightfully contorted

mass, covered with mucus from the alimentary tract ; its slimy appearance having un-

doubtedly given rise to the false notion that the animal covers its prey, previous to

deglutition, with saliva. For some time after the reptile has taken a large meal, it is,

either from fatigue or from the effects of so loading its stomach, extremely lazy and

inactive, being not infrequently quite indifferent to what may be going on about it.

The inactivity of menagerie specimens, however, is due rather to the enfeebling effect

of a cold climate, rather than torpor resulting from overfeeding, or gentleness from

kind treatment. It is in their native forests that these forms must be studied to be

admired. Not only are the caged animals inactive, but the purple bloom, so charafr:

teristic of the healthy animal, is invariably defective or lost ; the rough treatment to

which they are subjected, as well as a disease of the jaw,— caries,— rendering them

indifferent and unhealthy.

It is not an unusual occurrence for the female python, which exceeds the male in

size, to deposit her eggs while in confinement and watch over them with the most

zealous care. Observations have been made which prove that the eggs are actually

incubated. The mother, after arranging them in a convenient pile, coils her body,

the temperature of which is considerably above the normal, around and over them,

remaining in this position untU the eggs, at the end of about three months, are hatched.

We have here among the reptiles an undoubted instance of maternal solicitude.

Pyth<yn reticulatus has the following characteristic marking. The underlying color

is light yeUowish-brown or olive, and the head and neck is ornamented by a dark

brown line passing from the tip of the snout backwards, on each side of which are

two bands passing from the eyes to the angles of the mouth. Along the back a series

of black rings bordered with white, spotted scales gives the animal a netted appear-

ance, from which it has received its specific name, reticulatus. The netted python is

found quite abundantly in nearly all the islands of the Malay Archipelago, as well as

in Burmah and Siam, where it is called Ular Sawad.

Mr. Wallace, in his description of these islands, gives an account of a python

which illustrates the bold and independent yet helpless nature of this, or a closely

allied, mammoth serpent. It seems that during the evening, while the naturalist was
interesting himself with his books and insects, a python took up its abode in the

thatched roof directly over the bed, not making its presence known, however, until

the following afternoon, when it was finally disposed of by a native well accustomed

to its habits, though it evinced all the indignation of a regular tenant.

Python molurus, the adjiger of the Hindus, inhabits the peninsula of India as far

north as the Himmalehs and also possibly the Malay peninsula and Java. Like other

members of the family, it prefers the low moist lands in the neighborhood of water,

where it captures birds and small quadrupeds, such as fawns and rodents. It differs

from the previous species in several particulars. P. molurus has the two anterior

upper labials, and four of the lower labials, deeply dented with pits, while P. reticu-
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latus has four upper and several lower labials similarly developed. P. molurus has
its light, greyish-brown body ornamented with a dorsal row of large square spots,

below which are two lateral rows. The top of the head is ornamented with a lance-

shaped blotch, along each side of which lie a pair of dark brown lines, which pass

from the nosti-ils, through the eye, to the sides of the head, where each meets a simi-

lar streak from the lower jaw.

Python regia, the royal rock-snake, having the four anterior upper labials pitted,

Fig. 211. — Python sebce, fetich-snake.

and the lower labials broad and four in number, inhabits western Africa. It is of a

dark brown color, almost black, and has a series of light spots along the middle of the

back, and two more along the sides, beneath, the lips and chin are white. This python

is quite often seen in menageries and traveling shows. P. natalensis, the E"atal rock-

snake, is regarded with respect by the natives, believing that it has some mystic influ-

ence over their destinies. It lives on small quadrupeds, remaining quite torpid for

some time after its meal. At this time it is quite easily disposed of. P. sebm is a
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form often met with in zoological gardens, where it is known as the fetich-snake. Its

home is in the warmer parts of Africa.

In Australia there are at least six species of Pythonidse and more genera than of

any other innocuous family. The representatives are the largest ophidian inhabitants,

some reaching the length of ten feet. They are nocturnal and move during the day

only when compelled to. The genus Mordia has the rostral plate, as well as the ante-

rior three labials and the posterior infralabials, provided with deep pits. M. spilotes

is of a glossy black color, with a bright yellow spot on every scale ; the abdominal

scutes are yellow, with shades of black. This animal may be distinguished, as can the

other Australian rock-snakes, from the numerous poisonous forms inhabiting the same

country, by the large number of scale rows, there being from forty to fifty in the

pythons, while the lai-gest number known among the poisonous snakes is twenty-six.

It is a strange coincidence that while the so-called ' diamond snake ' of Australia, the

form now under consideration, is harmless, the Soplocephalus superbus, inhabiting the

neighboring island of Tasmania, and bearing the same vernacular name, is highly ven-

omous. M. spilotes has a very limited distribution in southeastern Australia, being

only found from the coast to the Blue Mountains, but is represented further west by
the following species. The individuals of this species inhabit nearly every region

that offers shelter, though stony ridges supplied with trees and well watered seem to

be their favorite localities. It is in such places that they can find young water-rats,

{Hydromys) ducks, and possibly the straying chickens of a neighboring farmer.

Though naturally unobtrusive, when irritated they bite severely. The eggs of either

this or the following species have been found. ' They were neatly piled up in a nest of

dry grass, which was concealed in a hollow log. 31. variegata, or the carpet-snake,

closely resembles the diamond in its habits and structure, though its habitat is defined

and separate. It is found in every other part of the continent except southern Vic-

toria, the region of the diamond snake. In coloring it is of a uniform greenish brown
with irregular markings ; different specimens show a great variation due to age and
locality. In their movements and general habits the carpet and diamond snakes are

similar, though the former may be somewhat the larger.

The genus Aspidiotes has the scales in fifty-two rows and reaches a length of eight

feet, and may possibly grow larger, even exceeding the Mordias in size. The species

are not well known, and only a few specimens have been captured. A. melanocephcdus

is at once recognized by its jet-black head and neck, its small scales, narrow abdominal
plates, and the absence of pits in the labials. The general color is light brown, with
darker rings above, and yellowish white below. Allied to this genus is Ziasis, the

representatives of which have some of the upper and lower labials pitted. The few
species are found in the islands of the Arafura sea. JVardoa has only the posterior

infralabial pitted. JV. gilbei-tii has a length of from three to six feet. Of its habits

little is known.

Of the family of boas, the Boidjj;, it may be said that its members are distinc-

tively New World, resembling the pythons in their habits, and in being of enormous
size, but differing from them in several structural particulars. The boas have the

body long and fusiform; the head distinct and flattened; the snout prominent; the

tail generally prehensile ; the nasal plates may be entire or divided ; the nostrils lat-

eral. The labials are generally without the pits so characteristic of the Old World
forms, many of the cephalic shields are divided, and the sub-caudals are entire.

£oa imperator, or the emperor, is found in Central America and Mexico, and may
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possibly be regarded as a northern variety of the more tropical £oa constrictor,

though the scales of the head are rather large. The general color is brownish, with a
dorsal series of quadrangular brown spots, which is separated from the smaller spots
of the flanks by a pair of light lateral lines. i>. constrictor, though properly an inhabi-

tant of Brazil, is represented in Central America by a variety, isthmica. Along the

back is a series of transverse brown bands, each connected with the marks of the
flanks by a latero-posterior isthmus, and along each side of the belly is a series of more

t^i^"^

Fig. 212.— Boa ccmstrictor.

or less broken, irregular spots of a black color. £. mexicana is allied to £. im2}erator.

£. constrictor, proper, inhabits the more tropical portions of South America, though

travelers from all parts, of the world have almost invariably described large serpents

which have come under their notice as ' Boa-constrictors,' rendering it extremely

diflicult to determine acurately what species they are describing, and bringing the

name to so general a use that it has almost lost tlie primary significance given it by

its original propounder, Linne.
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Eunectes murinus, the anaconda, is also a native of tropical America, and is repre-

sented in the engraving as in its native haunt, the low land by some pool or sluggish

stream, about to seize a ' boat-bill.' The anaconda is one of the largest representar

tives of the family, and is beautifully ornamented over a groundwork of rich brown,

by a double series of blotches along the back, and with irregular annular spots along

the sides.

"
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Fig. 213. —Xiphosoma caninum, dog-headed boa.

Xiphosoma caninum, or the dog-headed boa, inhabits Brazil, and is of a green

color with light dorsal bands. The labial plates resemble those of the pythons in being

deeply pitted.

Epicrates cenchria, the ringed boa or aboma, was at one time worshipped as a god

by the ancient Mexicans, who often offered to it human sacrifices. In its habits it is

a true member of the family, strangling its prey by winding around it fold on fold of

its ponderous body. Its general color is of a dark yellowish gray, ornamented with a

dorsal row of large brown rings, and along the sides by \ariable blotches of a dark

color, having in their centre a lighter crescentric ornament.
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A large number of the smaller serpents are united under the name Calamaeid^,

or dwarf-snakes. The members of this group are found in nearly every country of the

globe, living beneath stones and prostrate logs. Their diminutive size and nondisten-

sible neck compels them to restrict their diet to such small grubs and worms as they

can easily master and swallow ; while they are thus employing themselves they not

infrequently become the prey of some larger foraging reptile. The genus Calamaria

which is only found in the East Indies, has the labial plates reduced to four or five.

Though there are several species, they resemble each other so closely that they can be

classified only after considerable trouble. The Elapes are their particular enemies.

The genus Geophis is represented in America by four species, all of which inhabit

Mexico, where are also found the genera Ficimia, Cheilorhina, Stenorhina and Tan-

tilla. Virginia striatula is a little snake found in the south, from Virginia to Texas.

Fig. 214.— Calamaria atbiventer.

It is a modest and most inoffensive reptile ; its reddish-brown back and salmon-colored

inferior surface form a combination far too pleasing to be hid away, as it too often is,

beneath the bark of some old dead tree or log.

The genus Carphophis is very generally disti-ib'uted ; in the United States, the

species amcena, inhabiting the more eastern and northern portions, as the thunder,

ground, or worm-snake, is most familiar. In its habits it is nocturnal and sub-terres-

trial, being much more often turned up by the plough, or brought to light by the hoe,

than seen naturally on the surface. It, moreover, always seeks escape by burrowing,

rather than by flight ; indeed, the animal's motions, when out of its element, are most

awkward. In general coloration it resembles the previous species. The East Indian

Oligodorus belong to this family, and are characterized by the absence of palatine

teeth, and by their peculiar physiognomy, the head being short and blunt. Closely

resembling the Oligodorus, externally, are the members of the genus Simotes, which,
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however, have an armature of palatine teeth, and reach a considerable size. They
are known in southern Asia, as well as on the neighboring islands, from their fierce

habits.

"We now come to a large family of cosmopolitan ophidians, the Coeonellid^,

found in nearly every country, though rare in Australia. They have the body taper-

ing towards each end ; the head, which is separated from the body by a distinctly

constricted neck, depressed, short, and often obtuse ; tlie scales of the body are usu-

ally smooth, and arranged in from thirteen to twenty-three ro<vs, and in size the

magnitude of many members of the genus Coluber is not reached. Though generally

inactive, on being attacked they defend themselves with considerable energy. In

coloration, being mostly terrestrial forms, they are generally dull, though some which

Fig. 215. — Ophitolus getulus, chain-snake,

inhabit grass land, are bright-colored, and are among the most graceful, as well as

most beautiful, of ophidians.

The genus Coronella includes a number of purely terrestrial forms, inhabiting

nearly every temperate and tropical country. Coronella austriaca is very generally

distributed throughout Europe, where it is often mistaken for the viper. It has, on rare

occasions, been found in England. C. cana inhabits south Africa. C. orientalis is

described as the only representative of the genus in India, and the C. australis, or

the Australian ground-snake, has been described from a single specimen in the British

Museum. As considerable work has been done on the Australian snakes by native

naturalists, and as no second specimen has been discovered, the form must be ex-

tremely rare. It not only rejjresents the genus, but the family, in the insular

continent.

In North America, the family under consideration is represented by several
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common serpents belonging to the genera Ophibolus, Diadophis and Heterodon.

Ophibolus trianguhis, the milk-snake, is found from Canada to Virginia, and has

received, from its habit of frequenting old cellars and out-houses, while in search of

mice and small vermin, snakes and lizards, the name of house-snake ; its confidence

has been taken advantage of, however, and it has, of late, become quite uncommon.
It is a most beautiful, graceful, and active animal, and the slender body sometimes

reaches a length of four feet. The chain-snake, Ophibolus getulus, is a more southern

animal. In the south it is one of the most beautiful, as it is one of the most common,
snakes. Its body is of an intense black, ornamented by a series of narrow, white

rings, from the arrangement of which the animal has received its common name. The
negroes hold this serpent in the highest respect, and even give to it the name of

' king.' They maintain that it exercises dominion over the other reptiles, and can meet
and overcome the deadly rattler. The diet of the chain-snake is ordinarily made up of

lizards, salamanders, small birds, and mice, as well as weaker members of its own species.

Diadophis punctatus, or, as it is more popularly called, the ring or collared-snake, is

one of the most beautiful reptiles of our continent, over which it is very generally

distributed, east of the great plains. In its choice of raiment Diadophis has shown

most excellent taste, and, at the same time, good judgment. Above, a dark sage-

green, given the appearance of Highland plaid by the regularly arranged scales,

harmonizes with the shades of vegetation in which the little fellow searches for his

luncheon of bright-colored beetles and grasshoppers. He seems to know that below

he can wear a little bright color, which, being hid from above, will not attract the

attention of his enemies ; so he has decked himself in an orange waistcoat, sometimes

ornamented with a double row of black buttons, and finally finished his dandy costume

by putting on a white collar and black cravat. From its gaudy attire the ring-snake is

often selected as a jjet, and soon becomes accustomed to its new surroundings.

Having a distribution very nearly coincident with Diadophis picnctatus, though a

much less interesting animal in appearance, is the pufiing-adder, hog-nosed snake, or

sand-viper, Heterodon platyrhinos. This serpent is large and unsightly. The rostral

plate is so formed as to resemble the up-turned snout of the hog, and when surprised,

if retreat is impossible, it flattens itself out, appearing to be twice its ordinary size.

It delights in dry, sandy districts, where it sometimes remains perfectly motionless,

basking in the sun for hours at a time ; or it may partly bury itself in the loose sand,

using its peculiar snout as a spade. From its uncouth appearance this reptile is

generally considered to be extremely poisonous. It is strange that such a character

should be given to a form which is perfectly harmless, and can be induced to feign the

aggressive only after protracted ill-treatment. I have repeatedly placed my finger in

the mouth of one that seemed to be of the most ferocious disposition, but no attempt

was made to bite. Of a half dozen North American Heterodoiis, the one under con-

sideration, which inhabits the United States, east of the Mississippi, is most familiar,

though it is in part replaced, in the south, by a black variety. The females are very

prolific, as many as one hundred and eleven being born of a specimen in the

National Museum. Seterodon is also found in Madagascar, and in Chili, both being

beautiful examples of the genus. Allied is Psammophylax rhombeatus, which is

abundant in South Africa, where it is known as the schaap-sticker. It is a very

graceful and active animal, about two feet in length, and feeds on small lizards and

insects. Considerable variety of coloring is shown by specimens of unlike ages and

from different localities.
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In the family Colubkidje have been placed the greater number of non-veno-

mous ophidians which do not present any striking characters either as to their habits or

structure ; a description must therefore be general. Body of moderate length and

breadth ; head well-ijroportioned and separated from the body by a more or less con-

stricted neck; eyes and mouth of moderate size; teeth covering both jaws and palate,

and never presenting any special development ; the plates of the head are evenly

arranged, and those of the body never present any outline or structure deviating

greatly from the normal. So few prominent structural variations are presented by the

several forms, that grouping from this standpoint is difficult and, at best, unsatisfactory.

Some naturalists have endeavored to base an arrangement on habits. Yet, as many
forms are intermediate, and others unite the habits of evidently widely separated

groups, this plan is even more unsatisfactory than the first. The family is cosmopoli-

tan, its members being found in nearly every country under the tropical and temperate

sun. Australia and some of the Pacific islands, however, are not represented. North

America has a large number of forms, included in several genera, the distinctive

features of which are chiefly based on the arrangement of the cervical plates.

The introductory genus is Cydophis, which is represented by one of the most

beautiful, as it is one of the most familiar, reptiles, the green-snake, Cydophis vernalis.

This is a most gentle and harmless ophidian, allowing itself to be handled in the

roughest way, and seldom offering the least opposition. Specimens are often captured

and made pets of, living in confinement for considerable periods of time. In nature

they are found in moist meadow-lands, where they are concealed by their protective

color, and where they find an abundance of insect life well suited for their food. The
green-snake is not only found on the ground, however, but is an active climber, and

may not infrequently be seen entwined among the branches of bushes or of low trees.

The genus is represented in India by a much larger form, C. major, which sometimes

exceeds three feet in length.

Closely related to Cydophis is the genus Jlerpetodryas, representatives of which

are found in both hemispheres. They are elongated forms, adapted to an arboreal

life, their colors, shades of green and brown, being well adapted to conceal them.

JI. carinatits is found in Brazil and Surinam, and is peculiar in that it has no vertebral

row of scales, the several series of the body always being in an even number.

The genus Coluber has many interesting forms, native as well as exotic. The
Alleghanian variety of C. obsoletus, the mountain black-snake, has received considera-

ble attention, from its distribution. It was first detected in New England, along the

Connecticut valley, where it attracted attention as a black-snake having the scales

keeled, the ordinary Bascanium con,s<?-«c<or having the scales smooth, and though since

found in other eastern localities, its proper home is among the mountains of the Appala-

chian range, where it sometimes reaches a length of seven feet. In confinement its tem-

perament is quite different from that of its smooth-scaled cousin, being mild and gentle.

G. guttatus, the corn-snake, inhabits the southeastern part of the United States, and was

first described, in 1743, by Catesby, as follows : " It is all over beautifully marked with

red and white, which seems to have given it the name of corn-snake, there being some

maize or Indian corn much resembling this in color; they are robbers of hen-roosts,

otherwise they are harmless." In its habits the present form differs from the majority

of our common snakes in being crepuscular, spending the day hid away in some

crevice. In length the corn-snake sometimes reaches five feet. This form has been a

great stumbling block to herpetologists, having been described under a dozen different
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names. C. vulpinus, the fox-snake, has been captured in Massachusetts, though its

home is further west. C. quadrivittattcs, or chicken-snake, as it has been called by the

.
negroes, frequently enters the southern cabins for rats and young fowl. The body is

of a dark olive color, ornamented with four longitudinal brown bands. Of exotic

Colubers, C. coreas, of Surinam, is the largest, and C. quater-radiatus, the largest of

Europe. The ^sculapian-snake, C. cesculapii, is the most common European type.

Often they are seen in museums and menageries, where they become very tame. This

form was introduced into the mythology of the ancients, who twined it around the

staff of ^sculapius and the caduceus of Mercury, which, when thus equipped, were
supposed to be possessed of the most wonderful virtues.

The genus £ascanium is represented in North America by five species, and twice

as many varieties. The most characteristic, as well as the most familiar form, and the

common black-snake, J3. constrictor, inhabiting the United States east of the Rocky
Mountains, and its variety, vetustum, west to the Pacific, while mentovariiis extends

further south, through Mexico to Tehuantepec. The common black-snake is most

often found in the neighborhood of water, and is particularly partial to thickets

of alders, where it can hunt for toads, mice, and birds, and, being an excellent climber,

it is often seen among the branches of small trees and bushes, hunting for young birds

in the nest. While on these plundering expeditions the reptile is often followed by a

troop of small birds in the greatest flutter of excitement. The black-snake does not

always remain in unfrequented localities, however, but is often surprised in old fields,

by the roadside, and will even enter barns and seize chickens. At these times, the

rapidity with which it retreats, on being surprised, has given the animal, in some local-

ities, the name of ' racer.' As long as retreat is offered there is no resistance, though

if cornered, or during the breeding season, the usual mild temper gives place to a most

irascible disposition ; this is very characteristic of the animal when in confinement, as

it is always quarrelling and biting its fellow-prisoners, as often as the opportunity pre-

sents itself. The racer has been known to follow people, though this is more generally

from a spirit of investigation, rather than from any design on the part of the animal

to attack the object of its pursuit. Dr. Yarrow, however, knows of an instance in

which a female, with its young, on being surprised by a small girl, entwined itself

around the child's neck, biting her, meanwhile, in the face, and would probably have

strangled her, were it not for the timely arrival of assistance.

The young of this species are peculiar ; instead of being black, as is the parent,

they are of an olivaceous color, ornamented with a dorsal series of dark-edged brown

spots, with lateral rows of spots of still darker color. The head is a dark chestnut

shade, mottled with brown.

Pennant's early description of this form illustrates the tendency to exaggerate,

evinced by many old writers ; an inclination, by the way, which has not entirely passed

by. He says :
" Many ridiculous frights have happened from this innocent reptile.

As everyone in America is full of the dread of the rattle-snake, they are apt to fly at

the sight of any of the serpent kind. This jJursues, soon overtakes, and, twisting

round the legs of the fugitive, soon brings him to the ground ; but he happily receives

no hurt but what may result from the fright ; all the mischief this species does is to

the housewives, for it will skim their milk pans of the cream, and rob their hen-roosts

of all the eggs."

Closely related to the black-snake is the coach-whip snake, -S. flagelliformis, which

inhabits the south, as far west as the Mississippi, where its variety, testaceum, extends
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to the Pacific. The general form is greatly elongated, resembling in this respect some

of the Dendrophidae, as specimens are sometimes six feet in length. They are most

beautiful animals, and so fleet in their movement as to almost fly over the ground.

Though ordinarily inoffensive, on being attacked they defend themselves with vigor.

Batram, in his " Ti-avels in Carolina," speaks of once finding a hawk so wound up by

one of these serpents as to be rendered almost helpless. The name ' coach-whip ' is

not given because of the elongated body, but from the arrangement of the juxtaposed

caudal scales, which resemble a braided raw-hide whip. Catesby mentions a peculiar

belief, among the Indians, that the snake will, by a jerk of its tail, separate a man in

two parts ; and the negroes of the south, to-day believe that it can flagellate a man
to death. Ji. teniaium is found from the plains to the Pacific. "While H. constric-

tor has the scales of the back in seventeen rows, JB. teniatum has them in fifteen, and

is, moreover, ornamented with a brown dorsal band and with lateral lines of orange,

red, or yellow. The inferior surface is anteriorly spotted with brown.

The genus Spilotes is represented in North America by two species which differ

from the members of the previous genus in having the teeth equal and smooth— the

' black-snakes ' have them larger posteriorly. S. couperi inhabiting the Gulf states

and Georgia, from its enormous size, is the most interesting form. In coloring it is of

a deep black, shading into yellow on the throat. It is known by the negroes as the

indigo or gopher-snake, and, though sometimes reaching the enormous length of ten

feet, it is never molested by them, as they suppose it to be, like the 'king-snake (Ophio-

bolus getulus), a mortal enemy to the rattler.

Pityophis has the scales keeled, the nasal plate divided, and the last abdominal

plate entire. P. melanoleucus, the pine or bull-snake, is found east of the Mississippi

and south of the Ohio rivers, and it is particularly fond of the pine forests. Though

one of the largest North American serpents, it is extremely active, disappearing almost

instantly on being surprised, though this may be due to the fact that it not unfre-

quently has underground holes into which it retreats, and from the immediate vicinity

of which it seldom journeys. To obtain its prey it chooses a likely locality, and waits

in patience for some unsuspecting rabbit or squirrel to pass by. P. hellona inhabits

the west, feeding, as do many of the genus, on mice, gophers, and other small vermin,

and doing, in this way, immense benefit to the agricultural interests, as the gophers, as

well as other small rodents, are perfect pests of the western farmer. The western bull-

snake not unfrequently exceeds the length of six feet, but it is of a peaceful disposi-

tion. Captured individuals of this species have been known, even when concealed, to

attract others. It is not an unusual occurrence for the mate of a serpent which has

been killed to search for, find the body, even when it has been dragged for some dis-

tance, and remain by it apparently with a feeling of sorrow if not of revenge.

The Indian rat-snake, Ptyas mucosus, is very abundant in southern India and

Ceylon, where it often enters human dwellings while in pursuit of rats or chickens. It

is always ready, on the slightest irritation, to bite, and, as it grows to a considerable size,

often reaching seven feet in length, it gives considerable annoyance to the natives.

When angry, the rat-snake is said to produce a peculiar musical note not unlike that of

a tuning-fork. In general structure it resembles our common black-snakes.

The genus Dromiscus is common in the West Indies, South America, and Mexico.

A single species, D. flavilatus, has been found in the southeastern United States,

there being in the National Museum a single specimen from Florida, and a second

from North Carolina. D. ater is the 'gray-snake' of Jamaica, and is often seen about
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old ruins, lurking in some cranny for the approach of an unlucky lizard. If irritated,

it will dart at its adversary with all the savage vehemence of the most venomous
moccasin, and, as it strikes for the eyes, its attacks not unfrequently prove dangerous.

Zamenis includes those Old World snakes, found about the Mediterranean and in

India, which generally have the last maxillary tooth enlarged and separated from its

fellows by a short interspace. Of the genus Xenelaphis but a single species has been
described ; a few specimens, some measuring six feet in length, have been captured in

the East Indies. Philodryas viridissimus, a most beautiful example of the Colubridae,

and connecting them with the Dendrophidse, inhabits Brazil, where, because of its

slender body and beautiful gi'een color, it has received the name of emerald whip-

snake. It lives on young birds, and on such small prey as it may capture while

meandering among the branches of the tropical forests.

The members of the family DESDEOPHiDiE, or tree-snakes, are found sporting amid
the luxuriant foliage of tropical America, Asia, and to a less extent, Africa and Aus-

tralia. To adapt them for an arboreal life, the body and tail is greatly elongated, and

each ventral scute is usually provided with a pair of keels by which the animal can

the more firmly grasp the smooth branches. The genus Dendrophis includes a large

number of species, which are frequently adorned with the brightest colors, of which

green is often the prevailing tint. The head, which is distinct from the neck, is nar-

row, long, and depressed, the snout being very prominent. Two species, representing

two genera, are natives of Mexico, Leptophis mexicamcs, and Oxj/belis ceneus, which

latter species, though of small diameter, reaches a length of four feet. The Boom-
Slange, Bucephalus capensis, of South Africa, presents so much variation in its mark-

ing that several sp'ecies have been described by those unprovided with a suflBcient

number of specimens. Though the inhabitants of South Africa consider this form to

be poisonous, on dissection no venom glands have been found, though the teeth are

covered with a slimy secretion, which maybe possessed of irritating qualities. Allied

to Bucephalus is Ahcekdlaliocercus, one of the most beautiful of tree-snakes, inhabiting

Borneo, where the native children are said to often make a pet of it, the harmless

reptile coiling around their arms and bodies without their evincing the slightest alarm

and naught but pleasure. In its native haunts the animal is most active, leaping fi'om

branch to branch of the highest trees, and directing its lithe form with lightning

celerity towards any unfortunate lizard or beetle which it may chance to espy. Liv-

ing also in Borneo, as well as on neighboring islands, is the larger Goniosoma oxy-

cephalum, which reaches a length of eighty-two inches. It is said to be a most active

and ferocious animal, defending itself, when attacked, with great energy.

The tree-snakes proper are included in the genus Dendrophis, and are character-

ized by having an obtuse snout, equal teeth, and smooth vertebral scales. Dendro-

phis picta is the most common East Indian form, and, like Bucephalus, it is liable to

great variation in color. D. punctidata is a beautiful animal inhabiting Australia,

and growing to a length of five or six feet. It is of an olive-green color above, and

pale yellow below ; the shades of color, however, appear to depend on sui-roundings,

as specimens in captivity are never so brilliant as those seen gliding along the grass-

land, or swinging from branch to branch of the lofty trees. The nearness to the time

of exuviation has also considerable to do with the coloring; specimens just after the

old epidermis is shed being very brilliant. The eye of this form is large ; the teeth

small and of uniform size, and the dorsal row of scales considerably exceeds in size

those of the scales of the body. A loreal, a scale generally characteristic of this as
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well as of other innocuous ophidians, is present, and the assumed shape of the body-

when the animal is angry is compressed, instead of depressed like that of venomous

forms, of which the laterally extended neck of the JVaJa presents the best type.

It seldom attempts to bite, and can be ordinarily handled without showing any re-

sistance. The food consists of batrachians, saurians, young birds, and possibly

insects. It is probably oviparous, and is found in all but the southern portion of the

Australian continent. D. calligaster is a more northern form. It is small, not reach-

ing a length of three feet, has no loreal shield, and below is purplish-yellow.

Chrysopelea orna, because of the innumerable varieties of marking which it

presents, almost defies specific description. It is considered by Giinther to be the

most beautiful of all snakes. In its habits it is arboreal, being able to even pass

down a smooth and vertical tree-trunk. It is a widely-distributed form, inhabiting

southern Asia and the East Indian archipelago. Its food consists of geckoes and

other small saurians.

The family DEYOPHiDiE includes some of the most interesting forms of the serpent

tribe. In the genus Dryophis, not only is tlie body so slender and elongated as to

reach a length of nearly five feet, with a diameter of less than an inch, but the head

is also slender, with the muzzle projecting for some little distance as a pointed pro-

boscis. Representatives of this group are found in Asia and America, though the

most interesting form inhabits Madagascar. The Old World species have the maxil-

lary teeth grooved, while the American forms have them less spiecialized. The preva-

lent color is green, with two longitudinal white stripes along the lower side. The
longer diameter of the pupil is horizontal, a position which possibly points to the

nocturnal habits of the animal.

The most remarkable representative of the family is the langaha, DryopMs langaha
of Madagascar, which, though its body is less than thi-ee feet long, has a scaly proboscis,

often flattened into a leaf-like organ, half an inch in length. The general color of the

animal is a deep brown. Tragops prasinus, or as it is sometimes called, DryopMs
nasutus, is a beautiful grass-green animal, living in the jungles of India, and often

reaching the length of seven feet. To it has been attributed the habit of darting at

the eyes of passers-by, an action which has made it particularly disliked by the na-

tives. The snout is greatly prolonged, and provided with a movable fleshy tip.

Passerita has the snout much produced, as in langaha. That this development is

used merely as a tactile organ, such as are the tentacles of Serpeton, is questionable.

While Herpeton is semi-aquatic, and would find tentacles, which would do away with
the necessity of it protruding its tongue, a most useful acquisition, Passerita is an
ordinary tree-snake in its habits, so that its tongue can, unhindered, perform its ordinary
functions. The rostral prolongation is moreover covered with rough scales, and can
only be imperfectly sensitive. It seems that the true office of this development is to
increase the size of the opening of the mouth, as do the marginal bristles of the
mouth of some birds— for example, the night-hawks (Caprimulgidie).

The Nateicid^, which includes many of our most common snakes, unites forms so
diverse that clear definition is almost impossible. It includes serpents which may be
small or large, slender or stout ; the eyes are of medium size ; the teeth variable ; and
the scales either keeled or smooth. The several genera are well circumscribed, though
the family is difficult to define. They prefer the neighborhood of water, in which, if the
case demands it, they are expert swimmers. They differ from many other Coliibriform
snakes in their habit of beginning the process of deglutition as soon as their prey is
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seized, without first waiting for it to die. This habit has often resulted in considerable

interest to those unfamiliar with it. Not infrequently the snake can be induced, on

irritation, to disgorge a well-secured meal, which often appears as a lively frog, that

hops away with all the experience, if without the understanding, of Jonah. The habit

may also explain the almost universal belief, of which more has been said in the intro-

duction, that certain snakes swallow their young in time of danger. Since a serpent,

that had been made a meal of would live for some little time after being swallowed,

and if, in the meantime, the feasting snake were killed, the imprisoned animal would, if

liberated, crawl away with all the experience of the frog.

We will first treat one of the largest genera, and the one that is the most typical

of the family ; its members are recognized by their keeled scales, regular arrangement

of the cervical plates, and by the numerous teeth of the jaws and palate, of which the

rM^r \

Fig. 216. — Tropidonotus natrix, ' common snake ' of Europe.

anterior are shortest. The Tropidonoti are found in the neighborhood of water, as a

general rule, and, though not aquatic, are excellent swimmers, and, on being surprised,

will often choose this means of escape. Members of the genus are abundant in North

America, Europe, Asia, and a portion of Australia, as well as some of the islands of the

Eastern Archipelago, though rare in Africa and South America.

The illustration which has been selected to represent this large genus is that of

Tropidonotus natrix, a form which is abundant throughout Europe, being particularly

fond of the neighborhood of ponds and streams, into which it often voluntarily plunges,

sometimes coiling itself up and remaining at the bottom for hours at a time. With

the common people it is known as the ringed or grass-snake, and is often tamed, soon

learning to distinguish its friends. In confinement it will eat beetles, grasshoppers,

frogs, and even bread and milk. Of the dozen or more American representatives of this

genus, Tropidonotus sipedon is, perhaps, the most familiar. This snake is found in
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the vicinity of nearly every slow-running stream, brook, or pond, where- they often

startle the angler, either by their exertions to escape in the rushes or semi-aquatic

bushes, or by boldly plunging into the water, in which they also often capture their

food, which consists of frogs, toads, or fish, and, being excellent swimmers, they are

not infrequently seen in the middle of ponds, and are especially abundant about lily-pads. •

They are said to frequently take the hook, when it is baited with a worm or small min-

now, but when captured will iight like a tiger. In many portions of the south this snake

is called the water-moccasin, and is considered very poisonous. While dying, the lower

side of the body often takes on an iridescent character, the rapid changes of the

prismatic colors being particularly beautiful. Specimens over three feet in length are

rare. The Australian fresh-water-snake, T. picturatus, varies much in color, being

either gray or deep brown, with a salmon-colored abdomen, and spotted along the

sides with a double series of red dots. It resembles, in general marking, the Tropi-

dechis, a venomous form ; the two can easily be distinguished, however, as T. picturatus

has fifteen dorsal and lateral rows of scales, while Tropidechis has more than twenty.

The species under consideration has been observed to congregate in great numbers,,

during the early evening, around lagoons and water-holes, though during the day few

or none are to be seen. Of the score or more of Indian Tropidonoti, T. macroph-

thalmus is the most interesting form, for, though it is a perfectly harmless animal, it

superficially resembles the cobra so exactly as to often deceive those well acquainted

with both animals. The resemblance is further carried out in that the neck is capable

of expanding horizontally, and is provided with a larger number of scales than is the

rest of the body. This animal, inhabiting the Himmaleh mountains, offers one of the

most interesting instances of protective resemblance in the animal kingdom.

Also abounding in species, of which, in North America alone, there are about a

score, is the genus Eutcenia, to which our most familiar serpents belong. JE. saurita and

E. sirtalis, are seen by the dozens, during a country walk, of a bright summer's day,

anywhere in the more eastern portions of the United States. In general marking the

two so nearly resemble each other that they are ordinarily considered to be similar,

being popularly called striped or garter-snakes. T. saurita, however, is longer and

much more slender than T. sirtalis, and is found in more moist localities. The collector

will capture many more of these forms than of any other, except, possibly, the green-

snake. The eggs of Tropidonotus are sometimes found about out-buildings, and in

hatching give birth to little fellows having enormous eyes and a spotted body, the

longitudinal bands of the adults only being gained after several sloughings of the

skin. These cast-off skins are very abundantly found among piles of rubbish, or

under the loose bark of decaying trees. They are eagerly sought after by the great

crested fly-catcher, Myiarchus cristatus, who uses them to line her nest. Though
perfectly harmless, the garter-snakes are most offensive to handle. They exude a most
foetid odor, which so possesses the power of penetration and adhesion as to render it

quite impossible to rid one's self of it.

The genus Storeria is represented in the eastern United States by two species, both

of small size, though interesting and graceful in their habits and motions. Storeria

occipitomaculata is found throughout the Mississippi valley, and eastward, and is often

captured in New England, where it has been called the spotted-necked-snake, on
account of the three large, white, irregular blotches just back of the occipital plates.

S. deJeayi is equally abundant, and was first described, as was the previous species,

from Massachusetts specimens. It frequents meadows and grass-ground, where it
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feeds on insects, such as grasshoppers and crickets. Helieops, though a tropical

genus, is represented in Florida by Allen's Helieops, a form which, because of the

peculiar structure of the tail, stands well up, and perhaps should lead the genus.

Abastor erythrogrammus, the so-called hoop-snake, though it possesses none of the

remarkable qualities attributed to this monster of tradition, is an abundant species in

the south. Though preferring damp and marshy ground, it never voluntarily takes to

the water. Farancia abacura, inhabiting the south from the Carolinas to Texas, is a

closely related form, though it is more shy and, consequently, apparently less abundant.

It lacks the longitudinal dorsal ornamentation, and below is of a deep red color. It is

called horn-snake by the negroes.

The family of desert-snakes, Psammophid^, are chiefly inhabitants of tropical

Africa, and are not very well known. In some points of structure they resemble the

Dryophidae, though members of this latter family can always be distinguished by
their green coloration, and by their horizontally placed pupil : the desert-snakes are,

moreover, provided with a pair of long maxillary teeth. JPsammophis elegans is long

and slender, though the other members of the family are stout, and adapted for a

terrestrial life.. P. pulverulentiis is a most repulsive reptile; its undefined ornamenta-

tion, swollen lips, and large, hidden fangs, give to it, on examination, a most venomous

aspect. It is a small species, inhabiting southern Asia, and the neighboring islands.

Coelopeltis lacertina inhabits Egyjjt.

The HomalopsiDjE includes fresh-water snakes, which sometimes swim down the

rivers to the sea, and in general structure resemble the truly marine snakes, Hydrophi-

dsB, with which they have sometimes been classified. They have the nostrils so placed

upon the tip of the snout as to enable them to breathe without protruding but a small

portion of the head from the water. They prey on fish and crustaceans, often lying

in wait, their prehensile tails being entwined around some submerged branch ; in cap-

tivity, however, they generally refuse all nourishment and soon die, otherwise they

would make extremely interesting j)ets, being gentle and harmless. It is stated that

the act of parturition is jDerformed in the water, the known species being viviparous.

The most interesting form is Herpeton tentaculatum, a species which, though often

figured, is extremely rare, a single specimen having been unique for more than half a

century, and now the species is only rarely seen in herpetological collections. It

inhabits the southeastern portion of Asia, where it is occasionally found in muddy

water, its tentacles serving as organs of touch. These rostral appendages are as long

as the snout, and are covered with scales similar to those of the loreal region.

Hypsirhina is characterized by its smooth scales and united frontal plates. The

species, about six in number, are restricted in their distribution to the East Indies.

Cantor gives an interesting description of a specimen of H. enhydris, which he suc-

ceeded in keeping for a considerable time in captivity. " Members of this species may

be seen in rivers as well as in irrigated fields and estuaries, preying upon fishes, which,

however, it refuses in a state of captivity. It is of timid and peaceful habits. A
large female, after having been confined upwards of six months in a glass vessel filled

with water, brought forth eleven young ones. Shortly after the parturition she ex-

pired, under a few spasmodic movements; and also two of the young ones died in the

course of about two hours, after having, like the rest, shed the integuments. In

length they varied from six inches to six and two eighths. The living nine presented a

most singular appearance ; they remained a little way below the surface of the water,

coiling themselves round the body of an adult male which was also kept in the vessel,
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occasionally lifting their heads above the surface to breathe, at the same time resisting

the efforts of the senior to free himself. Fishes and aquatic insects were refused, in

consequence of which the young ones expired from inanition in the course of two

months."

The family Rachiodontid^ is represented in Africa and possibly in Asia. Dasy-

pettis inomatus is frequently found under th« bark of trees in the southeastern

portions of Africa and presents one of the most interesting examjjles of adaptation for

a special end. The Rachiodon has a general structure which enables it to lead an arbo-

real life, searching among the branches of the tropical trees for birds' eggs, and that

the contents of the egg may not be prematurely freed while it is yet in the mouth,

teeth are absent except in the angle of the jaws where they cannot reach the shell.

When the egg reaches the oesophagus it comes in contact with a row of " vertebral

teeth," formed by the specialized inferior spinous processes of the first seven or eight

cervical vertebrae, which are elongated and covered with enamel ; by contraction of

the muscles of the throat, these saw through the egg, the contents passing on to the

stomach, while the limey shell is quickly ejected. Elachiatodon westermanni is the

Indian form. Though provided with the same peculiar vertebral teeth it is probably

a member of another family.

The DiPSADiD^, or night tree-snakes, includes a large number of serpents inhabit-

ing the tropical regions generally, having an elongated compressed body, broad and

triangular head, and with the posterior maxillary teeth grooved. In the New World
a single species passes north of Mexico into Arizona and Texas, though other repre-

sentatives are quite abundant further south, the genus JLeptognuthus reaching the

Argentine Republic. Dipsas is found in Mexico and Brazil, as well as in India,

Africa, and Australia. It is from a most strange and ancient belief that the genus

has been thus named. Dipsas, which is derived from a Greek word meaning thirst,

was given to this harmless reptile from the belief that the animal was possessed of a

most insatiable thirst, to alleviate which it would often coil itself in the valuable

springs of the deserts, polluting their water and imparting to their victim, should

they sting the unfortunate traveler, an eternal thirst which could only be quenched by
death.

Dipsas dendrophila is of large size, sometimes measuring seven feet in length. It is

of a deep black color with numerous yellow cross-bars, which in some specimens are

reduced to lateral spots. The lower portions are usually yellow, marbled with black.

The species properly belongs to the East Indian archipelago, though it is occasionally

found on the mainland about the Malay peninsula. Of the Indian Dipsades proper

it is worthy of note that they capture only warm-blooded animals, some being exclu-

sively bird and others mammalian feeders. A single species, D. ficscus, inhabits

Australia, and a closely related form is found on the island of New Guinea. Though
the posterior maxillary tooth is long and grooved, the bite is not the least dangerous.

Being nocturnal in their habits, they are not so abundant in collections as are their

diurnal cousins the Dendrophidse, though specimens have been taken all along the

eastern coast, where, coiled up in the branches of some tree, they await the approach

of night, when they sally forth to search for birds' eggs, insects, frogs, and the

smaller Mammalia. In captivity they are said to be gentle, allowing themselves to be

freely handled without evincing the slightest inclination to resist.

The blunt-head or Amblycephalus boa of Java, Borneo, and the neighboring

islands, though classified among the Dipsadidse, is an aberrant form ; the head has
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been compared with that of a dog, which animal it further resembles in its habit of

snapping at whatever disturbs it. It often secretes itself in the thatched roofs of huts,

where it finds a large assemblage of insects. The genus Pareas includes a few species

inhabiting Java, and neighboring islands, which have the palatine and mandibular

teeth gradually increasing in length from behind forwards.

The members of the family Scytalid^ are closely related with those of Dipsar

didse. But three genera are known. Oxyrhopus cloelia and doliatus are found in

Mexico, Hologerrhum inhabits the Philippines, and Scytale South America.

The family of Ltcodontipje embraces a number of snakes of moderate length,

with small eyes and generally vertical pupil. The shields of the head present nothing

extraordinary ; the dentition alone being prominently characteristic. The maxillary

armament has anteriorly a pair of elongated teeth.

Fig. 217.— Scytale caronata.

From the peculiar shape of the pupil of this family it would seem that the mem-
bers are nocturnal, yet this is not the case with most, as they feed almost exclusively

on skinks, which can only be captured during the day. Some African Lycodonts are,

however, nocturnal, feeding on mice.

The genus Lycodon includes some of the most common snakes of India, L. atcli-

cus being perhaps the most abundant. The fangs in the front of the jaws admirably

adapt this animal for seizing and retaining the small hard-skinned saurians which

form almost its only food. It is a small animal of only about two feet in length.

The highest family of colubriform ophidians is made up of the wart-snakes, Aceo-

CHOEDiD^, which are disposed in three genera. Acrochordusjavanicus has the body

covered with small, wart-like, tubercular or spiny scales, no shields on the head, and no

specialized ventral scutes ; the tail is short and prehensile ; the nostrils close together

and at the tip of the snout. It is viviparous, as are the other members of the family,
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as many as twenty-seven young being bom at a time. Very few of these animals have

ever been taken, though they are occasionally seen on the island of Java at Penang

or Singapore. The savage appearance presented by its sullen eyes, swollen jaws, and

short, thick body, is not such as would court a more intimate acquaintance. Allied

to the preceding and also inhabiting the East Indies is Chersydrus granulatus,

which has the hinder part of the body and tail slightly compressed, and its lateral sur-

face increased by an inferior fold of skin along the abdomen and tail. The scales are
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Acrocltordusjavanicus^ wart-suake.

unprovided with the tubercles and spines of the previous genera, though both forms

are alike in having no ventral scutes. This, as might be inferred from its structure, is

a purely aquatic reptile, resembling in its habits the Hydrophidse, though it lacks the

prolonged processes of the caudal vertebrse, and its bite is perfectly harmless. C.

granulatus is found along the shores of the Eastern archipelago, New Guinea, and the

Philippines, as well as on the east coast of the Indies, sometimes being found several
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miles from land. JLenodermus differs from the other, the two already mentioned

Arcrochordidsa in having weU-developed ventral shields, and sub-caudal scales. It

inhabits Java.

Sub-Oedeb III.— Pkoteeoglypha.

We now come to the snakes provided with poison-fangs ; they have been divided

into two groups, viz., those with permanently erect fangs, Proteroglypha, and those

having fangs which can be erected or depressed at will, Solenoglypha.

In the first group, behind the erect grooved fangs is the usual armament of maxil-

lary, palatine, pterygoid, and mandibular teeth, and the general form and external

armature of the body generally resembles that of the Colubriformia. There are two

families, the distinction being based on the general shape and structure of the tail.

The family Elapid^e has the body cylindrical ; the tail fusiform ; the head with the

usual armament of shields, though the loreal, with the exception of a single species,

is always absent. The eye is small and has a round pupil, and the nostrils are placed

laterally, while in the succeeding family they are, except in Platurus, placed dorsally on

the tip of the snout. The fang is not only perforated by an internal canal which con-

ducts the venom from the specialized salivary gland to the slit^like opening in the

distal extremity, but along the front is a permanent groove. Jlembers of the family

inhabit all the tropical countries as well as, and especially, Australia, and are generally

regarded with considerable fear by the natives.

The introductory species is the cobra of India, or, as it is known to science, the

JVaja tri2'>udians, and is the most familiar, as it is the most dreaded, of the serpent

tribe. Though Ophiophagus, of the same country, is the most venomous of ophidians,

the naja is more abundant, and, being extremely poisonous— it being estimated that the

annual mortality in the Indian peninsula, from its bite, is over 5000— is more feared

than any other reptile. Though several varieties of this dangerous animal exist, there

is in India but a single species, which is also found throughout the islands of the Malay

archipelago. While hunting for its food, of small reptiles, frogs, and fishes, it may
climb to the roofs of huts, among the limbs of trees, or even enter the water, where

it is an expert sv\'immer, being sometimes found at a considerable distance from land.

It is often nocturnal in its habits, and is ovoviviparous. Its natural enemies are

jungle-fowl, which devour the young, and the ichneumons Herpestes, which will over-

power the largest adults.

The cobra-da-capello, being the most common venomous reptile of India, an object

of curiosity to the Europeans, the sole source of subsistence of innumerable vagrant snake-

charmers, and an object of intense interest to naturalists, has probably received more

attention than any other ophidian, not excepting the rattle-snake. Those bitten by

the animal seldom escape death, and, of the few that do, many are subject to periodic

returns of the most excruciating pain. Ordinarily, on being attacked, if no antidote

is administered, the poison almost instantaneously affects the whole system. The

reptiles seem to be well aware of the fatal power possessed by themselves as well as

by their fellows, for while, in confinement, tliey will attack and kill any snake of a

different kind that may be presented, for their own species they evince the greatest

respect, though, when several are closely confined in the same apartment, trouble may

occur. They soon become accustomed to menagerie life, and often live to an old age.

When thus confined, the animal, during the day, is lazy and inactive, seldom stirring
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except when irritated, or to occasionally drink ; at night it is active and restless. The
front c(f the glass cage containing these animals at the Zoological Gardens in London
has to he painted, that the serpents may not kill themselves by striking against the

otherwise invisible obstacle when irritated by visitors.

In its general form the Naja differs from other snakes, excepting the related

Ophiophagus, the superficially similar Tropidonotus macrothalmus, and a few Austra-

lian forms, in possessing a dilatable neck, the ribs of which are greatly elongated and

flattened. The reptile, when excited, is capable of expanding the neck to a width

several times exceeding that of the head, the cervical scales being much more numer-

ous across the back of the thus formed 'hood,' as the expanded portion is called,

than they are further down the body. The hood, in the ordinary form, is ornamented

with a pair of dark spots on its npper side, which, being connected by a cross-bar, bear

a strong resemblance to a pair of spectacles, from which fact the animal is not infre-

quently known as the spectacle-snake. The explanation of the origin of this orna-

ment as given by the superstitious Buddhists, who always treat the reptile with the

greatest reverence and behold its maltreatment with horror, is that Buddha, weary
with his labors, was lying asleej) in the direct rays of the sun, when, seeing which, a

cobra so elevated himself and expanded his hood as to shield the deity. On waking
up, Buddha was so pleased with the act that he promised to repay the considerate rep-

tile, which promise, however, he soon forgot. It seems that at this time a kite preyed
on the cobras, and to such an extent that a total extinction of the race seemed inevit-

able ; in despair, and as a last resort, the cobra ventured to remind the god of his

promise, and begged protection from the enemy of his race. Buddha then placed the

black marks on his hood, which so surprised and frightened the kites as to render the

cobras forever free from their attacks. This attributed act of protection has so in-

fluenced the ignorant natives that they do not dare protect themselves from an animal
which is yearly killing off thousands of their race.

The fangs of the Naja are long and grooved, having the foramen at their extrem-
ity so situated that the slightest scratch will prove inoculative. Behind the fangs
are a few ordinary teeth. In coloring the reptile varies greatly ; it may be of a uni-

form brownish-olive above, with white, black-edged 'spectacles;' uniform dark brown
with black spectacles ; blackish-brown with a pair of white spots in place of the spec-

tacles, or it may even have no marking on the neck whatever ; or a uniform black,

with a single white ornamental spot, and white or black below. These differences in
coloration and ornamentation belong to a single species, which, as Gunther says, " is

only too common all over the continent of the Indian region."

The only relatives of this animal are the JSTaja sputatrix, a black, unornamented
form, and the asp {Naja haje) of the Egyptian divinities, an animal found in northern
Africa, and called by the residents Spurge-schlange, because of the peculiar habit
attributed to it of forcibly ejecting its venom, which may often reach the object of
the serpent's anger, though it be some little distance away. Mr. Gumming, the Afri-
can explorer, speaks of suffering great pain from the poison which one spat in his eye.
That this is an ordinary habit of the snake is rather doubted by some naturalists.

The asp is described as being generally slow in its movements, though, when irritated,

it flies at its adversary, defending itself with great energy. It is a good climber, and
quite often is seen in the water, where it is perfectly at home, which habits are those
of the cobra, an animal which it resembles also in coloration and size.

Of snake-charming, of snake-chai-mers, and of Indian jugglery, a volume might be
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written. It seems certain that cobras of the most poisonous nature are handled with

impunity by itinerant jugglers, and it is also a fact that not uncommonly the l-eptiles

are rendered harmless by having their fangs extracted. So-called jugglers have been

known to capture cobras while they were in their native retreats, and have not been

injured, while others, more unfortunate, have been bitten and only saved from death

by the prompt administration of some plant, or, to thera, charmed stone. The truth

about the matter seems to lie in the fact that the cobra, like many innocent snakes,

Fig. 219.— Opliiopltagus elaps.

will permit itself to be handled in the roughest manner, provided no sign of fear is

shown by the person so performing. Perfect confidence and conscious ability will

work wonders. It is a peculiar fact, and one that has been paralleled in several Amer-

ican serpents, that when a cobra is destroyed, its companion will soon appear. Pliny,

in speaking of this trait, says that between the male and female an affection exists,

and if one is killed the other endeavors to avenge its death.

Ophiophagus elaps, though being provided with an expansion of the neck similar







SERPENTS. 379

to that of the cobra, has also around the occipitals three pairs of very large shields,

-which are characteristic of the genus ; it is further peculiar in having a single small

tooth behind the fang. We are now dealing with the most deadly of animals, a form,

the bite of which will produce the death of a human being in three minutes, and that

of an elephant in two hours. Were it as abundant as the cobra it would soon depopu-

late the country, but the Ophiophagus is a rare snake, though of wide geographical

range. It has been captured in India, Java, Sumatra, Borneo, and other neighboring

islands, and is not only the most deadly, but the largest of venomous, colubriform

ophidians, specimens having been known to reach the length of fifteen feet. A speci-

men from India, exhibited before the Linnean Society of New South Wales, measured

14'2 inches in length. As its name implies, the Ophiophagus lives on other snakes,

which, as it is very strong and active, as well as possessing such virulent qualities, it

has little trouble in overpowering. It is often arboreal in its habits, spending a por-

tion of its time hid away in the hollows of decayed trees. It presents as great a

diversity of color arrangement as does the cobra.

The genus Diemenia includes several Australian forms which have fifteen or

seventeen rows of smooth scales; the fangs provided with anterior grooves, and

followed, posteriorly, by a series of smaller teeth. A few of the forms, when adult,

are very dangerous. The gray-snake, D. reticulata, reaches a length of thirty inches,

and is uniformly gray above and greenish below, the underlying skin being black.

The eye has two circles, one of black and the other of yellow, surrounding it. Mem-
bers of the genus are very abundant throughout the Australian continent, with the

exception of the extreme north and south, and offer an excellent illustration of the

little value that can be placed upon color as a distinguishing character among reptiles.

A snake, after shedding its skin, has a much different color from that before exuvia-

tion. The gray-snake frequents sandy plains, where it captures small reptiles, and

where it also deposits its eggs, sometimes to the number of twenty. It is ordinarily

between two and three feet in length, and though some of its congeners are poisonous

its bite is said to cause but little irritation. During the cold season, as the gray-snakes

are extremely susceptible to frost, they retire, sometimes several together, beneath

flat stones, which are daily warmed by the sun, and there remain semi-torpid, often for

several weeks at a time. D. superciliosa is nearly double the size of the gray-snake,

with which it is very generally distributed, though it prefers more rocky localities,

where, not infrequently, it proves a dangerous animal. Though the adults retire into

the ground during the cold season, the young are found, as are those of many other

snakes, under stones and logs throughout the year.

The north Australian J'seudonaja nuchalis has the smooth scales arranged in seven-

teen rows, along the back and sides, while on the non-distensible neck there are two or

four more. Behind the fangs there is a series of five or six small teeth. The general

color of this rare animal, which sometimes reaches the length of nearly six feet, is

brown or blackish-olive, with darker cross-bars, of which the first is of the most intense

shade, being in some old forms, the only persistent ornament.

We now come to the genus Elaps which, though represented in Africa, South

America, and the East Indies by many species, in North America there is but one,

which, however, has several varieties. The Elapides are characterized by having

the head rounded and depressed, and not separated fronj the body by a distinct neck

;

the muzzle is short and broad ; the fangs stand alone in the upper jaw ; the scales are

smooth, and so colored as to form bands of the brightest shades of black, red, or yellow,
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from reference to the arrangement of wMch the several North American species
can be determined. SJlaps fidvus, the harlequin-snake, or 'viper,' has the first broad
ring behind the occiput black, and all subsequent rings separate, and not united into

gi-oups. The head and tail are ringed with black and yellow, while the body combines
with these colors a most deep and intense red, the yellow serving as a narrow border
for the black. Its habitat is the southern United States and Mexico, though the
species is continued still further south by varieties, of which there have several been
recognized.

The harlequin-snake is often found below ground, and especially in sweet-potato

Fig. 220.

—

Elaps corallina, coral-snake.

fields, where they are frequently dug up by the laborers. From their ordinary mild

disposition they are considered by most people as perfectly harmless, a strange fact

when we consider the habits of its more southern congener, .E*. lemniscatus, a most

dreaded reptile of Brazil. £J. euryxanthus, the Sonora harlequin, has the first hood-

ring behind the head of a deep red color ; it inhabits the Sonoran region, or that

portion of south-westei-n United States and northern Mexico which includes a part of

Nevada, New Mexico, Arizona, and Sonora in Mexico. E. laticollaris is found in the

neighborhood of Pueblo, Mexico, and is characterized by having the black rings

arranged in groups of threes, and the occipital band yellow. E. elegans and decoratus

also inhabit Mexico ; the first has the occipital band black, while decoratus has it red.
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It should be borne in mind that there are perfectly harmless snakes that have the

general coloration of the .Elapides, though belonging to the previous sub-order. By
those unfamiliar with their nature these harmless forms are also called harlequins.

Allied to the harlequin-snakes is the genus Bungarus, the several species of which

inhabit India. The generic title is a so-called Latin form of the vernacular name,

bungarum. The representatives are terrestrial forms, living chiefly on small mammals

and reptiles, for which they are continually searching during the day, though they

avoid the du-ect rays of the sun. They are shy, and invariably seek a retreat on being

surprised, though they are active on being attacked, defending themselves with great

Fig. m.—Bwngarus faseiarus, bungarum.

vigor. Their bite is extremely dangerous, though the degree of its virulence depends
on the age of the reptile, as well as on the size and position of the wound. As the
fangs are short, the abrasion can generally be excised or cauterized, which should
always be done immediately, though the dangerous symptoms are not likely to show
themselves until the lapse of considerable time. The largest Bungarus reaches a

length of four feet, and inhabits Java,, the Malay Peninsula, Penang, and portions of

China. It is known in science as B. fasciatus, and much resembles B. ceylonicus,

which is abundantly found in the island from which it receives its specific name.
From the stomach of this Ceylon speeies, specimens of Uropeltis have been taken.

Soplocephalus includes nearly twice as many species as any other Australian genus.
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The several representatives are viviparous ; liave their scales smooth and aiTanged

in from fifteen to twenty-one rows ; the head not separated from the neck ; and the

sub-caudal scales entire. IT. curtis, the brown-banded snake, is the most dangerous

Australian reptile, its bite being known to kill an animal the size of a goat in about

an hour's time. There is a peculiar fact worthy of mention in regard to this animal.

Though its bite proves so immediately fatal to animals generally, to itself or to any
other highly venomous serpent the poison has no effect. If the reptile could be
poisoned by its own venom, the slightest scar in its mouth would soon become inocu-

lated, and death would result, the animal soon becoming extinct. Experiments of a

similar nature on other venomous -snakes would reveal many interesting facts. The
brown-banded snake is very widely distributed over Australia and the neighboring

islands, and sometimes grows to be of considerable size, specimens five or six feet in

length being sometimes captured. The coloring is variable, ranging from gray to

black and with or without distinct bands ; the abdomen is ordinarily of a yellow color.

The younger forms have the bands much more distinct than the adults, and the Tas-

manian specimens have the belly spotted or clouded with gray. Thirty or even more

young are brought forth in a season by a single pair, the young presenting as much
variety of marking among themselves as do the adults. At the beginning of cold

weather all retire into the ground, from which they do not emerge until, the tempera-

ture is once more suitable. This reptile, together with other large and venomous

Australian snakes, has the peculiar habit, when excited or irritated, of raising the ante-

rior portion of its body and spreading its neck, thus assuming the appearance of the

cobra of India. Other species which have this habit are S. superbus ; the black-

snake, Pseiidechis porphyriaciis ; and the orange-bellied snake JP. australis.

The large-scaled snake, Hoplocephalus sxiperbus, is easily distinguished from its

congener, H. curtis, the only form which equals it in size, by the shape of the middle

cervical plate, which is oblong, that of the jjrevious species being almost square. The

present species, moreover, has the scales of the back and sides in a less number of rows,

there being but fifteen, while H. curtis may have even nineteen. Specimens have

been captured which had markings on the back of the distensible neck which strongly

resembled those of the cobra, though ordinarily the snake is unornamented, being of a

plain copjjer color. Like the previous species, the large-scaled snake prefers marshy

localities, frequenting extensive reedy swamps or river banks, where it captures frogs,

lizards, and small mammals. It inhabits Tasmania, as well as southern Australia, on

the island being known as the diamond snake, a fact that has been mentioned in con-

nection with the Australian ' diamond,' Morelia spilotes. H. variegatus is extremely

limited in its distribution, being only found in the immediate neighborhood of Sydney

where it is known as the broad-headed snake and reaches a length of three feet.

Being a nocturnal form, it is, though abundant, seldom met with by the collector,

except under flat stones, where they hybernate during the cold season. It frequents the

open scrubby country and is also quite abundant along the coast line of the south-east.

Its poison is not of a sufficiently virulent character to produce any serious results to

larger animals. Mr. Gerard Krefft, who has done more to elucidate the study of the

Australian reptiles than any other naturalist, says :
" If a jjerson be bitten by one of

them, the simple act of sucking the wound is sufficient to avert any unpleasant sensa-

tion ; but should nothing be done, a violent headache, a certain stiffness in the spine,

and some local swelling is generally the consequence. It takes from thirty minutes

to an hour before these symptoms set in." Closely resembling this species, but differ-
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ing from it in having the ventrals deeply cut out on each side, is IT. stephensii, which

inhabits the neighborhood of Hastings Eiver. IT. coronoides is peculiar to Tasma^

nia. H. nigrescens is unique in having the tongue vrhite. Though first only found

around Port Jackson, it has since been obtained from points along the coast further

north. It is closely allied to Vermicella, like which ophidian it allows itself to be

handled without offering resistance.

Tropidechis carinata resembles in many points the members of the previous genus,

but has the scales keeled, which peculiarity, with others, gives it the appearance of

some harmless Tropidonotus picturatus, from which animal, however, it can be easily

separated by counting the number of rows of scales, the venomous snake having

twenty-three rows, while Tropidonotus has only fifteen.

Fig. 222.— Callophis macellandi and C. annularis.

It has been noticed that venomous snakes often have the temporal shield inserted

between the two last upper labials ; this arrangement is illustrated by the genus just

treated.

The genus JPseudecMs has the scales arranged in seventeen rows, the anterior sub-

caudals entire, while the hinder ones are generally divided ; behind the grooved fangs

are smaller simple teeth. The first species, P. porpliyriacim, a black snake, grows to a

length of six feet and is the most common Australian venomous snake, and was first

classified with the cobras by the early writers, being, as already said, one of those

ophidians which on irritation expand the skin of the neck. It is fond of moist locali-

ties, and is quite active when in the water, where it catches frogs, insects, and small

mammals ; as many as sixteen young water-rats {Hydromys leucogaster) have been

taken from its stomach. The bite is extremely venomous, soon producing the death

of a fair-sized animal. It is found all over Australia, but has never been captured in

Tasmania.
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The Callophides are claaracterized by the small number of scale rows, there being
only thirteen, and by the grooved maxillary fang standing alone. The several species

are very similar to one another. The head is of moderate length, and "not separate

from the body ; the cleft of the mouth is but little extensible, and the scales of the

body are smooth and polished. The genus is restricted to British India, and the

members are more abundant on the continent than in the Archipelago. They repre-

sent the American Elaps, the African Homorelaps, and the Australian Vermicella.

They are thus terrestrial forms, jDreferring the hilly countries to plains, and are of

slow and sluggish movement. In their general form they closely resemble the abun-

dant Calamaridae, on the members of which genus they chiefly feed ; the venomous
reptile being able to overpower the non-venomous. It is a strange fact that the dis-

tribution of these two genera is over the same geographical area, and, though both are

abundant in India, a specimen of neither genus has ever been found in Ceylon. The
sight and hearing of Callophis is extremely defective, making it an easy matter for

the collector to secure them. Though they can only be induced to bite after consider-

able agitation, they are nevertheless very jDoisonous, and the greatest caution is neces-

sary in collecting or handling them. Animals inoculated with the venom have died

in from one to two hours, though the small fangs and scanty supply of poison renders

it -quite easy, ua case of accident, to prevent any fatal results, provided only that the

proper remedies are at hand.

One of the most beautiful of Australian opliidians is the scarlet-spotted snake J3rci-

chysoma diadema. Its general color is brown, each scale having a yellow spot in its cen-

tre, and the neck, which is distinctly constricted, is surrounded by a bright scarlet collar.

While the scales of this species are disposed in fifteen rows, those of _Z?. triste are in

seventeen. The genus Vermicella has the head like Elaps^ and a pair of minute

grooved fangs, without any other teeth in the upper jaw. These characteristics con-

nect it, as well as allied Australian forms, more intimately with the Elapides of the

western than of the eastern hemisphere. V. annulata is called by the native collectors

the black-and-white ringed-snake, and inhabits nearly every part of the insular conti-

nent. It is at once recognized by the alternate black and white rings, which encircle

the body, and by its jJeculiar dentition.

The arrow-headed Dendraspis, Dendraspis angusticeps, is an inhabitant of South

Africa, and is quite abundant at iSTatal. It is long, sometimes reaching six feet, slen-

der, very active, and a good climber. Its color is olive brown, with green above and

a paler shade below. Much different in form is the death-adder of Australia, known
to science as AcanthopJiis antarctica. Its popular name is most characteristic, as it

is a very dangerous reptile, being provided with long immovable fangs, and possessing

venom of a most dangerous character, though not so virulent as that of the cobras or

rattle-snakes. A frog severely bitten by a large death-adder has been known to live

more than twelve hours. The peculiar tail, the terminal portion of which is com-

pressed, and covered with enlarged scales, the last being formed like a thorn, though

it only becomes hard in old individuals, is neither an instrument of offence or defence,

though the natives suppose it to be a most effective instrument of death. It is from

this peculiar appendage that the generic name has been given.

The genus Denisonia is peculiar in having— though it is a poisonous snake— a

loreal shield, an ornament which is usually characteristic of innocuous ophidians. It

is a rare snake, of only ordinary size, inhabiting Queensland.

The family Hydeophid^, or sea-snakes, includes a group of highly speciaUzed
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ophidians. The elongated body, though sub-cylindrical anteriorly, is posteriorly com-

pressed, the tail often being shaped like a broad paddle. To bring about this struc-

ture, the caudal vertebr£e are compressed, and their vertical processes elongated. The

head is rather ' indistinct ' in most of the forms, and bears the valvular nostrils, ex-

cept in Platurus, on the upper side ; the eyes are small, with a round pupil ; there is

no loreal plate, and the general scutellation of the head is regular ; the body scales

are small, and may be keeled or tuberculate ; the fangs are of ordinary size, erect and

grooved, and followed by other teeth of simple structure. The members of the

family inhabit the tropical portions of the Indian and Pacific oceans, and sometimes

enter fresh water. All are purely aquatic, spending their whole life in the water, out

of which they aj)pear to be blind and soon die {Platurus may be an exception to this

statement, as it offers many structural characters opposed to the other Hydrophidse).

In their general form the sea-snakes are most admirably adapted for their aquatic life.

The compressed body and paddle-like tail not only point to this, but the belly is not

rounded as in other ophidians, but sharp, like that of a herring. The ventral scutes,

moreover, not being of value for aquatic locomotion, are not Sf)ecialized, oi-, if so, only

in a mild degree. The tail, though shaped like that of a fish, is at the same time \>ve-

hensile, enabling the animal to rest by winding it about some half-submerged root or

piece of coral. The nostrils are so provided with valves, that when the enormous

lungs have been inflated, they can be tightly closed, and the animal, with its supjaly of

air, can either dive below the surface or rest motionless, being buoyed up by having

its specific gravity thus diminished. The position of the nostrils is such as to enable

them to breathe without protruding more than the tip of the snout from the water.

The armament of scales has been seized upon by the naturalist as offering a means of

classifying the several species. While a few have the scales imbricated, like those of

terrestrial serpents, the majority have them merely juxtaposed, and often lose their

horny covering and become tubei-eular and soft. The shields of the head (exceiDt in

JPlaturus, which form is generally exceptional), are so changed as to often lose all

resemblance to those of ordinary ophidians. In shedding their epidermis, the sea-

snakes resemble the lizards, only a small portion being exuviated at a time. The eye

of the sea-snake is so weak that, when the animal is taken from the water, all its at-

tempts to strike prove ineffectual. The mouth is so closed by a development of the

rostral plate, as to ordinarily prevent the entrance of water, though in some forms there

are two small openings for the extrusion of the bifui'cated tongue. The family pos-

sess poison of the most intense virulence, by which they obtain their food, which
consists exclusively of fishes. These they seize and sting, the poison affecting the

unfortunate animal so that it almost instantly dies, and in a relaxed condition, so that

the serpent, in swallowing them, as it does, head first, has no inconvenience from the

otherwise erect and rigid spines and barbs with which many pelagic fishes are armed.

Though naturally shy, the sea-snake will, when attacked in its native element, dart

at the intruder with all the vigor of the indignant terrestrial forms ; but when drawn
up in nets they are apparently helpless, the fishermen picking them up and throwing
them back into the water with the most surprising unconcern. Many experiments
have been made to keep the sea-snakes in aquaria, but they invariably die in a few
days. All the forms are viviparous, the young, sometimes to the number of nine, being

active swimmers from the first. The adult males may be easily distinguished from
the females, as they have on each side of the tail an area which seems to be consider-

ably swollen. The natural enemies of the searsnakes are the eagle-rays and rapacious

VOL. III. — 25
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sharks. SpecimeHS of eight feet in length are common, while there is a single in-

stance of one measuring twelve feet,— far too small, it will be seen, for the sea-serpent

of the newspaper.

The genus Platui-us, though found upon the high seas, has so many points of struc-

ture in common with the terrestrial, as well as at variance with the marine, serpents,

that its position is that of a connecting form uniting the Elapidse with the Hydroph-
idse. The sub-cylindrical body, the smooth, imbricate scales, the well-developed ven-

tral scutes, the divided sub-caudals, as well as the general physiognomy,— the cleft

of the mouth being horizontal, while other sea-snakes have it turned up posteriorly—
are characters which answer equally well for the members of the previous family.

The scutellation of the head is quite regular ; there are two pairs of frontals, seven

labials, no loreal, and the nostril is lateral, a position unique in Hydrophidee, and

pointing to a partly terrestrial life, though positive information as to this habit has

not been obtained. The poison fang is small and generally stands alone, though occa^

sionally a small tooth can be found some little distance back. Platurus scuiatus

inhabits the Indian seas from southern India and China to New Zealand. It some-

times reaches a length of "five feet. PJischeri is a smaller form, having a geographi-

cal range of less extent, and is not found on the southern shores of Australia, though

it extends further east, having been observed near the Xew Hebrides.

The genus Aipysurus is found around Australia and the neighboring islands. It

has the body compressed, the cervical scales divided, the nostrils opening superiorly,

and each surrounded by a nasal plate. The scales are of moderate size and may be

either smooth or tuberculate ; the ventral scutfs are well developed and have a longi-

tudinal median ridge ; the sub-caudals are undivided. A. anguiUeeformis inhabits the

Javan seas and reaches a length of two feet. The upper parts are brownish, orna-

mented with cross-bars of yellow, and the tail is terminated by a large shield-like

scale. A. Icevis has the terminal scale ver}- large, and is of a uniform brown color,

inhabiting the seas around !New Caledonia and ISTew Guinea, Avhere it sometimes

reaches the length of five feet. Emydocephalus inhabits the Australian seas and is

characterized by having the ventral shields large, and with only a slight median ridge,

the labials are reduced to six, and the imbricate scales are tuberculate. The tail ends

in two large denticulated scales. The tortoise-headed ringed sea-snake, Emydocepha-

lus anmdatus, reaches a length of thirty inches. The head is covered with rounded

plates, and the body is encircled by thirty-five black and as many more white rings.

JE. tuhercidatus, the tortoise-headed brown sea-sn.ake, is about the same size as its con-

gener, but differs from it in having a longer head, larger and more tuberculated scales,

and in being of a uniform purplish brown color, mottled with lighter spots along the

sides. Of Disteira but a single specimen has been taken, the locality of which is

unknown. It has the nasal shields separated by the frontals ; and the ventral shields,

though narrow, are distinct. A. calyptus is also an extremely rare ophidian, inhabit-

ing the southwest Pacific ; only two specimens are known. In length it measures

about two feet.

Much different is the distribution and abundance of Sydrophis, a genus character-

ized by having the head of moderate length and well provided with shields, and the

lower jaw without an anterior notch. There are enumerated of this genus as many

as thirty-five species which are easily determined by reference to their general form

and armament, the shape of the head, and the arrangement of the cervical plates.

Hydrophis cyanocincta, the form selected for illustrating the genus, is popularly
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known as the chittul, and is characterized by having the scales faintly keeled, the ven-

trals broad, and the terminal scale of moderate size. . Its color is greenish olive above,

shading into yellow below, and decorated with from fifty to seventy-five black cross-

bars, which in young specimens surround the body, though the adults generally have

the ventral portions obsolete. It is one of the most common sea-snakes, being found

south and east of Asia, and among the islands of the archipelago. It reaches a

Fig. 223.

—

Hydropliis cyanocmcta, chittul, sea-snake.

length of six feet. H. stokesii is also a large form, an old female having been known
to reach the length of sixty-one inches, and a height of four and a half. It is an
abundant snake on the northern shores of Australia, though its more extended distri-

bution is uncertain. The adults are of a uniform grayish color, shading into white
below. H. robusta is a form which has caused considerable confusion among natural-

ists. It is large, ornamented with as many as thirty-five black rings, and is found in

the waters at the south of India, as well as among the islands of the archipelago.

The eyed searsnake is a beautiful animal inhabiting the Austrahan seas ; it is known
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to science as JT. ocellata, the specific name being given because of the eye-like spots

along the sides and ornamenting the back.

Of the family of HydrophidjE no representative has a wider distribution than the

yellow-bellied sea-snake, Pelamis bicolor. It not only inhabits the Indian Ocean, but

has been captured on the coast of Madagascar, as well as on the west shores of America

and as far south as New Zealand. On the Australian shores, numerous specimens are

stranded during gales ; the females, on dissection, have been found to contain as

many as six young, these often of considerable size. In the Australian seas it is by

far the most abundant representative of the family. It might be expected that a

species so cosmopolitan would offer many varieties in minor points of structure and

p^^'S- * f
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Fig. 224.

—

Pelamis bicolor, yellow-beUled sea-suake.

coloring, and this is the case. The first variety has the upper part of the head and

body of a uniform black, and the belly brownish olive, the tail with black spots.

These colors may be separated by a lateral line of yellow, which, in other varieties,

may gain possession of the lower portion of the body, or infringe regularly or irregu-

larly upon the black of the back. The length of three feet is not exceeded.

SuB-OkDEK IV.— SOLENOGLYPHA.

The fourth division of ophidians has been subdivided into two groups, the basis

for the subdivision being that, while the Old "World representatives resemble those of
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the -western hemisphere in general form, habits, and in the effect of poison, they, as

a rule, are different in not possessing a deep pit on the side of the head, between the

eye and nostril, very characteristic of the American forms, or Bothi-ophera, and are

hence distinguished as Abothrophera.

The fangs are the only teeth of the maxiUaries of the Solenoglypha, which bones

are so attached to the lachrymal and frontals as to allow considerable motion, that the

fangs, except when about to be used, may lie against the jaw, where they are covered

by two folds of tough membrane. Immediately behind the slender fangs, which are

not only often broken off, but are regularly shed, are several incipient teeth, which,

though only attached to the gum, are regularly pushed forward, and take their posi-

tion as new fangs when the old ones are lost, becoming firmly attached to the maxillary

bone. These fangs are perforated by a canal, which is quite evidently, on viewing the

teeth in cross section, a mere fold of the anterior part, the lateral ridges being united

together from near the base of the fang, where opens the venom duct, to a point

a little above and in front of the apex, where it opens by a small slit. The venom

gland, which is a modified salivary gland, varies greatly in size ; in all cases, however,

it contains a cavity where the poison is resei-ved until it is ready for use. Below and

around this gland are a series of muscles, which, by voluntary contraction, can project

the venom through the duct, down the canal of the tooth, and can throw it further, as

a small jet, for some little distance. It has been often stated that the venom must, of

necessity, be ejected by the pressure of the muscles, as the reptile strikes. This is not

the case, however, as the serpent can, at will, control the flow of venom, and may
even strike without j)oisoning the object of its anger; moreover, a thoroughly exas-

perated snake, when held by the neck, has been known to forcibly eject the venom,

though no opportunity was given for striking. When, however, the animal is sur-

jDrised in its native haunts, if no retreat is offered, it collects itself, so that the anterior

part of the body can be straightened, and, on being further irritated, may strike with

the mouth open and the fangs depressed, or it may erect the fangs and wound, or it may
strike with the mouth closed, the fangs projecting as tusks on each side of the lower

jaw. On the fangs entering the flesh, the snake, by throwing its head forward, makes

a small cavity in front of tlie venom orifice, which receives the poison when the teeth

are withdrawn. When small animals, intended for food, are thus wounded, they

appear paralyzed, the snake watching them most intently, an action which has, to

some people, substantialized the foolish notion of charming. As the venom is an

active decomposing agent, it undoubtedly assists in digestion. It is an interesting fact

that the members of Solenoglypha are viviparous.

The symptoms exhibited by persons who have been bitten by our more poisonous

snakes seem to vary considerably ; but it is probable that the poison, entering the

blood, paralyzes the nerve centres, seriously affecting the function of respiration, and

enfeebling the action of the heart. The venom, when taken into the alimentary tract,

is harmless, as it is incapable of passing through the thick mucous walls, and its nature

is more or less changed by the action of the digestive fluids. But through other

tissues of the body, as the serous or muscular, it rapidly spreads ; the blood thus

affected being materially changed, and after death losing its natural coagulability.

The first thing to be 'done, on receiving a wound from a poisonous serpent, is to

tightly tie a broad ligature between the part wounded and the heart, that the venom
may be, only little by little, admitted into general circulation. The next thing is to

enlarge the wound and suck from it the blood and poison. Spirits should be freely
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given, that the weak action of the heart may be kept up, and finally, but as soon as

possible, there should be injected directly into the wound a one per cent solution, in

water, of potassa permanganas, a chemical antidote discovered by Dr. Lacerda, of Rio de

Janeiro, and found to be very effective.

The first representative of the sub-order of which we treat is the Actraciaspis

irregularis, of southern Africa, a form the habits of which are little known. Though

a small serpent, seldom exceeding two feet in length, it has the fangs developed in a

most extraordinary degree, being so long as to reach back to the angle of the jaw.

That this snake can strike as do other members of the sub-order is much doubted by

Fig. 225.— Vipera cerastes, horned-viper.

some, as the fangs seem to fill the mouth in such a way as to prevent their apices from

being protruded.

The vipers have the body robust, the tail short and not prehensde
;

the head

triangular and generally covered with scales, or at least incompletely shielded
;
the

eye is of moderate size, and is provided with a vertical pupil, and in front of it there

is no depression or pit so universally characteristic of the Bothrophera. The vipers,

some of which grow to a considerable size, are inhabitants of Africa, and from their

virulent nature have been known since time immemorial ; the most common is the

Vipera cerastes, or horned-viper. This animal, though not so poisonous as the cobra,

is extremely dangerous. In its appearance it is a most repugnant animal, of a pale

brownish-white color above, with spots and blotches of a darker shade. Over each
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eye is a scaly spine or horn, which is supposed, by the ignorant natives, to be pos-

sessed of the most wonderful virtues. Though its home is in the hottest deserts of

north Africa, where it lies half buried in the sand, awaiting the arrival of its prey, it

can endure severe cold and prolonged hunger ; the latter, however, might be expected

from its habits. Specimens have been kept in confinement upwards of two years

without taking any nourishment, though they sloughed their skins at regular intervals,

showing that they were in a healthy condition. To this species has been attributed the

questionable honor of producing the death of Cleopatra.

The asp, or Vipera aspis, has a wide distribution over Europe, extending north into

Sweden, as the only boreal poisonous reptile. The bite of this ophidian is much

Fia. 226. — Clotlio arietans, African pu£E-adder.

dreaded, for, though it only rarely produces death, it is very painful, often inducing

the victim to amputate the affected part rather than endure the pain or run the risk

of possible death. The viper or adder, Pelias verus, is the only venomous reptile

known to inhabit England, where, as has been already stated, it is often mistaken for

the grass-snake, which, in turn, is not infrequently mistaken for the adder. They are

easily distinguished, however, as the poisonous reptile has a zig-zag chain of dark spots

running along the back, which are not present in the innocuous form. The ground

color of the viper is, moreover, generally of a greenish-olive or brown, though specimens

of a yellow, a brick-red, or a black color have been captured. To this species, as is the

case with many other poisonous reptiles, the habit of swallowing or partially swallow-
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ing the young, in the apprehension of danger, has been attributed. Though the peo-

ple who are willing to swear that this is an ordinary occurrence are numerous, they
are, nevertheless, often uneducated; the fact that not a single naturalist of good
standing has ever observed the trait, though many have been their endeavors, seems
to cast considerable shade on this case of parental oversight. The poison of this ani-

mal must be of a very strong nature, for though it is only in the minutest quantity

when compared with that of such animals as the rattle-snake, it is capable of pro-

ducing the most severe symptoms, which sometimes last for days. During the cold sea-

son the adders, like the American copper-heads, congregate together, often entwining

themselves into a ball of the most repulsive appearance.

The African puff-adder, Clotho or Echidra arietans, has received its popular name
because of its habit of swelling or puffing itself up when irritated. It is both the

largest and the most poisonous reptile of South Africa, not infrequently reaching a

length of over four feet, and while other poisonous snakes are sufficiently active to

endeavor to escape on seeing an intruder, the puff-adder is so consummately lazy that,

rather than move or make itself known, it will remain, half buried in the hot sand,

with its sullen eyes fixed upon the unsuspecting traveler with a most freezing glare, and
if irritated in the slightest way, it starts up a hissing, which is followed, if the animal is

further approached, by a most deadly attack. It is with the poison of this animal

that the Bushmen arm their most effective arrows. In collecting these serpents they

are said to walk up to the sullen animals, and before the snakes have fairly made up their

mind to strike, plant the bare foot upon the neck and sever the head with a small

knife. The color of the reptile is brown, variously ornamented with spots of gray or

white. Clotho nasicornis is also an inhabitant of Africa, where it has received the

name of river-jack. The male is peculiar in having a spiine, protected by scales, pro-

jecting from the upper side of the nose, between the nostrils. S. cornuta, or the

plumed-adder, as it is called, derives its name from the peculiar plume-like structures

which appear over each eye. Though short and stout, it is very beautifully orna-

mented, the body being marbled with chestnut, and punctate with numerous small

dots ; along each side of the vertebral line are two i-ows of dark blotches.

Of the Indian vipers there are but two kinds, Dahoia russellii has the nostrils very

large, laterally placed, and surrounded by three shields. The head is covered with

scales, those of the sides as well as tliose of the body being keeled. The general

color is brown, with three rows of large white-edged rings, of which those of the

middle of the body are largest ; the lower side is yellow, and in some cases marbled

with brown. The ticpolonga, as this species is called by the natives of Ceylon, in-

habits not only that island, but also India, as far as the Himmalehs. It is amost com-

mon terrestrial reptile, and is much dreaded, being nocturnal in its habits. It is

sometimes fifty inches in length, feeds on small mammals, and has been named by the

Europeans, because of its venomous nature, the cobra monil.

The other Indian viper, Echis carinata is structurally different from the previous

species, in that the sub-caudals are simple, and the nostrils are small, and situate

in a large, posteriorly divided nasal. The small keeled scales of the head are imbri-

cate, two rows of which are between the eye and the labials. It differs chiefly from

its African congener in having a fewer number of ventral shields. E. carinata is

common in many parts of India. It never exceeds a length of twenty inches. Being

such a small snake, its bite is not known to have ever proved fatal, though some au-

thors speak of it as a most virulent form, requiring a double dose of medicine to
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counteract the effects- of its poison. Trimeresurus (including Herias, and Megcerd),

embraces those vipers which, from their green color and prehensile tails, are fitted for

an arboreal life. They are provided, as are the remaining genera of the sub-order,

with a small pit in front of the eye, which indicates the lachrymal fossa of the Amer-

ican Crotalidse, of which they are the Old World representatives. The members of the

present genus are naturally of a sluggish disposition, remaining for hours at a time

resting along some branch, which they resemble so closely in color as to attract no

attention until they have made their presence known, either by a warning hiss, or by

immediately biting. Though their ordinary small size generally prevents the bite

from proving dangerous, some of the larger specimens may inflict wounds which re-

sult in death. Ordinarily, however, the symptoms, though severe, are confined to

nausea and fever, seldom enduring for any long period. The pain and swelling having

subsided, the neighborhood of the wound becomes black and mortifies, and is finally

thrown off, after which the patient soon recovers his fonner strength. The animals

ordinarily feed on birds and mammals ; other ophidians as well as lizards being

rejected.

Trimeresurus trigonocephalus is a good representative of the genus. It is an inhab-

itant of Ceylon, where it leads an arboreal life, and reaches, when adult, the length

of thirty-one inches, of which the prehensile tail is about one sixth. The color is

green, with a network of black stripes on the head, which is produced backwards as

a median dorsal line, sending alternate lateral branches to the sides. The lower sur-

face is pale green, marbled with blackish posteriorly.

Peltopelor has but a single representative, P. macrolepis, an animal inhabiting the

Anamallay mountains, and reaching a length of twenty-one inches. It has a large

pit in the loreal region, the body with twelve series of large, keeled scales, and the

head with small, imbricate scales. Its color is of a uniform green, brighter below,

with lateral lines of bright yellow.

Calloselasma is also represented by a single species. It has smooth scales, the head
protected above by cervical plates of the normal number ; and the tail, which is not

prehensile, terminated by a long spine-like scale. C. rJwdostoma inhabits Java and
Siam. Though only attaining a length of three feet, a single specimen has been
known to cause the death of two men in five minutes.

Hyjpnale 7iepa, the only representative of its genus, is found in southern India and
Ceylon, where it is known as the carawala and is greatly dreaded, though its poison

does not prove fatal until it has been in the system for several days, there being there-

fore every hope, provided the proper remedies are only applied in time. Like the

other viperine snakes, it is viviparous, the young, five inches in length, having been
dissected from the female. The animal has the shields of the snout scale-like, while

the other cervical shields are normal.

We now come to those Solenoglyphs which are distinctively New World, and are

included under the head Bothrophera, the several genera of which have not only the

peculiarities of structure already mentioned in the introductory remarks to the sub-

order, but also the following : The general form of the body is stout, and the large,

flat, triangular head well separated from the body, which latter is either terminated by
a series of so-called rattles, or may be of the oi'dinary cylindrical form ; the pupil

is elliptical, its longer axis being vertical ; between the eye and the nostril is a deep
pit, which characterizes the group, though some ophidians of the eastern hemisphere
have a somewhat similar depression. The venom glands are behind the eye, lying
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along the sides of the skull, and open into the tubular fangs. The scales of the body
are keeled and the anal scale is entire.

The introductory genus is Ancistrodon. It is represented north of Mexico by two
species which are alike in having the sub-triangular head distinct from the neck, and
the tail short and tapering to a point. There are both frontals and parietals, and the
loreal may be present or absent ; the scales of the body are arranged in twenty-three
or twenty-five rows, and the pits at the side of the face, are well represented.

The so-called highland-moccasin, A. atrofuscus, has not been collected since the
time of its original description. It and A. piscivorus are undoubtedly the same
species.

-^^^^^'~i.j::Xdm0^C'S

Fig. 227.— Ancistrodon contortrix, copperhead.

The copperhead, A. contortrix, has an extended geogi-aphical range, being found
from New England to Florida, and from the Atlantic to the Mississippi, and is popu-
larly known as the copperhead, because of its dark bronze-colored head. Though it

is occasionally found in meadows, in the neighborhood of water, searching for mice

and small birds, its proper home is in the wild mountainous districts where the preg-

nant females are known to gather in large numbers and entwine themselves, as do the

European adders, into a huge mass of living venom, presenting to an intruder a most

formidable appearance. The young, which, like others of the sub-order, are brought

forth alive and active, show from the first a most irascible temper, when only a few
hours old striking right and left, apparently trying to test the power of their sharp

and delicate fangs. The number born of one female is not known to exceed seven.

The young probably hibernate with their parents.
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The copperhead is of a bronze hazel or hght reddish brown above, with a series of

transverse, dark brown bands which enlarge on the flanks into blotches. The lower

surface is of a flesh color and spotted, as is much of the back, with minute dots of

dark brown. Along each flank is a row of dark spots alternating with and between

the bifurcations of the dorsal bands. There is a loreal plate, and the scales are dis-

FlG. 228. — Ancistrodou plscivojiis, water-moccasin.

posed in twenty-three rows. These last characters at once separate the present forni

from the succeeding, which has no loreal, .and the scales arranged in twenty-five rows.

The water-moccasin, A. piscivorus, is an animal dreaded by the travelers of the

south even more than is the rattle-snake. While the latter only takes the defensive

on being irritated, and ordinarily makes its presence known by sounding its alarm, the
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moccasin strikes at every object that displeases it, and will even raise its head and
spitefully strike at objects some distance away. In confinement, harmless snakes have
shown the greatest apprehensions on being placed in company with a moccasin,

which, nevertheless, they greatly exceeded in size. The moccasin, like the cobra of

India, seems well aware of the power which it possesses, for while the harmless

snakes above spoken of were soon attacked and poisoned, on the introduction of

moccasins, an understanding was obtained, and mutual respect resulted in perfect

harmony. In out-door life, the moccasin, which has for its habitat the southern states

from the Carolinas to Texas, is always found in the water or its immediate neighbor-

hood. The reptile is often seen resting upon the low branches of some overhanging

Fig. 229,— Trigotiocephalus tanceolatus, fer-de-lance.

tree, where it can at once bask in the sun and watch for its prey of fish, tadpoles,

frogs and the like, which it has no difficulty in catching, as it is a most active swimmer.

The coloring of this species is of an olive shade above, with about a dozen transverse

black bars ; below, brownish yellow, mottled with dark blotches. It can most easily

be distinguished from the preceding species by comparing the cervical plates, and

counting the longitudinal rows of scales. The variety pugnax is based upon a narrow

and crowded second labial ; it inhabits Texas. Specimens of the moccasin seldom reach

four feet in length.

The genus Trigonocephalits includes the most venomous animal of the western

hemisphere, the celebrated fer-de-lance, T. lanceolatus, of Brazil. This animal being
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of a most aggressive disposition, attacking without giving warning, actually abound-

ing in its habitat, growing to a large size, and being of remarkable fecundity, probably

causes the death of more laborers in the sugar plantations of South America than any

other agent. Its venom is not spent in defence alone, but the fer-de lance being a

most voracious animal, it is of value in securing the rats and other small rodents

which would, were it not for this serpent, as well as several others, soon overrun and

destroy the cultivated districts.

Under the generic name Caudisona appear those forms which resemble the true

Crotali, in that they are provided with the terminal rattle, but they show their

intermediate character in that the plates of the head are much like those of A?icistro-

don. The head is large and triangular and well shielded with frontal and parietal

plates, the deep pit is present, but the rattles are but poorly developed and few in

number, being only capable of giving a feeble alarm.

Caudisona tergemina, the black rattle-snake or massasauga, is found in Ohio and

Michigan, and southward to Mississippi ; it has the scales in twenty-three or twenty-

five rows, a large pre-orbital, and a small and sub-triangular loreal. In coloring it is light

ashy brown or black on the back, depending on the exposure to which the animal has

been subjected ; those having lived in dry open localities seem to be bleached out.

The back is ornamented with seven rows of irregular spots. This animal is often

found in the burrows of the firairie-dog, Cynomys ludovicianus. C. edwardsii is a

rare and a beautiful species inhabiting northern Mexico, Texas, and Arizona. The
scales are in twenty-three rows, the two outer rows being smooth. The general color

is yellowish brown with several series of spots, the dorsal series numbering about forty-

two. The belly is light yellowish mottled with brown. C. miliria is. a very abundant
form in the south, where it has received the name of ground rattle-snake, being fre-

quently found among dry leaves and in tangled grass, searching for small field-mice.

As it seldom gives any warning before taking the aggressive, it is very much dreaded,

especially by the common people, who regard it as even more dangerous than Crotalus

horridus, but experiments show that its bite is not as virulent; a cat which was
severely wounded, recovered at the end of a couple of days. Though the ground
rattle-snake has sufficient venom to kill the animals on which it preys, as the towbee
buntings, and field-mice, it has not, being but a small reptile, a sufficient quantity to

dangerously affect the larger animals. It has the scales arranged in twenty-one or

twenty-three rows, all but the outer keeled, and the labials numbering from ten to

twelve, the infralabials eight to thirteen. The coloring is generally dark, of an ashy-

brown shade, with a dorsal series of from thirty to forty irregular, band-like^ black spots

with light edges, which become divided towards the tail. Along each flank and also

along the belly are three series of smaller spots alternately arranged. "The greater

number of specimens have a dorsal line of a reddish color. The habitat is along the

southern states and Mexico. C. rava inhabits the table-lands of Mexico, and is allied

to the previous species. It is of a yellowish color ornamented with from twentj^-six

to thirty deep brown dorsal and an equal number of alternately arranged lateral spots.

The head is pale and immaculate, save a very minute punctulation. The species is

at present quite rare in museums.

The genus Crotalus has the parietal shields scale-like and the frontals either divided

or absent; the tail is terminated by a well developed organ, popularly called the

rattle. Of this genus there are several species, which number some naturalists have
augmented by including the members of the previous Caudisona. As now restricted
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there are about fifteen species, many of which present several local varieties. Although
the Australian Acanthophis and many members of the genus Typhlops have the tail

terminated by variously foiTaed spines, the ajDpendage peculiar to Crotalus is by far

the most interesting, as it is by far the strangest development. As to its use, many
have been the theories ; some claim that, as the sound resembles that produced by

several insects, it is a lure for insectivorous birds, but observation has shown that,

while hunting, the snake ordinarily preserves quiet ; it is moreover seldom that birds

are found, on dissection, to be in the stomach. Equally weak seems the explanation

that the sound piroduced by the rattle so terrifies the smaller animals on which the

snake feeds, as to render them helpless and thus easily captured. To many it might

seem probable that it is a special organ designed for bringing the sexes together in the

mating season, an end which is often gained by other and numerous means, but, while

mating, the rattle, though used, is not vibrated with as much energy as it is when the

reptile is irritated, and it is here that we find the probable use of the organ. Though

ordinarily perfectly able to defend itself, the rattle-snake is, after having repeatedly

drawn from its supply of poison, for some little time comparatively helpless, and being

rather slow, as well as having a sullen disposition, it would, were not some provision

made, suffer from its temporary helplessness. This is prevented, however, by the

rattle, which the snake, on being surprised, uses as an alarm, making its presence

known, the reptile thus avoiding the undue waste of poison, which to it is an essential

means of protection.

The rattle, a most common cabinet curiosity, is made up of a series of depressed

horny rings, each consisting of a posterior tongue-shaped portion, which is held in the

hollow, cup-like, anterior portion of its succeeding fellow by a terminal knob, the so-

called ' button.' It will thus be seen that if a portion of the rattle is broken off, a

' button ' will always remain. As such an accident is not infrequent, and since sev-

eral new joints may be added during a season, the number of rings can in no way
indicate the age of their possessor, though we must give up all hope of this fact ever

being comprehended by the ordinary local reporter.

The habit of rapidly vibrating the tail, when excited, is possessed by many ophi-

dians, and when it is done while the reptile is in dry leaves, a noise is produced so

resembling the alarm of the rattle as to even deceive an expert. This habit of many
harmless forms has often resulted in their death, they being first mistaken for adult

rattlers, though, when killed, the excited hero, not finding the terminal appendage, and

not willing to allow the mistake, maintains it is a young rattler, an assumption often

apparently substantiated by an inspection of the tail, which is often tipped in many
innocuous ophidians by a smooth horny scale.

Crotalus durissus is the introductory species, and is found from Mexico to Brazil.

It has often been confused with C. horridus, but is at once distinguished from that

animal in that it has the scales arranged in twenty-nine or thirty-one rows, and

the dorsal markings more regular and taking on a lozen-shaped form. The keels of the

scales are very large and swollen, though, as in O. horridus, they do not arm the

outer row of scales, which are large, smooth, and broad. The general color is yellow-

ish brown, ornamented along the back by a series of sub-diamond-shaped brown spots

with light centres and yellow borders, and which, as they continue to the flanks, enclose

rhombs of the general ground color. The yellowish belly is clouded with darker

shades. •

Crotalus molossus is a native of New Mexico and Arizona, and is characterized
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Crotalus lucifer, Oregon rattle-snake.
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by having the nasal plates divided ; four prefrontals ; eighteen labials ; seventeen

infralabials, and the scales in twenty-four rows. The body is yellowish, sti-ongly marked

with a dorsal series of rhombs, similar to those of C. adamanteus. An allied species

collected at Fort Whipple, measuring thirty-one inches in length, contained an adult

blue-bird, Sialia mexicana. They are reported from the San Francisco mountains

at an elevation of 10,000 feet, and inhabit dry rocky ground. C. confluentus, the

prairie rattle-snake, is very abundant along the Missouri River and its tributaries from

Nebraska to the Rocky Mountains. During the hot season they retire to the dry

canons, where they hide among the willows, being extremely sluggish and stupid, and

possibly partially blind, as the cuticle, though cleaving from the, body and eyes, is not

as yet shed. The head is sub-triangular, and the plates irregular, angulated, imbri-

FlG. 230, — Crotatus durissus. rattle-snake.

cated, and not infrequently tuberculated. The labials are from fourteen to eighteen

above and below, and the scales of the body are arranged in fi-om twenty-five to

twenty-nine rows. Along the back there are between forty and fifty brown spots

margined with narrow white lines. C. polysiictus, inhabiting the table-lands of

Mexico, seldom reaches the length of two feet. There are two nasals, two loreals,

fourteen labials, and thirteen infralabials ; and, of the twenty-seven rows of scales, all

are keeled excepting the lower two. Along the back is a median yellowish stripe bor-

dered by lines of grayish brown, and ornamented by a series of seven brownish black

spots.

C. lucifer, the western black rattle-snake, was brought to the light of science in

1852, by the description of Baird and Girard from sj^ecimens captured by members
of the exploring party under Cairtain Chas. Wilkes in California and Oregon. The
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general color is reddish bi'own above, deeper along the back, and yellow beneath,

thougli a specimen that had just shed its skin, captured on the Columbia River, had

the ground color pure white, with sea-green patches on the back. Ordinarily, the

patches are in a series of sub-circular white rings, lined internally with a narrow black

line. The internasals are subdivided, and separated from the nasals by a row of

small scales. The rostral plate is small and pointed above, and pentagonal in form,

and there are from thirteen to sixteen labials. The scales of the body are arranged

in about twenty-five rows. Rattle-snakes are most abundant south of the Columbia

River ; west of the Cascade Range they are very rare. At the Dalles the present

species has been so abundant as to be very annoying, specimens sometimes entering

Fig. 231.— Orotalus adamanteus, diamond-rattler, and C. Iiorridus, banded rattle-snake.

human dwellings, though of late, since the introduction of hogs, their numbers have

considerably decreased. The Indians, it is said, use the tail of this rattle-snake to

produce abortion.

Crotalus adamanteus is distinguished by having the parietals and frontals scale-

like, the nasal divided, the loreals generally two, and the scales, the keels of which

are not tubercular, arranged in twenty-seven or twenty-nine rows. The color is yel-

lowish brown, and the back is ornamented by a series of about thirty distinct, diar

mond-shaped spots, which are dark brown in color, with a lighter centre, and mar-

gined with yellow ; on the tail these spots pass into transverse bands. This species is

an inhabitant of the southern states, and its varieties extend to California and into

Mexico. In its habits the diamond-rattler prefers the damp and shady places in the

neighborhood of water, though there is no evidence that it follows its prey into that
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element. From this preference tlie reptile is commonly known as the water-rattler in

some poj'tions of the south, though the name diamond-rattler, given because of the

diamond-shaped markings of the back, is more general. Holbrook, in speaking of it,

says : " A more disgusting or terrific animal cannot be imagined than this ; its dusky

color, bloated body, and sinister eyes of a sparkling gray and yellow, with the pro-

jecting orbital plates, combine to form an expression of sullen ferocity unsurpassed in

the brute creation."

The most abundant species east of the Mississippi is C. horridus, popularly known

as the banded rattle-snake. It has a very general distribution from Maine to Texas,

being in some localities quite common, though the universal war waged against the

species has greatly reduced its numbers. At one time it was very abundant on a

low range of hills in eastern Massachusetts, where it was possible to obtain several

specimens in a short time, but it is now extremely rare, and is only met with on

the most unusual occasions. Further south, in some localities, the animal is still abun-

dant, though never occurring in such numbers as to, in any way, hinder— as a related

form of the west does, — the local sportsman from following his bent. It is naturally

sluggish, and will often remain perfectly motionless while an unsuspecting intruder

passes within a few feet, but the instant the reptile is perceived, it ordinarily coils itself

for an attack, and may remain thus on the defensive, ready to strike at whatever may
displease him, but never following the object of his rage ; after a short time he may
uncoil, and, as Holbrook says, " slowly retreat like an un conquered enemy, sure of his

strength, but not choosing further combat." That the reptile cannot strike unless

coiled, is a mistaken notion, for although this position is ordinarily chosen,— the animal

thereby having a greater reach,— when angry and confined it will strike right and

left, coiled or uncoiled.

The rattler feeds on small rabbits, rats, and squirrels, which latter Dr. Bachman,

the intimate friend of Audubon, has observed the snakes to watch as they sported

among the branches of a large tree ; undoubtedly waiting to pounce on some unfortu-

nate one that might descend for a fallen nut or acorn, or possibly to search for water.

The old belief that serpents ' charm ' is now obsolete, though not extinct. That
such a belief should once have been curi-ent is not surprising, since birds are often seen to

flutter around a marauding snake, but really more from maternal solicitude and friendly

sympathy on the part of the birds than from any reptilian power of fascination. The
instinctive, and sometimes paralyzing horror which seizes on one when he knows he is

the object of some frightful monster's fixed gaze may also be adduced as a cause for

a belief so general until within a few years.

The parietals and frontals are scale-like ; the nasal plate divided ; scales in twenty-

three or twenty-five rows, of which all but the lateral are strongly keeled ; the labials

are numerous, there being along the upper border of the mouth from twelve to six-

teen on each side, and eighteen along the lower jaw. There is a dorsal series of more

or less irregular and imperfect transverse bands ; the general coloration is variable,

some specimens have the ground of a bright yellow color, while others are almost

black. The length of four feet is seldom reached, though a specimen fifty-four inches

long has been captured. As many as twenty-three rings in good condition have been

known to compose the rattle.

Crotalus enyo resembles C. molossiis in general coloration, and is a very beautiful

animal. It can easily be distinguished from the species named, however, as it has a

peculiar scutellated muzzle, and there are only twenty-three rows of scales, molossus

VOL. III.— 26
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having twenty-nine. It is of a yellow color above, \vith the ordinary series of small

transverse rhombs, which send lateral prolongations to the sides of the body. It

inhabits Lower California.

Crotalus tigris is a form which has the nasal plate divided, and the keeled scales

disposed in as many rows as those of C. cerastes. The head is depressed, and being

narrow behind, and the nose broad and obtuse, it is quite quadrangular in outline.

The animal is of a yellowish ash above, with small clustered blotches anteriorly, which

develop into brown bands further back. C. cerastes inhabits California, Arizona, and

Mexico, preferring localities where there is absolute-

ly no trace of vegetation, such as are those of the

southwest deserts, where it is extremely abundant.

Its chief structural peculiarity is the pair of horns

surmounting the head, and giving the animal the

appearance of the horned-viper, Vipera cerastes, of

Fig. 232.— Head of Crotalus cerastes, Africa, which animal it further resembles in being
horned-rattler.

^^^.^ sluggish, and in its choice of locality. The

New Mexicans h.ave named this animal the ' side-winder,' because of the slightly

lateral motion which they have in passing forwards.

The next member with which we deal is C. pyrrhus which has the head obtuse and

rounded, the labials fourteen, and the loreals four. It is a most highly colored

animal, being of a bright salmon red, with transverse bars of a deeper shade, which

are broadest along the back, and lateral series of yellow blotches. A specimen cap-

tured in Arizona during a hasty retreat from hostile Indians, by members of the

'Wheeler Survey,' attracted considerable attention as a 'red rattle-snake.' C.

mitchellii has many points in common with the red-rattler, though it has but one

loreal, and the small upright nasal is separated from the rostral and labials by a series

of small scales. The general color is grayish 3-ellow, with indistinct quadrate mark-

ings along the back, which at the tail are reduced to bands. The scales are in twenty-

five rows. This animal, the last of the genus, has been only found in Lower Cali-

fornia.

The last and highest member of the family Crotalidas is the Aploaspis lepida, a

form inhabiting western Texas, and first described in 1861.

Oedee II.—PYTHONOMORPHA.

The members of the order which we now treat lived at a time when the American

continent was considerably lower than it now is. New Jersey and Delaware, as

well as a greater portion of the southern states, wei-e then under water. The Mexican

Gulf extended as far north as the Ohio River, and the Rocky Mountains, in some

places 10,000 feet lower than they now are, appeared as a range separated from the

valley of the Mississippi by a broad expanse of salt water which teemed with animal

life ; the immense chalk-like deposits of the protozoans suggesting the name of the

period, the cretaceous. It was during this period, when the sea was somewhat warmer

than at present, that gigantic reptiles, in their general form and movements resembling

huge eels, ploughed through the water by means of their four paddles and propeller-

like tail, in search of fishes and other marhie life, much in the same manner as does

the searsnake of to-day.
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The Pythonomorphs, though occasionally found in European deposits, are best

known from American specimens, which are abundantly found in the limestone rocks

of Kansas and the cretaceous deposits of New Jersey and Alabama. A careful

examination of the fragments has shown that the animals were greatly elongate ; the

head large, flat, and conical ; the eyes, though placed at the sides of the head, being

directed more or less upward ; and the limbs represented by two pairs of broad pad-

dles, firmly united with the body. In several particulars these ancient foi-ms resemble

the serpents. The teeth were disposed in four rows along the upper jaw, though dif-

ferently arranged, for although the palatine and maxillary bones were armed, the pre-

maxillary teeth appeared in two rows instead of one. They were used only as organs

for seizing the prey, which was swallowed whole, without mastication. The lower

jaw had not the bones connecting it with the head movably articulated and allow-

ing displacement, though the rami were united in front by the elastic ligament so

characteristic of the previous order. The distention of the mouth was provided for,

however, by a special structure only represented in a few serpents and in the young

of some birds, like the heron. This consisted in the jaws being provided, midway

Fig. 233.—Jaw of Clidastes ; x, sphenial articulation.

of their length, with a hinge, the splenial articulation, which enabled the rami to

bow out and allow the most bulky prey to gain easy access to the large and spacious

gullet.

By reference to the figure of Clidastes, it will be seen that the pectoral arch con-

sisted of only a scapula and coracoid, and that the pelvic arch had no rigid sacrum,

and was but loosely united on the middle line below. The ilia were long, and not im-

mediately in contact with the vertebral column. The pubic and ischiatic bones were

small and free. The pes and manus, and both limbs, were small in proportion to

the size of the animal, and of a less robust type than in any other order of marine

Reptilia.

The quadrate bones movably attached to the sides of the skull, the simple articu-

lations of the ribs, and the free vertebrae of the sacral region, are points which unite

Pythononiorpha with Ophidia and Lacertilia. The general structure of the posterior

portion of the lower jaw is like that of lizards, while the chevron bones, protecting

the sub-caudal continuation of the aorta, q,re not ophidian. The teeth, being without

true roots, are not like those of Lacertilia, nor are they identical with those of Ophidia.

It will be seen that the animals require an intermediate position between the

previous order and the one succeeding, the Lacertilia. With the other orders,

except the Chelonia, which they resemble in having the quadrate bone partly

enclosing the auditory meatus, and a few points resembling the Plesiosaurs, they have

little or no afiinity.

The genus Clidastes is represented by about a dozen species once inhabiting the
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coasts of New Jersey and Alabama, as well as the " Western Sea." It contains the

most elongate forms of the order, though they do not reach such a size as do some of

the Liodons. The quadrate bone gives evidence that there was considerable lateral

flexure of the mandibular rami ; and that the animals were strong and muscular is

shown by the striations and sculptures still appearing on many of the bones. That

the vertebral column might not be dislocated by the animal's powerful contortions, the

vertebrae are provided with an extra pair of articular processes which are very charac-

teristic. The largest representative is C. cineriarum, from the Kansas strata, and

reaches a length of forty feet. C. tortor was a lithe and active animal, with numerous

knife-like teeth, and probably fed on fish. C. pumilus is remarkable for its small size,

being only about twelve feet in length. It was probably not infrequently the unfor-

tunate prey of some of the larger cretaceous sharks.

The genus Platecarpus is also represented by about a dozen species which resemble

Clidastes in the form of the humerus, though the vertebral articulations are like

those of Liodon. The muzzle is considerably shorter than in the previous genus,

from which the animals also differ in having the chevron-bones free from the vertebral

centra. The teeth are very characteristic, being neither compressed like Liodon^ nor

angularly faceted as in Mosasaurus but are curved and, in section, sub-circular.

Such sj)ecimens as have been discovered have been of medium size.

Fig. 234. — Skeleton of Clidastes^ restorefl.

Mosasaurus has been abundantly found in the greensand of New Jersey, and other

cretaceous localities further south. It differed from the two jirevious genera in having

the flippers more pedunculate, the humerus and femur being more slender, and in

having the teeth provided with facets. The chevron-bones are in part coossified, and

the arches of the vertebral column interlock, presenting in rudiment, the articular

processes of Clidastes. The representatives of this genus, of which there were in

Europe two, and in America, where the animals were much more abundant, nearly a

dozen species were, like other Pythonomorphs, long and slender, and with a flattened,

pointed head. The food, which was captured alive, was quickly swallowed, passing,

on its way to the loose pouch-like gullet, between the expanded branches of the lower

jaw. M. maxiinus was the largest species, and sometimes reached a length of eighty

feet.

The genus Liodon has the teeth compressed, lenticular in sectional outline, and

formed for cutting. The vertebrae have not the strong articular processes of Clidastes

and the humerus is small and narrow. The typical species of the genus was described

by Owen from remains found in the English chalk, and is extremely rare. In America

the forms abounded during the chalk period and were the giants of the order. L.

proriger, of the Kansas beds, measured seventy-five feet in length, and was provided

with a long projecting muzzle, a development possibly used as a ram when fighting.

X. dyspelor was probably the largest of known reptiles, considerably exceeding the

Mosasaurus maximus in size. The source of the food supply of such monsters may
well excite our curiosity, as their magnitude does our surprise.
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Okdee III.— LACERTILIA.

To this order belong the lizards, which may be defined as all now existing reptiles

having a pectoral girdle and sternum, and, as a rule, four limbs. A tympanic cavity

is usually present, and the eyes, with a few exceptions only, are provided with lids.

The bones of the jaws and head do not allow that expansibility generally character-

istic of snakes, and a still further departure is made from this group in that the lizards

are provided with a urinary bladder.

The lizards are generally of an elongated form, and snake-like, some carrying the

resemblance still further by having the limbs reduced to rudiments, or externally en-

tirely absent. The limbs, when present, are seldom sufficiently strong to support the

body from the ground, and are hence used more as pushing organs, though the cha^

meleons have them designed for grasping, the geckos modified into sucking disks, by

which they can ascend perpendicular walls, some of the iguanas for swimming, and

yet others for digging. It will thus be seen that the animals are designed for differ-

ent modes of life. While some lizards are terrestrial, and have the limbs poorly

developed oi' even absent, others are arboreal, and, like the arboreal serpents, are spe-

cially modified and protectively colored. It is in this order, however, that we first

find reptiles designed for an aerial, or partially aerial, life. The shoulder girdle is

always present, and the shaj)e of the clavicle is of considerable taxonomic value. The
sternum is absent in a single genus, Amphisbcena. The ribs are generally present,

and extend from the anterior cervical to the lumbar vertebrae. These ribs, in forms

like Draco and Ziiolephis, are the chief organs of support for the wing-like expansions

of the sides of the body.

The structure of the skull is particularly interesting, though complex. On its

peculiarities has been based the only natural classification. The cranium proper, that

portion of the skull enclosing the brain, is relatively small ; it does not extend to the

orbital region, and is protected in front by a vertical curtain, the membranous inter-

orbital septum. The bones of the jaw are connected with those of the cranium by
the intervention of an arch, the zygomatic, made up of the malar, postorbital, and

squamosal bones. The quadrate is large and much more firmly attached than in either

of the previous orders. The rigidity with which the bones are united is worthy of

notice, and particularly interesting when compared with the loosely articulated facial

bones of the serpents. The lower jaw is incapable of lateral expansion, either by
means of an elastic symphysis, or by a medial joint.

The dentition is peculiar, and, to a certain extent, characteristic. Much more
variety as regards general structure, mode of insertion, and position of teeth, is pre-

sented than in the previous orders, though these peculiarities are of only secondary

value in classification. In many families there is an interesting distinction between
Old and New World forms ; the former having the teeth planted along the ridge of

the jaw are termed acrodont, while the latter have them merely appressed to the

inside, and are plurodoni. A peculiar anomaly is presented by the American genus,

Teius, the teeth in the young being plurodont, and, as age proceeds, by a growth of

the bone of the jaw around their bases gradually becoming acrodont.

Though the shape of the tongue is very variable, and, to a certain extent, charac-

teristic, its covering is of far more importance to the systematic zoologist. Though
the lower families and the degraded Amphisbsenas have the eyes, like the serpents,
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unprotected by lids; the higher forms have well developed lids; some, like the

skinks, having the lower so transparent that it performs the office of a nictitating

, membrane, though closely related forms may have it opaque and scaly. The keen-

sighted chameleons have the eye entirely surrounded by the lid, vision being obtained

through a central slit.

The integument of lizards, though often provided with scales, is not invariably

so protected; the geckos and Amphisbfenas offering the most familiar exceptions.

The scales, when present, present considerable variety of structure, which is of use in

determining the several genera and species. These scales are often of considerable

size, especially when connected with the cutaneous expansions of the throat, back,

and sides. Along the inside of the thigh and across the abdomen the skin is not

infrequently pierced by ducts leading from subcuticular glands. These openings are

called pores.

Though the majority of lizards are oviparous, a few, like Anguis, Seps, and Phry-

nosoma, give birth to their young. With the exception of JTeloderma, all are per-

fectly harmless so far as poison is concerned, and are generally of a most timid

nature. They are by far the most numerous, and present the greatest variety of

coloration in the typical countries.

The classification herein adopted is the most natural, and is based on a thorough

study of the anatomical peculiarities of the order, a result of the labors of Pro-

fessor E. D. Cope and G. A. Boulenger. Twenty-one families are characterized, all of

which are treated to a more or less extent.

The first family, Geckos^id^, is easily recognized. It includes a number of the

lower developed lizards, which have the centra of the vertebrae concave both ante-

riorly and posteriorly. They are further characterized by having the tongue short,

thick, and fleshy, the eyelids rudimentary, and the pupils of the large eyes generally

vertical and elliptical, a peculiarity which points to a nocturnal life. They are all plu-

rodont, and the head is broad and depressed ; the body is of moderate breadth, granu-

lar above, and covered below with small imbricate scales ; the tail is normally thick at

the base, and tapering, though it is so often broken off that it is generally somewhat

deformed. The limbs are stout, of moderate length, and the well-developed toes are

usually provided with an adhesive apparatus, made up of a series of plates or disks,

by means of which the animals can run up a perpendicular wall or smooth tree.

Though nearly all are provided with claws, the sucking-disks are less perfectly

developed in the arboreal forms. The acrid fluid secreted by the disks has given the

erroneous idea that the animals are poisonous.

Thei-e has been observed in many geckos a peculiar pair of calcareous masses on

each side of the neck. These seem to vary in size with different individuals, in some

being entirely absent, while in others of the same species they may appear either as a

thin layer or as hard rounded masses. No dermal pore has been discovered to con-

nect them with the exterior.

The geckos are small in size, never exceeding fourteen inches in length, and are car-

nivorous ; destroying the larger insects and moths, and are to some extent catnii-

balistic, eating their own young, and, what seems most surprising, they have been

observed to devour their own tail, an organ which they seem to regard as purely orna-

mental, to be dispensed with whenever the occasion demands. Among themselves

they are quarrelsome, and often fight over their prey. Tliey are noisy at night,

many being named, as is the gecko, from the peculiarity of their calls.
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Platydactylus mauritanicus is found in the countries bordering the Mediterranean

and is known in the south of France as the tarente. It is never found in damp or

shaded localities, but delights in the sunshine, being found about ruins and old walls.

The colder portions of the year it spends in an inert condition, hid away in some

crevice, or under the tile of an old house, ready to creep out on the first warm days

of spring. It is a perfectly hai-mless animal. Of its cry nothing is known.

Fig. 236. — Platydactylus mauritanicus, tarente.

Sph(Brodactylus notatus, one of the smallest American lizards, measuring about

two inches in length, is the only gecko in the United States, though there are three

or four in Mexico and Lower California. Each of the toes is terminated by a small

rounded disk, by means of which, the animal can wander over the perpendicular faces

of rocks. The reptile is very rare in collections, tliough it has been several times taken

in Florida and Cuba. While the scales on the back and sides are large and keeled,

those of the belly are smooth, small, and hexagonal.



408 LOWER VERTEBRATES.

The genus Semidactylus is very generally distributed through the warmer regions

of the globe, and is characterized by ha^ing the dilated toes armed beneath by two
series of transverse imbricate 2jlates, and the trunk and tail without lateral cutaneous

appendages. H. trihedrus has the back granulated with numerous trihedral tubercles,

some of which equal the opening of the ear in size. The femoral pores do not cross

the pre-anal region. This animal, which reaches a length of seven inches, inhabits the

coast of Malabar, avoiding the habitations of man, only living in rocks and trees. Of
much different habits is the semi-domesticated H. macidatus, the most common gecko

in India, and extending its geographical range into China, the Philippine Islands, and

Fig. 236. — HemidacryliLs vcrrucidatus, gecko.

Mauritius. IT. frcp,natus, the cheecha of Ceylon, inhabiting also India and possibly

south Africa and Polynesia, is a most interesting little animal. But four or five inches

in length, it makes its appearance soon after sunset, about the walls of the Indian

dwellings, in search of flies or other small insects. If some attention be shown it,

however, it will present itself every evening at the accustomed place, where it expects

rice or morsels of bread, soon becoming very tame. The female lays three or four

eggs in a crevice of some old wall, or ])ossibly in a hollow tree. JI. vemiculatus

inhabits the shores of the Mediterranean, where it is often found in cellai-s. It is of

a reddish-gray color, with back and tail covered with conical tubercles.

To the collector in the island of Jamaica, the croaking-lizard, Thecadactylua
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IcBvis, is a most abuudant, as well as a most interesting, animal, though of repulsive

apf)earance and unfounded bad reputation. It is found everywhere ; in the out-build-

ings, old mills, and cattle-sheds, making its presence known by a singular croaking

noise, which it maintains throughout the night, resembling that produced by drawing

a stick o\er the teeth of a comb. The eye is unprotected by lids, and though the

pupil is large and circular during the night, in the day time it contracts to a small

vertical slit, giving the animal anything but a pi-eposscssing expression, a marked con-

trast to the meek countenance of the there abundant Ameivas. The skin of the

croaking gecko is very soft and fragile, tearing, like M'et pajser, almost on the slightest

touch. The conical tubercles of the head and back are more depressed jDosteriorly,

where they are flat and scale-like. The tail is very fragile, though on being lost it is

soon and rapidly replaced. One in captivity had a new appendage grow to the length

of an inch and a half in less than three months. The female has a special place,

some crevice in a tree, to which she repairs every little while and deposits an egg,

sometimes these are found to the number of eight or nine, firmly glued together, and

containing embryos in different stages of development.

The flying-gecko, Ptychozoon liomalocephalum, is well worthy of notice, being

among the lizards what the flying-squirrel is among the rodents. The toes are well

spread apart, armed below with a single series of undivided transverse plates, and all

but the thumbs are terminated by claws. The most wonderful developments, however,

are the wing-like expansions of the skin, which appear as horizontal plates, extending

from the sides of the head, body, and tail, and continued as flaps on each side of the

limbs, and as webs between the toes. These dermal expansions are only used when

the animal is leaping ; they then act as a parachute, in the same way as the so-called

wings of the flying-dragon. When at rest, a series of muscles draw them close to the

body, so that they offer no hindrance to the animal's movements.

The flying-geckos are very beautiful and interesting. Cantor observed a pair

which he kept for some time in confinement. The power of changing the shade of

the body was possessed only to a limited degree. The female, after neglecting for

some time an egg which she had laid, finally disposed of it by using it as food. The
male was also equally economical, always devouring his exuviated skin.

The Xantus gecko, Phyllodactylus xanti, was described in 1863 by Professor Cope

from a specimen obtained at Cape St. Lucas by the jjerson to whom it was dedicated.

Since that time several more have been captured in the same locality. They are about

nine inches in length, and ornamented with fine blackish cross-bars, which continue

on the tail as rings. Diplodactylus imctus is also a native of Lower California, where

it is called the St. Lucas gecko. It differs from P^ xanti, which it about equals in

size, in sevei-al structural peculiarities, though both genera are alike in having the toes

provided along the under side with two rows of membranous plates.

The family Eublepiiaeid^ includes a small number of gecko-like lizards, which

differ from the members of the previous family, howe\er, in having the vertebriE pro-

coelian, i. e., with the centra concave anteriorly, and in a few other skeletal peculiarities.

Three genera are included, one from each of the three continents, Asia, Africa, and

America.

JEubkpharis hardwicMi is a rare form inhabiting India, where it ordinarily passes

for a gecko, though on examination it is evidently of entirely different habits. Its

toes, not being compressed or dilated, prevent it from climbing any plane of more

than ordinary inclination, while the short, stout claws, show it to be a terrestrial
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animal, which habit is also indicated by its ordinary scaly toes. The bodv, as well as

the head and limbs, are covered with tubercles of varying size, while the lower parts

are protected by small imbricate scales. The tail is thick and cylindrical, and covered

with rings of small sub-quadrangular scales, which on its dorsum appear as flat

tubercles.

The American genus Coleonyx is represented in Texas, California, and the Colo-

rado desert by a rare animal, C. variegatus, or the variegated gecko. In coloring, it

is, above, of a brownish yellow, ornamented with irregular blotches of reddish brown,

which sometimes are arranged as transverse bands. Along the edges of the eye-lid,

as well as the entire under surface, a pure white color obtains. The toes bear claws.

Psilodactylus is an allied form inhabiting West Africa.

The family IJEOPLATiDyE is the first of a large number of families which resemble

each other in having the tongue either smooth or covered with villose papillae, never

Fig. 237. — Pygopus lepidopus.

with scale-like papillas, and in having the proximal portion of the clavicle dilated. It

has the vertebrae concave on both faces, and several peculiarities in the arrangement of

the bones of the head. But a single genus, Vroplates, is known, of which U.fitnbri-

atiis, the famocanti-ata, inhabits Madagascar, and was first mentioned in an early his-

tory of that island in 1658. It is a peculiar animal with webbed toes, and with a

series of fringes passing down the sides of the head, body, and tail, which latter is

described as being much shoi-ter than the body, and oar shaped. The natives, from

the animal's habit of running at them with open mouth, jiarticularly dislike this harm-

less form, even considering it to be of a poisonous nature, and pretending that, by its

membranes, it so adheres to the breast, the portion of the body which they claim it

always attacks, that a i-azor is necessary to free it from the skin.

The family Pygopodid^ is represented by the genus Pygopus, which is found in

Australia, and has the body cylindrical and elongate, the eyelid rudimentary, im-
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movable and scaly, and only a single pair of limbs, the posterior, which are scaly and

undivided. P. lepidopus has the scales of the back keeled, and the pre-anal pores

numerous. In its general structure and habits it resembles Fseudopus. Delma is an

allied genus, having smooth scales, no pre-anal pores, and shorter rudiments of hind

limbs, while Aprasia, of the same habitat, western Australia, has no indication of

limbs whatever.

We now come to one of the more interesting families, the Agamid^, which is

represented in the eastern hemisphere by several acrodont genera.

Aciama proper has the body covered with keeled scales, the head triangular, the

tail round and covered with imbricate scales, the femoral pores absent, and the pre-

anals in a row across the abdomen. A. ecelaticeps inhabits the warmer portions of

Africa, being particularly partial to diy and arid localities, where it is very watchful

and suspicious. If it cannot intimidate the object of its disturbance by its gesticula-

tions, it quickly retreats and conceals itself.

The genus Calotes inhabits India and Ceylon, and includes several species which

resemble each other in having the tympanum naked; the scales of the back and sides

equal, regularly arranged, and their tips directed slightly upward ; the dorsal crest

formed of non-united spines ; the gular sac but slightly develojjed ; the sub-candal

scales as broad as long, and the femoral pores absent. The representatives are all ar-

boreal, feeding oh insects, tender leaves, and berries. C. versicolor, the so-called

' blood-sucker,' is one of the most common animals of the whole continent, extending

north into the cooler zones of the Himmalehs. The vernacular name was perhaps

given because of the occasional reddish hue of its throat. ,The female deposits her

eggs, sometimes to the number of sixteen, in the hollows of trees, or in holes which

she digs in the earth ; the young appearing after a lapse of eight or nine weeks.

During and after showers these animals often descend to the ground, to search for the

numerous larvae and small insects which are washed from the trees.

The genus Draco is characterized by a most remarkable growth along the sides of

the body, the skin being horizontally spread out as a parachute and supported by five

or six false posterior ribs. A pendant appendage like that of the iguana is also

present.

The members of this genus, the flying-dragons, are confined to the East Indies,

where they lead an arboreal life, lightly shooting from tree to tree by means of their

expanded pai-achutes, or, with these folded to the side of the body, running along like

ordinary members of the order, and resembling in their general habits the Anoles of

the New World. The several species are extremely similar, the distinctions being

chiefly based on the relative length of limbs, the position of the nostrils, and the gen-

eral scutellation. The tail is undoubtedly of considerable assistance in directing their

course through the air ; to this end it is long and slender, and more firmly articulated

than that of less aerial relatives. Cantor, in speaking of the flying-dragons, says:

" The transcendent beauty of their colors baflles description. As the lizard lies in the

shade, along the trunk of a tree, the colors at a distance appear like a mixture of

brown and gray, and renders it scarcely distinguishable from the bark. Thus it re-

mains with no signs of life except the restless eyes, watching passing insects, which,

suddenly expanding its wings, it seizes with a sometimes considerable, unerring leap.

The lizard itself appears to possess no power of changing its colors."

The several species, of which there are fourteen, are between seven and eight

inches in length. Three or four whitish eggs are occasionally found in the females.
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D. volans inhabits Java, Sumatra, Borneo, and has been taken at Singapore and

Penang.

The frilled-lizard, Chlamydosaurus kingii, is an animal of considerable size, nearly

reaching the length of three feet, and inhabiting Australia. It is provided, when
adult, with an enormous frill or collar attached on each side of the neck behind the

ears, which ordinarly lies upon the sides of the body, though, when the animal is ex-

cited, the structure is quickly elevated and brought forward, like an inverted umbrella,

and being beset on both sides with large keeled scales, is of considerable value as a

shield of defence.

Fig. 238.— Chlamydosaurus kingii, frilled lizard.

Captain Grey, in writing of this animal, says :
" As we were pursuing our walk in

the afternoon, we fell in with a specimen of the remarkable frilled-lizard. It lives

principally in trees, though it can run very suiftly along the ground. When not pro-

voked or disturbed it moves quietly about, with its frill lying back in plaits upon the

body; but it is very irascible, and, directly it is frightened, it elevates the frill or ruff,

and makes for a tree, where, if overtaken, it throws itself on its stern, raising its

head and chest as high as it can upon the fore legs, then, doubling its head underneath

the body, and displaying a very formidable set of teeth from the cavity of its large

frill, it boldly faces an opponent, biting furiously at whatever is presented to it, and

even venturing so far in its rage as to fairly make a charge at its enem\-."
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The genus JUstiurus has the compressed back and tail armed with a crest; that of

the tail being much the larger. A representative is the sail-lizard, H. amboinensis, so

called from the enormous perpendicular developme,nt surmounting its tail. It is one

of the largest tree-lizards, being nearly four feet ill length, and is of a general brown

color, shading into green on the neck and head. The animal is chiefly known through

the writings of Valentyn, the early Dutch traveler and divine, who found it in the island

of Amboyna, where it lived in the woods and thickets bordering streams. The diet, be-

sides seeds and berries, is made up of water-plants, worms, millepedes, and such like.

When it is frightened it seeks safety by diving and hiding under some submerged

rock, from which retreat, being exceedingly stupid, it will allow itself to be taken in

Fig. 239.— Moloch Iwrndus.

a net, or may even be grasped by the hand, not offering the slightest opposition to its

capture. The natives destroy large numbers of them for food, the flesh being white,

tender, and very palatable.

The genus Phrynocephalus is restricted to central Asia, and may be recognized by
the stout head and anteriorly directed nostrils. The tongue is not notched, but

slightly pointed ; the eyes small, with well-developed lids, of which the upper is rudi-

mentary and hidden below the projecting superciliary ridge. The body is much
depressed and covered above with minute scales, which along the sides become granu-

lar ; the legs are well developed and are without piores. The tail is said to be prehen-

sile, though this is doubtful.
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The Australian moloch, Moloch horridus, is one of the most repulsive creatures of

nature. While many of our lizards are protected by thorny scales, and some of the

Phnjnosonias have the head armed with horns, the moloch actually bristles with

strong, conical spikes, those surmounting the crown and those over the eyes being par-

ticularly long and stout. On the back of the neck is a large rounded protuberance

covered with spines and having the appearance of a second head. The larger spines

of the back and sides are simply conical growths of skin capped by a thin horny cover-

ing, and supported by surrounding dermal outgrowths of a similar nature, though

of smaller size.

XioZejoAis, a native of the Malay Peninsula and China, is represented by but a

single species, Z,. sulcatus, which reaches a length of about twenty inches. The
genus is characterized by having the tympanum naked ; the scales small and without

keels, the femoral pores present, and by having, and chiefly, the skin of the sides of

the body capable of expansion into wing-like organs, which are supported by very

long anterior sjjurious ribs. When the animal is in a state of repose, or is simply

wandering among the branches, these organs are appressed to the sides of the body

and appear as mere longitudinal dermal folds. But when wishing to pass to some re-

mote position, or if merely agitated by sudden fear or anger, the six anterior ribs,

which are greatly elongated, are brought forward, expanding the membranous skin, to

which the fore and hind limbs are juxtaposed, and the thus greatly expanded reptile

sails off to a neighboring tree, as gracefully as the flying-squirrel. These lizards are

naturally very active, and will defend themselves with tooth and nail on being cap-

tured. In confinement, however, they soon become tame, and feed on rice and soft

fruits.

The genus Stellio has the tympanum naked and the body depressed ; the scales are

spiny on the tail and unequal in size. No pores are present. S. tuberculatus inhabits

India, and is dusky brown above, speckled with black, and below whitish passing into

green on the throat. They ha\e been found on the mountains of Thibet as high as

15,000 feet. Specimens over a foot in length are rare. 8. vulgaris, called 'hardim'

by the Arabs, is found in those countries bordering on the eastern Meditei'ranean, and

is particularly abundant about the ruins of ancient buildings, where, during the

warmer portions of the day, they may be counted by the hundreds. They are always

busy, scrambling over the hot surfaces of the stones after flies and ants, only stopping

to nod their heads,— a habit, by the way, which has resulted in the death of many an

innocent, the Mohammedans supposing that the reptiles are mocking in derision their

form of worship. Tlie hardims are of an olive-green color shaded with black, and

below a pale yellow.

The members of the family Iguanid^ are plurodont lizards confined to the

warmer portions of the New World. The body, in the more typical forms, is laterally

compressed and supported by limbs M'hich are designed for an arboreal life, though

forms like Phrynosoma may be depressed and terrestrial, while others of different

habits may have the body adapted to an aquatic life.

The genus Polychrus has the quadrangular head covered with numerous appressed

shields; the back without a crest; the skin of the gullet compressed into a small

dewlap, and the body covered with smooth scales, which allow the changes in colora-

tion below to be easily studied. P- mannoratus, the marbled Polychrus, inhabits

Brazil and Central America.

The genus Iguana, the one most typical of the family, has the head pyramidal,
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and often raised along the crown like a helmet ; the tongue thick, and but slightly

notched, and the dorsal crest well developed. The tuberculatcd lizard, I. tuberculata

of the West Indies and South America, is the most familiar type both in illustrations

and as museum and menagerie specimens. To those unfamiliar with the animal, it

presents an uncouth and most repulsive appearance. Its compressed body, high

dorsal ridge, and enormous dewlap give to it more the appearance of some taxider-

mist's fancy than an animal naturally designed and modified. Though in confinement

slow and inactive, it soon learns to know its keeper, to whom it shows a decided

preference. In their native haunts, during the warmer portions of the day, they

climb some low tree and stretch themselves in the sun, their tail hanging down like

that of a snake. When thus basking they are not easily aroused, and, perhaps trusting

too much to their j)rotective color, can be closely approached without evincing any

alarm. The natives take advantage of this indifference, and while the animal thus lies

gently eyeing the intruder, a noose attached to a long stick is slipped over its head, and

the unsuspecting animal immediately finds itself jerked from its elevated position to

fall a victim to the omnivorous appetite of man. Being an exclusive vegetarian, feed-

ing on flowers, fruits, and fungi, and especially on the leaves of the mangrove, its flesh

is palatable, and is white, tender, and nutritious. The pious Pere Labat gave, two

centuries ago, a very interesting account of the manner in which he saw them cap-

tured. " We were attended by a negro who carried a long rod, at one end of which

was a j)iece of whip-cord with a running knot. After beating about the fcushes for

some time the negro discovered our game basking in the sun on the dry limb of a

tree. Hereupon he began whistling with all his might, to which the guana was won-

derfully attentive, stretching out his neck and turning his head as if to enjoy it more
fully. The negro now approached, still whistling, and advanced this rod gently,

began tickling with the end of it the sides and throat of the guana, who seemed

mightily pleased with the operation, for ho turned on his back and stretched himself

out like a eat before the fire and at length fell asleep, which the negro perceiving,

dexterously slipped a noose over his head, and with a jerk brought him to the ground.

And good sport it afforded, to see the creature swell like a turkey-cock to find himself

entrapped. We caught more in the same way, and kept one alive seven or eight days

;

but it greaved me to the heart to find that he thereby lost much delicious fat." Not
only are the iguanas captured in this way, but they are often chased to their burrows

or treed by dogs trained for the purpose. They are ordinarily captured alive, and

carried to market by people who thus earn a living at certain seasons of the year.

The tuberculatcd lizard does not often exceed the length of five feet.

The naked-necked iguana, I. delicatissima, also inhabits the more tropical portions

of America, and is, too, an important animal for food. In general form and habits

it resembles its more abundant relative, though the neck has no large tubercles, and

the cuticular appendage of the chin is small and with only few denticulations. The
horned-iguana of San Domingo, J. comuta, is characterized by having a conical osseous

point between the eyes, and two raised scales on the nostrils. Though, like the

previous species, the scales along the jaws ai-e well developed, there are no tubercles

on the neck nor broad plate below the ears. The teeth of this and other related

iguanas are very peculiar and chai-acteristic. Not only are they placed along the in-

side of each jaw, merely attached instead of inserted into alveoli, so that the reserve

of incipient teeth have little difficulty in supplying the place of those broken off, but

the crowns of the teeth are laterally compressed, and the edges denticulate, bearing
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in outline a shape not unlike that of a rounded elm leaf. This structure is very

characteristic and has been of considerable value to geologists, as, on finding teeth of

a similar nature in several of the Dinosaurs, they are ujsheld in inferring that these

extinct forms had many points in common with the more recent.

Mr. Darwin gives a most interesting account of the lizards of the genus Amhly-

rhynchus. These animals are restricted to, and characteristic of, the Galapagos

Islands, a small archipelago lying on the equator, five or six hundred miles west from

the Pacific coast of South America. The generic name has been given to these pecu-

liar reptiles because of their abbreviated snout, the head being formed like that of

some of the sea-turtles, and though the two species are both vegetable feeders, and

Fig. 240.— Amblyrhyiwhus cristatus, Galapagos lizard.

ai-e acknowledged to be of the same genus, they are of the most opposite habits, one

being purely marine, never retreating but a few feet from the shore, and feeding exclu-

shely on seaweeds, while the other is terrestrial, feeding on cacti and acacia leaves.

A. cristatus, the marine representative, is very abundant on all the islands of the

group, in some situations so congregating as they lie basking in the sun as to almost

line the rocks along the shore. Though allied to the iguana, the tail is laterally

compressed and serves as the chief organ of locomotion, as the animal by horizontal

flexions of its body, propels itself through the water ; the limbs, with the partially

webbed toes, being appressed to the sides and only used to give an occasional push

as the animal glides along near the rocky bottom in search of the soft green
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foliaceous seaweeds (UIvsb), plants which are also abundantly found on our shores.

Though so pre-eminently an aquatic animal, having been known to live for an hour

below the surface, it is a strange fact that on the apprehension of danger, whether

from land or sea, it invariably takes to the shore. This anomalous habit may be

explained by the fact that its original and only enemy may have been some preda-

ceous shark, to escape which its only safety was in flying to the shore, which by an

hereditary instinct became to it the only place of refuge. Mr. Darwin says : " It

is easy to drive these lizards down to any little point overhanging the sea, where they

will sooner allow a person to catch hold of their tails than jump into the water. They

do not seem to have any notion of biting, but when much frightened they squirt a

drop of fluid from each nostril. I threw one several times as far as I could into a

deep pool left by the retiring tide, but it invariably returned in a direct line to the

spot where I stood. It swam near the bottom with a very graceful and rapid move-

ment, and occasionally aided itself over the uneven ground by its feet. As soon as it

arrived near the edge, but still being under water, it tried to conceal itself in the tufts

of seaweed, or it entered some crevice. As soon as it thought the danger past, it crawled

out on the dry rocks and shuffled away as quickly as it could. I several times caught

this same lizard by driving it down to a point ; and though possessed of such perfect

powers of diving and swimming, nothing could induce it to enter the water, and, as

often as I threw it in, it retui-ned in the manner above described." The animal is of a

dirty black color and of about a yard in length. Of its breeding habits nothing is

known.
A. demarlii, the terrestrial species, differs from the previous in having the tail

cylindrical, and the toes without webs. The individuals of this species, though not

found in all the islands of the archipelago, are on some so abundant that it is with

considerable difficulty that a plat of ground, free from their burrows, large enough to

pitch a tent on, can be found. These burrows being dug at but a small angle with

the surface of the ground, are so poorly roofed over as to make traveling very difficult

and tiresome, the soil constantly giving way. The animals, which are somewhat

smaller than those of the previous species, are lazy, half torpid, and in their motions

semi-mechanical. When running along the surface of the parched soil they often

stop and doze, their eyes closed, and their hind legs awkwardly spread out. They are

diurnal, and seldom wander from their burrows, to which they immediately retreat oh

being disturbed, and with a most awkward gait. They ai-e not timorous, however,

often elevating themselves and watching one with the drollest expression. After

considerable irritation they can be made to bite, though they are otherwise perfectly

harmless. Those that inhabit the more arid portions of the islands, are compelled to

go for long periods without tasting water, though they consume great quantities of

the succulent cactus, to which plant they are very partial, as are most of the animals

of the locality. The birds seem to be well aware of the mild disposition of these

fanimals, as they not infrequently eat of the same fragment, and have been even known

to perch upon the reptile's back. These lizards, as well as their eggs, which are laid in

their burrows, are used as food by those— as Darwin characterizes them— "whose

stomachs soar above all prejudices."

Members of the genus Metapoceros are found on the islands of Navaza and Haiti,

where they are large and strong. The older specimens are peculiar in having, under

the basal joints of the third and fourth toes and the second joint of the third toe,

a number of scale-like scrapers.

VOL. III. — 27



418 LOWER VERTEBRATES.

The genus Cyclura was distinguished as early as 1825, when it was applied to

those lizards which have a general resemblance to the iguanas ; three species are now
known to inhabit the peninsula of Lower California. C. teres, the smooth-backed

Oyclura, has a length of about twenty inches, and is of a general dark-green color

Like others of the genus it has a loose fold of skin below its throat, a structure

that is maintained by some to be indicative of an irritable disposition. The comb-like

spines appear as a low ridge running from the occiput to the sacral region, where

after a short interspace, the more prickly caudal crest begins, sending out laterally

about two dozen spiniferous branches, which extend as rings completely around the

tail, though the spines decrease: in size as they leave the dorsal line. On the inside of

Fig. 241. — Cyclura Lophuma^ great iguana.

each thigh is a row of seven glandular orifices. C. hemilopha has the scales of the

dorsal crest along the nape considerably elongated, though they soon diminish in size,

entirely disappearing at about the middle of the back. O. acanthura is the spine-'

tailed lizard described by Shaw in 1802. It is a rare animal, inhabiting Lower Cali-

fornia. C. lophoma is the great 'iguana' of eastern Jamaica, and is provided with

an elongated dorsal crest like the teeth of a saw. Like the lizards of the related

genus Iguana, this animal spends most of its time, during the warmer portions of the

day, lying out on the sunny branches of some tree.

The range of Sasiliseus- extends northward into southern Mexico. In novelty

of appearance this animal rivals the Australian ChlamydoaauTus. The basilisk proper
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is one of those animals mixed up in the superstitious traditions of the ancients, and

still regarded by some with the greatest awe, being to them the king of the reptile

race, bearing a crown as a symbol of his sovereign rule. It was thought that he had

no regular occupation, and that he feasted on an egg laid by a cock and incubated by

a snake, though that the egg was thus incubated was denied by some ' naturalists,'

who maintained that a toad performed that arduous task. From the glance of this

v\^J-

Fio, 242. — Basiliscus mitratus, basilisk.

mighty reptile's eye, death and destruction spread. " This poison," writes an author,

" infecteth the air, and the air so infected killeth all living things, and likewise all

green things, fruits and plants of the earth ; it burneth up the grass whereupon it

goeth or creepeth, and the fouls of the air fall down dead when they come near his

den or lodging; Sometimes he biteth a man or beast, and by that wound the blood

turneth into choler, and so the whole body becometh yellow or gold, presently killing

all that touch it or come near it." The cock was the only animal before whom this
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terrible reptile would cower, and that the travelers of \he deserts might be protected,

they often carried with them a supply of these loud-voiced chanticleers.

Such are the traditions connected with the name of a harmless, inoffensive animal,

seldom exceeding the length of three feet, and inhabiting the forests of Guiana and

Martinique. It differs from the other members of the family in not possessing the

long extensible skin of the throat, and in being provided with an elevated unsegmented

crest along its back, and a second along the dorsal side of the tail, which is strength-

ened by the elongated spinous processes of the vertebral column. Though it might

be inferred from the compressed tail that the animal is aquatic, such is not the case,

as it lives an arboreal life, preferring the low branches of trees in the neighborhood of

some quiet brook. Upon the occiput is a most singular hood-shaped crown, which is

said to be capable of considerable distention.

Fig. 243. — Anolis prinGlpalis, 4-niencaii cliaiiieleoii.

The widely distributed genus Anolis is represented in the United States' by two
species, of which A. principalis, inhabiting the southern states, is by far the most
abundant, and is known as the American chameleon, or scorpion. The figure of

this animal is considerably enlarged, as its body seldom exceeds the length of three

inches and a half, though the elongated tail may be half a foot in length. The
entire animal is covered by minute scales, those of the jaws and head being somewhat
larger, and regularly arranged. The gape of the mouth is capacious, and the ear

opens just back of its commissure. The dewlap extends from the chin to the ster-

num, and by a special arrangement can be vertically expanded like a fan, when it is of

a deep red shade, or may be retracted so as to be scarcely visible. Though the gen-

eral color of the animal below is white, above it may assume almost instantly shades

varying from a beautiful emerald to a dark and iridescent bronze color.
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The chameleons are particularly abundant about cemeteries, finding a ready means

of retreat in the chinks of the old oven-like tombs of the south. They are not confined

to these situations, however, but abound everywhere; on fences, plank-walks, wharves,

dry weeds, and brushwood. When on the broad green leaves of the palmetto, when
searched for from above, they ai-e with considerable difiiculty jjerceived, so exactly

is the color of the leaf counterfeited ; though, on looking on the lower side of the

leaf, their dark shadow is very distinct. Few animals exhibit mimicry of color to a

greater extent than does this. Not only is the color constantly changing and passing

from light to shade, but a passing cloud may cause the customary bright emerald to

fade. When surprised, the ' chameleon ' eyes the intruder, remaining perfectly motion-

less until some action frightens him, when, with a dart, he is out of sight, all but his

caudal appendage, a bit of vanity which is seized upon by the collector, and as it is

better articulated than that of lizards' tails generally, its owner, though involuntarily,

falls a victim to " the bottle." But not always does he value his tail more than life

;

after a short struggle he often frees himself, leaving a bit of it behind, and scamper-

ing around bob-tailed until the lost jDart is renewed. The Anolis has many enemies to

contend with, of which the most common and most uncompromising is the cat. It is

said that this animal will leave anything— meat, birds, and even fish— at the slightest

chance of securing one of these lizards.

From an economic standpoint the Anolis is a most important agent in restricting

the inordinate multiplication of insects, of which it devours great numbers. Though
retiring early and sleejjing late, they are abroad and at work during the warmer por-

tions of the day, when their prey is most abundant, and when other insectivorous

animals seek the quiet of retirement.

Two species of Anolis, iodiurus, and opalinus, are very abundant m Jamaica,

where they entertain the visitor by their gambols and scrimmages. Indoors they are

very abundant, scrambling over the furniture and walls in search of insects, being

particularly destructive to the ants, and not infrequently do they jump on one's

clothing without evincing the slightest fear, all the time changing their hue from

shades of golden green to dark bronze brown.

The genus Sceloporus includes a large number of American lizards which have the

head covered with small shields ; the back and tail with large keeled scales ; the belly

with smooth scales, and the femoral pores large. The members have until lately been

included under the name Tropidolepis.

Sceloporus consubrinus is very generally distributed over the west, and extends

north to the Yellowstone. In Arizona it is not only abundant with other lizards in the

desert portions of the south, but is also a common inhabitant of the high, dry plains

of the mountains. S. gratiosus is a second widely distributed species. It has the

scales of the back larger than those of other portions of the body. It inhabits the

sandy situations along the Colorado River, and other similar localities in the west.

The different individuals present considerable variation in color, due to the surround-

ings of the frequented situations. S. spinosus, an inhabitant of Texas and Mexico,

reaches nearly a foot in length. Its rough carinate scales would give it a most repul-

sive appearance were it not that the reptile is beautifully maculated with purplish

black blotches. The ear opening is armed by three projecting sjjines, and the body

has about a dozen dark spots each side of the dorsal line.

Of about a score of species of the genus found north of Central America, but

a single representative, S. widulatus, crosses the Mississippi. This species extends
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nortliward to the Ohio River, and even into New York. It prefers the more sandy

localities covered with pine, and is often called the ' pine-lizard.' It is a most active

animal, quickly scurrying avray on being disturbed, and with such celerity that the

little reptile is in some localities called the ' swift.' Though elsewhere known as the

' alligator,' and ' brown-scorpion,' it is a most gentle and harmless animal, in con-

finement having many odd traits. When irritated it elevates its spinous scales, rap-

idly changes its color, and looks withal a most formidable antagonist. In its free

state it may be often seen basking in the sun, on some old fence, or perhaps among the

lofty branches of some tall pine, being so rapid in its movements that it can be cap-

tured only under the most— to the collector— favorable circumstances. In its coloring

it is a beautiful animal. The dark chestnut back is banded with half a dozen undu-

lating black stripes, having along their posterior borders a pair of light-gray blotches,

those of a side often becoming contiguous. The silvery abdomen is ornamented on

each side by a broad and elongated patch of a blue or green color, bordered with

black. The tail, which considerably exceeds the body in length, is slender, and of a

dusky color, banded transversely with black.

The genus Uta is of particular interest to American Kerpetologists, from the fact

that it combines some of the characters of Sceloporus, as the similar shielding of the

head, and in being provided with auditory apertures, with the general body scu-

tellation, neck-ring, and disposition of pores of Solbrookia. Uta differs from both

genera, however, in having the scales of the tail much enlarged, calling to mind the

same appendage of Crotaphytus.

Uta stanshuriana, one of the most beautiful and graceful lacertilians peculiar to

North America, has the slender and elongated tail provided with large, vertically

arranged scales, and the lower surface of the neck with a transverse sub-lingular fold

in addition to the pectoral. The color above is blackish-brown, marbled with lighter

dots. Below it is of a uniform greenish-yellow, variegated with brownish-yellow

bands. Stansbury's uta has a wide distribution along the Pacific coast, Lower Cali-

fornia, the Sonoran region, Nevada, and the valley of the Great Salt Lake. Within

this territory are also found about half a dozen other members of the genus.

Dijososattrus is another western genus, and has but a single species, D. dorsalis,

specimens of which have been captured along the Colorado and in Lower California.

On being surprised, this animal carries its body high above the ground, and, elevating

its tail like a squirrel, scampers over the sand to its burrow with great celerity.

The genus Crotaphytus, which has the head covered with small polygonal plates,

the jaws, pterygoid, and palatine bones armed with teeth; the auditory aperture

broad ; the femurs provided with pores, and the tail extremely elongated, is peculiar

to North America, and resembles Holhrookia in the general arrangement of the teeth,

and in having but a single occipital plate, though it differs in having the external

auditory apertures open. C. collaris was the first published species, and was described

from specimens collected by members of Long's expedition. It is now known to in-

habit the central region of the West, as far north as 40°- It is one of the most

active species of the group, and is quite difficult to capture alive. Dr. Coues endeav-

ored to keep several in confinement, but they proved untamable, and "not only

defended themselves with spirit and vigor, by biting when handled or irritated, but

sometimes assumed the offensive, leaping to attack to the full length of the cord

which confined them. Their behavior was in striking contrast to that of the horned

frogs picketed with them. The lizards lay sullen, but not cowed, watching every
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movement of the persons around them with glittering eyes, ready to spring upon an-

intruder without warning. They clung tenaciously to a stick or the finger, in which

they might fix their teeth, and suffered themselves to be suspended in this manner for

some time before relinquishing hold. 'Now and then they seemed to have a fit of

ungovernable rage, during which they leaped aimlessly about, and tugged persistently

at the cord. They refused to eat, apparently from pure chagrin, and all died within

a few days." C. wislizenii, inhabiting the country further west to the Pacific, and

south into Mexico, is closely allied. It probably lives on smaller lizards, as a species

of Cnemidophorus has been dissected from the stomach of one. C. reticulatus in-

habits western Texas. I learn through Dr. Yarrow that both species of Crotapliytus

are eagerly sought after by the lower classes of Indians of western Utah and eastern

Nevada. To capture them the Indians employ a long switch anned at one end with a

hook, which is generally made from a bent nail or piece of wire. With this instru-

ment the lizards are drawn from their burrows and then tied up with other unfortunates.

In the National Museum are several of these hooked sticks, some of which are from

the Apaches of New Mexico.

Uma has the ears distinct ; the palate without teeth ; the infraorbital plate very

Fig. 244.— Crotaphytus vnslizenii.

long; the imbricate labials oblique, and the claws long, slender, and straight. U.

notata is of a light pea-green color above, spotted with darker green, and beneath

white. It is a small form, the body being about two inches in length, in rare cases

found in the Mohave desert. Sauromalus ater, the alderman-lizard, though rare in

collections, abounds on Angel Island, in the Gulf of California. It is a large and
stout animal, sometimes exceeding a foot in length. The head is nearly as broad as it

is long, and the tail does not equal the body in length. Though the young are quite

gayly ornamented, the adults are of a reddish dirt-color. Callisaurus dracontoides is

represented by three varieties, which are known respectively as the Californian

dragon, inhabiting southern Lower California; the spotted-tailed dragon, found

around Sonora ; and Gabb's dragon, which inhabits the northern portions of Lower
California. The ear openings prevent the members of this genus from being con-

founded with those of the next.

The genus Holbrookia was dedicated to the American herpetologist, Dr. J. E. Hol-

brook, in 1850, by Girard, and includes a small lizard of most interesting struc-

ture, though of only ordinary aspect. Its resemblance to Crotaphytus is destroyed
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by its having no auditory aperture, and it is a much more stumpy as well as a smaller

animal. There are no teeth on the palatine bones ; a fold of skin crosses the pectoral

region, and only femoral pores are present. JT. maculata is rather short and thick

;

more so in the female than male, the entire length being between three and four

inches. The tympanum is covered by scales similar to those of the neck. Running
across the lower jaw from the angles is a fold of skin, smaller though parallel to the

second or pectoral. The general color is olivaceous brown, passing into dim violet

on the sides of the head, and ornamented on the back and sides by dark-brown

blotches.

Holbrook's lizard is found in the central and southern portions of the west, where

it inhabits the burrows of the prairie dog, Arctomys ludoviciana. H. propinqua and

texana are more limited in their distribution, being only found in Texas and the

neighboring portions of Mexico.

We now come to the more depressed members of the family, which, having the

legs short and appended more to the sides, give the animals a toad-like appearance.

They are mostly terrestrial, hiding in pits and holes of the ground, usually selecting

stony and sandy localities.

Few lizards are better known as objects of curiosity than those popularly called,

at home and abroad, ' horned or California toads.' From their odd appearance they

at once attract attention ; and liaving a most quiet disposition, seldom offering to bite,

and soon becoming accustomed to domestic life, they are seized upon as pets by trav-

elers, and have even been used as jeweliy, being tethered by a slender chain to a

breast-pin. Not only are they interesting from their habits while domesticated, but

many of their ways in nature are strange and unusual. There are no less than nine

different species of these animals inhabiting the country west of the Mississippi, from

Mexico to Dakota, all being included under the single generic title Phrynosoma, indica-

tive of their toad-like appearance. No genus of the order is more easily recognized

than this. The body is more or less circular in outline, extremely depressed, and cov-

ered above with spine-like scales, which extend on to and cover the short conical tail.

The solid sub-triangular head is jarovided with carina over the eyes, which are thus

placed in a groove and are minute. Strong horny spines are often developed from the

superciliary and temporal regions, as well as across the occiput. The pyramidal scales

of the back are greatly developed in P. cornuta, an animal which presents a most rough-

ened and spiny appearance. In P. jylMyrhinos and modestum the body is quite

smooth, and destitute of the roughness generally characteristic of the group. The
scales of the lower side of the neck and body are important in characterizing the sev-

eral species. On the breast and anterior portion of the shoulders the largest scales

appear, being here very prominent, acute posteriorly, and provided with strong ridges

or keels. The relative portions of the thighs are similarly protected, though with

much weaker scales. The legs are of about equal size, and used not for jumping, but

for running ; the popular name " toad " being given more because of the animal's gen-

eral appearance than from any relation to the Batracliians. Though the anal pores ar'e

absent, those of the thighs are present, and of different numbers in the sevei-al species.

Phrytiosoma douglassi is wide-spread over the entire western plains, extending its

habitat from British America into Mexico, and presenting two accepted varieties ; the

coloring of different individuals from different localities shows considerable varia-

tion, ranging from a uniform brown shade above, to a spotted or barred ornamen-

tation ; infrequently the sides of the head are red. Below, the color may be of a
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uniform pale gray, or blotched with brown. The young individuals are also different

from the adults, being of a more uniform and lighter color. The color of all Phryno-

somas, however, is due to a greater or less extent to the color of the soil on which

they live. Probably no reptile presents this peculiar adaptation more than do the

representatives of this genus ; often so accurately are the surrounding shades of color

counterfeited that it is impossible to distinguish the reptile. This coloration, more-

over, is not simply transitory, as in the chameleons and other lizards, but is more per-

manent, and only changes after the animal has been placed on a new soil for a consid-

erable length of time. In confinement, which may be easily effected by tying a small

string to the animal's horns, it is a most inoffensive creature, and though the larger

ones may at first offer a little resistance on being captured, they soon, with care and

kindly handling, become accustomed to a domestic life, and may become quite tame

Flu. 245.— PhryTiosoma orbiculare, horned-toad.

and live for months. They have been known to take milk and flies from the fingers

of their keepers. They are most bashful animals, when they think they are being

observed, as well as when roughly treated, depressing their bodies, and with closed

eyes feigning death to perfection. A little tickling along the side will bring them to

life, however, and please tliem hugely, they expressing their fondness for the opera-

tion by inflating themselves until they are nearly spherical. They also seem particu-

larly pleased if the rain is allowed to fall upon them. This contentment is only tran-

sitory, however, for no sooner is their keeper lost to sight than they try some plan of

escape ; shuffling away with a rapid gait, or seeking concealment by drawing the limbs

to the body, depressing the head, and with a few wrigglings, disappearing into the

earth. Phrynosoma orbiculare is a Mexican form.

It is said that the horned toads have special aversion for dogs, on the sight of one,

puffing up their body, lowering their horns in a most ludicrous manner, and hissing

like a turtle. Their food consists of flies and other small insects, ants being particular
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favorites. All Phynosomas are viviparous, the female giving birth to seven or eight

young at a time.

The Xenosatjeid^ is an intermediate group between the Iguanidae and the Angui-

da3. JCenosaurus, grandis is of about ten inches in length. The head and legs are

covered with close, rounded, smooth tubercles, which on the tail are arranged in regu-

lar rings. On the under side, the scutellation is made up of smooth and rather elon-

gated scales, which diminish in size posteriorly. Thus far it has only been captured in

Mexico and is probably of nocturnal habits.

The family Zonueid^ as now defined contains only three genera, Zonurus, Platy-

saurus and Chamcesaicra, all of which are South African, and resemble each other in

having the tongue simple, as well as in several osteological particulars.

Zonurus microlepidotus is represented by several local varieties, all of which prefer

the more rocky localities, perpendicular precipices being the favorite haunts of some.

They wander about on the narrow shelves in seai'ch of insects, or of some particularly

warm niche, where they can doze in the sun's rays unmolested. On being disturbed,

concealment is quickly found under some rock or in a narrow crevice, where, aided by

the prominences on the hinder edge of each temple, they so secure themselves as to

make it almost impossible to extricate them. Z. griseus is also a very abundant form,

and is widely distributed over southern Africa, where there is scarcely a stony knoll

or rocky retreat which does not afford habitation for one or more. The colors of the

individuals vary exceedingly, no two being similarly ornamented.

Platysaurus has the tail but poorly armed, and in general appearance is much
more elegant than the previous genera, which, however, it agrees with in its choice of

habitat, and in retreating, on being disturbed, into crevices and under stones, where it

is enabled, by its long, hooked claws, to retain a powerful hold. Its food is chiefly

composed of insects.

ChamcBsaura anguina has an elongated, angular body, covered with lengthened

scales and ornamented with longitudinal bands. Though provided with limbs, they

are of a most rudimentary character, being extremely small, and, instead of having

digits, each ends in a simple point. They are of no use in pi'ogression, and are simply

organs atrophied by disuse. C. anguinea is found in the more moist localities among
grass or stones, and in the vicinity of water. Though without feet, it is, by assuming

a serpentine movement, able to progress with great rapidity.

The Anguid^ includes a number of both Old and New World lizards, which are

characterized by several peculiarities of the bony framework, as well as in having the

anterior portion of the tongue retractile.

The genus Anguis has the body greatly elongated, sei-pentine, and terminated by

a lengthened tail. No appendages are present, and the shoulder-girdle, sternum, and

pelvis are rudimentary. The eyes are provided with movable lids and the ears are

concealed by the overlying skin. A. fragilis, the orvet or blind worm, inhabits

Europe and a portion of Asia, and was considered by Cuvier to be a serpent, so

much like these reptiles is it in its general appearance. In England it is very abun-

dantly found in the more retired localities, where it can pursue its prey unmolested,

though it is occasionally seen along the roadside, where its bright glossy body and

shining black eyes at once attract attention. From a popular mistaken notion, the

hai-mless animal is seldom made a pet of, it being considered poisonous. It has, how-

ever, i^roved to be an extremely interesting animal in captivity, though it is only with

the exercise of considerable patience, that it can be made to accustom itself to its
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new surroundings, and not break off its tail on the apprehension of danger ; a piece

of self-mutilation which is often resorted to, in out-door life, as a means of escape.

The animal is beautifully colored with red scales edged with white, and ornamented

along the sides with stripes of dusky brown. The adults seldom exceed the length of

twelve inches.

Though slow and deliberate in its movements, there is no reason for calling this

lizard a ' blind-worm.' The eyes are well developed and are indispensable to an

animal of insectivorous diet. The young, which are very hardy, are brought forth

alive, and to the number of six or eight.

Allied to Anguis is the Ophiodes of Brazil, an animal having the hind limbs rep-

resented by a pair of short, flattened, undivided, and pointed appendages, springing

from each side of the abdomen, and with eyes protected by movable lids. The genus

Jiarisia is found in Lower California and Mexico. It is peculiar in having no single

frontal plate. £. oUvaceus is dark olive green, with bars of dusky brown, and

beneath greenish white. Gerrhonotus is represented in the more western portions of

the country by several species, of which G. nobilis, inhabiting New Mexico and

Arizona, is, though of small size, one of the most beautiful. The body is slender

and elegant, supported by graceful limbs, and of a clear olive color. It is more or

less spotted with black, and crossed, from the occiput to the tail, by nine or ten trans-

verse, brown bands. G. principis, the Oregon lizard, has been captured in the Pacific

region, though it is rare. G. multicarinatus, the many-keeled lizard, is perhaps the

most abundant species. It is a slender and graceful animal, inhabiting the Pacific

and Lower California regions, and is characterized by having sixteen longitudinal rows

of strongly carinated scales extending along the back. The color is yellowish green,

irregularly banded with nai-row, brownish lines.

We now come to one of the most interesting of American lizards, the Opheo-

saurus ventralis, inhabiting the warmer portions of the United States, east of the Mis-

sissippi and south of the Ohio River. It chooses the drier localities, where it often

burrows into the soil, spending much of its time underground, and about the roots

of old trees. It is said to be quite frequently brought to light by those digging sweet

potatoes. Though destitute of feet, this peculiar lizard is able, by its serpentine

movements, to retreat, on being disturbed, with considerable swiftness, and is seldom

captured without injury; for the tail, the vertebriB of which are but poorly articu-

lated, is so brittle as to break off at the slightest blow. This fragility has given the

animal the popular name of ' glass-snake.' In coloring it is, above, of a yellowish

green shade, lined with black. Below it is yellow. The snout is long and pointed,

the ear-pits large, the eyelids well developed, and each flank is provided with what

is .ordinarily a deep groove, but which, on the animal's swallowing some large object,

appears as a tract of elastic skin, the rigid skin of the body generally being incapable

of expansion. The tail is cylindrical and elongate, being about twice the length of

the body. The popular belief that the tail, when broken from the body finally becomes

attached again, is explained by the fact that a new one soon grows out.

The family Aniellid^, including the Californian genus Anidla, is probably

degraded from the Anguidse. Anidla is destitute of limbs. The nasal shield is

so bent at its lower edge as to form a part of the labial rnargin, and inside of it is the

labial shield proper. A. pulchra is a most graceful and elegant creature, smooth and

glossy, and with the upper portions ornamented with narrow, brown, zigzag lines, pass-

ing the length of the body.
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The Helodeematidje includes the largest North American lizard, the Gila monster,

Heloderma suspectum. This animal, whose habitat is New Mexico, Arizona, and

the country lying southward, is, because of its poisonous nature, as well as from its

large size and peculiar ornamentation, a common object in the larger zoological collec-

tions and menageries, where it thrives on eggs, and at times wakes from its ordinary

stupor and is quite lively. In its native haunts it attracts attention by its strange

coloration, as it is of a deep black, ornamented with irregular blotches of orange, and

covered by a thick and rigid coat of small horny tubercles and scales.

Though the more incredulous scientist has questioniad the character given this

animal by the superstitious Indians and Mexicans, who regard it with the utmost fear,

maintaining that it possesses venom of a most virulent nature, a test was recently

made by Dr. Shufeldt, which is of considerable interest. He says, in giving an account

Fig. 246.— Heloderma horrida, Gila monster.

of an animal at the National Museum :
" It was in capital health and at first I handled

it with great care, holding it in my left hand, examining special parts with my right.

At the close of this examination I was about to return the fellow to his temporary

quarters, when my left hand slipj)ed slightly, and the now highly indignant and irri-

tated Helodei-ma made a dart forward and seized my riglit tliumb in his mouth,

inflicting a severe lacerated wound, sinking the teeth in his upper maxilla to the very

bone. He loosed his hold immediately, and I replaced him iu his cage, with far

greater haste, perhaps, than I removed him from it.

" By suction with my mouth, I drew not a little blood from the wound, but the

bleeding soon ceased entirely, to be followed in a few moments by very severe shoot-

ing ])ains up my arm and down the corresponding side. The severity of these pains

was so unexpected, that, added to the nervous shock already experienced, no doubt.
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and a rapid swelling of the parts that now set in, caused me to become so faint as to

fall, and Dr. Gill's study was reached with no little difficulty. The action of the skin

was gi'eatly increased, and the perspiration flowed profusely, A small quantity of

whiskey was administered. This is about a fair statement of the immediate symjj-

toms ; the same night the pain allowed of no rest, although the hand was kept in ice

and laudanum, but the swelling was confined to this member alone, not passing beyond
the wrist. Next morning this was considerably reduced, and further reduction was
assisted by the use of a lead-water wash.

" In a few days the wound healed kindly, and in all probability will leave no scar.

All other symptoms subsided without treatment, beyond the wearing, for about forty-

eight hours, so much of a kid glove as covei-ed the parts involved.

" After the bite our specimen was dull and sluggish, simulating the torpidity of

the venomous serpent after it has inflicted its deadly wound, but it soon resumed its

usual action and appearance, crawling in rather an awkward manner about its cage."

Dr. Shufeldt's conclusions, however, that the symptoms were no other than usually

follow the bite of an irritated animal, seem to be given a little prematurely. The
same reptile was afterward induced to bite the edge of a saucer, into which, during

the action, a secretion dribbled. This secretion, which was of a distinctly alkaline

nature, in contrast to the serpent-venoms, which are acid, was, in a small quantity,

injected into the breast of a healthy pigeon, and produced death in seven minutes.

On a second trial a small quantity was injected into the carotid artery of a rabbit, the

animal dying in one minute and thirty-five seconds. Different from the action of

serpent-poison, which affects the respiratory functions, the poison of lieloderma

attacks the heart and the spinal cord. The power of this portion of the nervous

system to respond to even powerful electric currents is abrujstly annihilated.

The family of water-lizards, the Varanid^, contains some of the largest animals

of the order. They are chiefly semi-aquatic, their elongated bodies and comi^ressed

tails enabling them to swim with considerable power. Much of their tin;e is spent

on shore however, and, though less active than when in the water, they are lively and

agile, several species being partly arboreal. All are carnivorous, feeding on different

water animals, and on the eggs of birds as well as those of the larger reptiles. Just

below each valvular nostril is a cavity of considerable size, from which the animal can

obtain a limited supply of air when below the surface, where it often remains for

considerable periods of time. Representatives are found in Africa, their true home,

and in Asia and Australia. They resemble each other, and are characterized by having

the snout produced, conical, and covered with non-imbricate shields ; the teeth acute

and compressed, and the tongue slender, terminating in a fork, and retractile into a

sheath at its base. The scales of the back are small, equalling in size those of the

sides, and arranged in cross-rows ; those of the belly and tail being square and arranged

in bands. The tail is long and generally compressed, and the toes are five in num-

ber and provided with strong claws.

The Indian water-lizard, Varanus draccena, sometimes exceeds the length of four

feet, the tail being longer than tlie body. The natives use the flesh for food, the

animal being quite abundantly found along the low lands, where dogs are trained to

hunt it. It is more or less subterranean in its habits, spending most of its time in its

burrows, though during the warmer portions of the day it wanders out, after smaller

reptiles and in search of ant-hills. T^ albogularis inhabits South Africa and some-

times reaches a length of four or five feet. It prefers the more rocky localities, seeking
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safety, on being disturbed, in the crevices, where it so clings on to the irregularities

of the sides as to make its capture almost an impossibility. If it be dislodged, how-

ever, it flies at its enemy with the utmost fury, not infrequently compelling it to retire.

The reptile's food consists of frogs, crabs, and small quadrupeds, for which it is often

seen lying in wait beside some spring or brook of running water. The superstitious

natives, who greatly dread the animal from a mistaken belief that it is poisonous,

Fig. 247.— VaraJius nilot'ums, mouitor.

noting this semi-aquatic habit, have become possessed of the idea that the animal is

sacred, and, if injured, has the power, by way of revenge, of producing drought.

The monitor, T^ niloticus, has the elongated tail with a double-edged keel above,

and the teeth rounded. As its name implies, this animal is an inhabitant of the !N"ile,

in which it spends most of its time, seldom going on shore except to search for

crocodile's eggs, of which it destroys large numbers. It is, in fact, a most important

animal, as it keeps these furious monsters from multiplying to an undue extent, by wa-

ging a constant war against them, not only by breaking open their nests and eating the
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eggs, but also by following the young in the water, where it can easily capture them, being

a most active swimmer. When full grown, the monitor— called so from the notion

that the animal gives an alarm on the approach of any poisonous snake— not infre-

'quently reaches the length of five or six feet. V. salvator even grows to a gi-eater

length. It is an inhabitant of India, and is also abundantly found in the more marshy

localities of the Malayan peninsula, where it is often seen among the branches of

trees overhanging some stream or pond, in search of young birds or lizards, and from

Fig. 248.— Teius teyw-xim.

iP/i?:y''^''

which, on being disturbed, even though it be at a considerable height, it plunges

into the water and quickly swims away to its hole under some neighboring bank

;

from which it is only too often dug out for food by the lower Hindus.

The family Xantfsiid^ is closely allied to the Teiidae, though it diffei's in having

the tongue but slightly- incised, and the skull of a different structure. The family

includes but a single genus, Xantusia, which has a slender, cylindrical body, femoral

pores, three folds of skin on the throat, the pupil vertical, and the eye unprotected by
lids. A single species, X. vigilis, inhabits Lowei- California.
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Of the Teiid^, all the representatives are New World forms, while the related

acrodont LacertidaB are confined to the Old "World. The genus I'eius has five toes

on each foot, the femoral pores distinct, and the throat with two cross-folds, between

which are the larger six-sided scales. In the young individuals, the teeth are plu-

rodont, pectinate in front, and three-lobed on the sides, but as the animal increases

in age the bone of the jaw grows up and around their bases, and the front teeth

become more rounded.

T. teguexim, or the variegated-lizard, as it is called by some, in allusion to the dis-

position of its colors, is of a green shade varied with black, and ornamented with two

series of white spots on the upper part of each flank. In some localities it is called

the safeguard-lizard, from the attributed habit of giving an alarm on the approach of

alligators, in the same way that the monitors of the Nile are said to make known the

presence of serpents. It is an animal of considerable size, sometimes reaching the

length of five feet, and, being bold and strong, is, when provoked, no ordinary enemy.

It inhabits the more retired situations of tropical Brazil, where it finds an abundance

of the small reptiles and insects on which it feeds.

Anieiva has the ventral shields broad and smooth ; the tongue elongate and

sheathed at its base ; the teeth compressed, and three lobed, and the feet ending in

five toes. Several species inhabit the more tropical portions of the New World.

A. dorsalis, the ground-lizard, is one of the most abundant reptiles of Jamaica, where

it is often seen by the road-side, as it is scratching in the sand, or peering out from

behind some fallen leaf. Always restless and active, it sometimes shoots along over

the short grass with such rapidity that it seems to fly. It is met with everywhere,

not only along byways, but in open pastures and cultivated fields, its beautifully

colored body, bright green e3es, and gentle manners rendering it a universal favorite

in spite of all prejudices.

Allied to Ameiva, but having the tongue free at the base, is Cnemidophoncs, a

genus represented in the United States by a dozen species, the most of which inhabit

the Rocky Mountains, though C. sexlineatus, the six-lined or striped-lizard, is abun-

dantly found in the southern states as far north as Virginia, and extending west into

Mexico. It is a lively little animal, running about on the ground with great swiftness

in search of insects, and often in the neighborhood of plantations, where its pi'ey

abounds. It is a timid animal, however, seldom wandering far from its retreat, and is

more or less crepuscular, being seen, the male and female often in company, towards

the close of day. The ordinary length is about ten inches, of which the tail

is more than half. The animal is dark brown above, marked with six yellow

longitudinal lines, all but two of which disappear on reaching the tail, which is

roughened by the carinated scales. Below, the scales are smooth, and of a silvery-

blue color.

C. tigris, inhabiting the Pacific slope, Utah, and the country lying south, has

four yellowish indistinct stripes along the dorsum, and while the back and upper

portions of the legs are covered with only minute scales, those of the lower

side of the body and legs, as well as those of the throat, are large and strong. On
the tail, which is cylindrical, and two and one half times the length of the body, the

scales are of a third character, being longer than broad, arranged in annular rows, and
more or less carinated.

The family Amphisb^nid^ contains some of the most degraded lacertilians,

though they have points of structure which connect them with the previous family.
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The snake-like body is unprotected by scales except in the region of the head and

throat, and the skin is divided by closely arranged, transverse constrictions, and by

more shallow longitudinal furrows into oblong divisions, which give the animals, often

assisted by their peculiar color, a mosaic-like appearance. The pectoral girdle is very

rudimentary, except in a single genus, and the sternum is never present. The pelvic

arch is represented by rudiments, though it never bears appendages. The bones of

the skull are firmly articulated together, and the. rami of the lower jaw are united in

front by an unelastic symphysis. The eyes are small and, like the ears, covered by

the integument. The teeth may be either placed along the ridge of the jawbone,

acrodont, or along the inside, plurodont.

The genus Amphisbcena has the teeth plurodont ; two large nasal shields, behind

which are two pairs of frontals ; the head flat with a rounded snout ; and in front of

the vent a transverse row of so-called pre-anal pores. The generic name has been

given because of a popular notion that the animal, which can progress in either way,

is provided with a head at each end, the short rounded tail resembling the head in

general outline. The sooty Amphisbsena, A. fuliginosa, is the most common species,

kUCNSUlA^NNs

Fig. 249.— Amphisbcena alba.

and is found throughout the warmer portions of South America, where it hides in the

ground, through which, like the earthworm, it tunnels its way in search of larvae. The
young of ants form the chief element of its diet.

JRhineura floridana is an allied form. This animal, the only native member of

the family, has been many times captured in Florida, where, from its habit of leaving

its subterranean home and coming to the surface after thunder showers, it has received

the name of ' thunder-worm.' It is of a dirty white color, on the upper surface of the

head becoming yellowish.

Also of subterranean habits, though differing from the other members of the

family in having a pair of small limbs terminated by five toes, is Chirotes, a genus

inhabiting Mexico and Lower California. The head is no larger than the rest of the

the body, the teeth are conical and slightly recurved, and the tongue, like that of the

woodpecker, is tipped with horn. On the abdomen is a row of pores resembling those

of Amphisbcena.

We now come to an Old World family, the Laceetid^, which is represented by
several genera.

J'seudopus is found in Europe and southern Asia. It has the body long and snake-

voL. ni. — 28
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like, the quadrangular scales arranged in transverse series, and the limbs absent or

represented by a single pair of appendages, unprovided with toes and placed at the

posterior portion of the abdomen. P. pcdlasi, a timid animal inhabiting the more cen-

tral portions of Europe and Asia, seldom wanders far from its retreat, to which it

quickly retires on the slightest apprehension of danger. It is said to be especially

fond of dark, wooded glens, where it can find the nests of smaller birds, feeding to a

considerable extent on their young. In its marking it is dull brown, a shade which

well harmonizes with its usual surroundings. P. gracilis, the Khasya glass-snake, is a

closely allied form inhabiting the Khasya Hills of India, but differs in being unpro-

vided with even the rudiments of limbs. Like other lizards having a longitudinal fold

of skin running along the sides, the scaly covering of the back and abdomen is so

rigid that it prevents the general distention of the body so characteristic of serpents

yiJ:^itj^^Sy.%

Fig. 250.— Ckirotes canaliculatus.

and some lizards ; food, however, of considerable size is allowed to enter the body

through the elasticity of these lateral folds, extensibility being here limited to a special

area, like that of Opheosaurus.

The genus Lacerta is abundantly found in the warmer portions of the Old Woi-ld.

These lizards are diurnal in their habits, the eyes being provided with connivant lids

;

and they run about over rocks and prostrate logs, seldom or never attempting to lead

an arboreal life. The scales are non-imbricate, simply appressed, and the limbs are

four in number and well developed.

L. agilis is a most familiar object of the country in England, as well as on the

continent, being popularly known as the gray or sand-lizard. In the warmer portions

of Europe these inoffensive creatures are very abundant ; and, though of fair size,

being sometimes ten inches in length, they are extremely agile, their movements being

so rapid that the eye can with difficulty follow them, as they scamper away over the
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ruins and debris. They are said to live in pairs ; the father and mother, while having

considerable mutual regard, assuming a most indulgent disposition towards their often

wayward offspring, leading them to situations where they may be warmed into activ-

ity by the sun, or sheltering them from the cold. All, at the beginning of winter,

dig for themselves little cavities in the earth, in which they coil up and sleep until

the approach of spring. L. viridis, the green-lizard, is found in Jersey and localities

around the Mediterranean ; a most beautiful animal, inquisitive, confiding, sprightly,

and courageous, it is always watched with interest. JL. muralis is abundant about the

ruins of southern Europe and on the islands of Sardinia and Malta.

Zootoca vivipara is peculiar in that the eggs are hatched while in the oviduct.

Fig. 251. — Lacerta viridis, green-lizard.

It is a very abundant animal throughout England, being particularly fond of heaths

and warm banks, where the female is said to lie in the sun for some time before the

young are born, that the eggs may be incubated by its warm rays. The scaly-lizard,

as this animal is popularly known, is very active ; and, being quite sharp-sighted, its

capture is anything but an ordinary occurrence.

Trachysaurus rugosus is one of the most peculiar creations of nature. The head

is short, pyramidiform, and distinct from the short, thick neck. The trunk is elon-

gated and bulky, and the tail is short, large, flat, and rounded at the end, and so

abbreviated as to appear at first sight to be a mere remnant, the rest seeming to be lost

by some mishap. The short, thick legs, terminated by toes which are armed with
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Stout nails, are too small to allow the animal any very rapid movements, the chief

source of protection being in the hard, thick tuberculate shields which cover the

entire upper side of the body, though below they become thin and smooth. About
this strange animal's habits but little is known. It has been captured in western

Australia.

The family Geeehosaueid^ includes but a single genus. Gerrhosaurus Jlavigu-

laris is a slender lizard, inhabiting South Africa, of about twelve inches in length,

and colored above with yellowish-brown, striped and banded with lighter and darker

shades. Localities covered with a thick growth of underwood seem to be the most

often chosen, the animals, on apprehending danger, concealing themselves by burrow-

ing under the dead leaves or loose earth. Specimens are distributed over a wide area.

Rw

rfV^.n,

Fig. 252- — Trachysaurus nigosus.

from Cape Colony as far north as the Tropic of Capricorn. G. bibroni inhabits the

shaded ravines of the Orange River, while G. typicus prefers the dvj plains, over the

sand of which they scamper with most extraordinary rapidity, it being almost impos-

sible for the eye to follow them in their flight. They are also active burrowers, and,

on being disturbed, often conceal themselves in the loose sand, though only to a mode-

rate depth.

ScnsroiD^ includes a large number of terrestrial lizards inhabiting the more tropi-

cal countries generally, and protected by a covering of smooth bony plates, which, on

the crown, are regularly arranged, like those of serpents. Skinks are found secreted

under old logs, bark, and dead leaves, or in shallow burrows in loose earth. They

are oviparous, and the eggs, to the number of ten or a dozen, are hid away in those

situations.
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The genus Cydodus has the scales thick and round, the body with four short, five-

toed extremities, and terminated by a rounded tail. The lower eyelids are scaled.

C. gigas, of Australia, is one of the largest members of the sub-order.

Scincus has the body elongated and provided with four limbs, each bearing five-

fringed digits ; the head elongated and flat
;
palatine teeth present ; openings of the

nostrils in the middle of the triangular supranasal shield, and the under eyelids cov-

ered with scales. Though once made to include several species, there is now but a

single representative. The common or ofiicinal-skink, S. officinalis, is a native of

south Africa, and inhabits the more sandy localities, where, by means of its peculiarly

shaped feet, it so quickly buries itself beneath the surface, on being surprised, that it

seems to glide into an already formed burrow. Though the limbs are well developed,

the animal is only an ordinary walker, seldom wandering from its chosen locality, and

then only in search of small insects. To bask, half asleep and undisturbed, in the

j; J,1e^<-^'

Fig. 253. — Scincus officinalis, common skink.

sun, seems to be its chief delight, and, when thus indulging itself, is often quite indif-

ferent as to what may be going on around it. It has been named ' ofiicinal ' because

of the high esteem in which it was held by the medical quacks of the middle ages

;

its body, dried and reduced to a powder, being thought to possess the most wonderful

virtues, and was prescribed as a specific for nearly every disease of the human body.

The genus Seps has the body much more elongated than Scincus, the limbs are ter-

minated by only three toes, and the lower eyelids are transparent. The legs are

very weak, and are used but little as organs of locomotion, the animal being more

snake-like in its movements. Its teeth are small and simple, on the jaws only, and

adapted to seizing and retaining small insects, worms, slugs, and the like. S. tridac-

tylus is of , a gray color, striped with four longitudinal rows of appressed brown dots.

To this harmless animal, which inhabits the regions bordering on the Mediterranean,

have the ancients given a most frightful character. They maintained, and the belief
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is still current in some localities, that the seps would enter the shelters of cattle,

and, while these animals were asleep, would inocculate them with a most corrupting

poison. This attributed habit has given them a name which signifies, in the Greek,

corruption. /S. chcdcides inhabits Dalmatia.

Acontias has the legs entirely absent, the upper eyelid rudimentary, and no ab-

dominal pores. The type species, A. meleagris, is a south African animal, where its

habits are strikingly like those of the European blind-worm. It is possible that a

second species of this genus inhabits Ceylon. Nessia is an allied genus, having four

rudimentary legs, and represented by two species ; N'. burtonii, having the feet divided

into three minute toes, and JV. monodactylas, having the toes undifferentiated. These

small animals resemble the rhinophid snakes in their habits and general mode of life,

though their habitat is much more restricted, the genus having been found only on the

island of Ceylon.

(^J-^f'-i

Fig. 254. — 5e^s clialcides.

The ground-lizard of the southern states ( Oligosoma laterale) is in its habitat a

most familiar animal. While wandering through the woods of Louisiana, the noise

these little animals made as they scampered away was truly astounding. Not being

acquainted with them, my first impression was that I had disturbed a colony of beetles

;

but my mistake was soon apparent, for these reptiles were by far too abundant for all,

on being surprised, to find immediate shelter. If captured,— a by no means easy

task,— they make no violent effort to escape, but, with a most droll expression, they

eye their captor ; soon winning his confidence, but betraying it at the most unex-

pected moment, for with a quick struggle the tail is dropped ofE, and, before one has

recovered from his surprise, no lizard is to be seen, the tail only remaining, which for

some little time twists about with as much vigor as when attached to its owner.

This self-mutilation of the lizard offers a remarkable instance of protection. It
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will be seen that the animal, being comparatively slow of foot, cannot ordinarily seek

safety in flight, and having no organs of defence, it, on being attacked, breaks off a

portion of its tail, which, still alive and twisting about by reflex action, attracts the

attention of the enemy, and the lizard, unencumbered and unnoticed, glides into some

crevice, and is safe. The muscles of the tail are so arranged that they, by contrac-

tion, close over the place of amputation, and bleeding is prevented. From the thus

blunted appendage a new rudiment soon appears, which, in a short time, replaces the

lost part. It is stated, however, that the new growth differs from the original in hav-

ing the vertebras represented by an unsegmented cartilaginous rod.

The ground-lizard is, above, of a dark, shining, brown color, well harmonizing with

the shades of soil, dead wood, and roots on which it abides. Along each side, run-

ning from the eye above the insertion of the legs, is a black line, below which the

coloring lightens, the free skin of the throat being pink, shading into yellow along

the abdomen, and passing into a beautiful blue further back. Its more restricted

habitat is in the thick forests of oak and hickory of the Carolinas, Georgia, Florida,

and the gulf states.

The genus JEumeces is very abundantly distributed over the warmer portions of

the globe, the United States alone having over a dozen species, and is characterized

by having the scales thin, smooth, and polished ; the tail fusiform and smooth ; the

nostrils piercing a single plate ;
palatine teeth absent, the limbs well develoj)ed, and

each provided with five toes. Some species have the lower lids transparent.

Eumeces fasciatus, the blue-tailed skink, is the best known of the genus. Not

only is it abundantly found over a large area throughout the more central, southern

and eastern portions of our country, but it is a wanderer, coming to light not infre-

quently in remote situations. In coloring it is, above, of a deep, glossy green, orna-

mented with fine, narrow, yellow, longitudinal lines passing, on the tail, into a beautiful

ultramarine, a shade which is also adopted by the lines. Below, the animal is of

polished, pearly white. The total length is between eight and nine inches.

The blue-tail is a lizard which secretes itself between the loose bark of some tree,

and there lies in wait for small Coleoptera and grubs. Though it is a good climber,

it does not habitually ascend trees, but may wander unrestrictedly through the dark

interior galleries of those monarchs of past ages which are occasionally met with in

the midst of wild southern forests. During early morning, or dark days, when par-

tially chilled, the animal, though at other times so active, is indifferent and helpless,

often two or three individuals being found together, buried in the rotten wood at the

base of a stump, or in a hollow below some prostrate log.

A near relative, the Bermuda skink, U. longirostris, is the only living repre-

sentative of the order in this isolated group, though it is possible that at some early

date there existed larger species, like those of the Galapagos. Captain John Smith,

in speaking of these islands in 1624, says, " Lizards there were many and very large,

but-now none, and it is said they were destroyed by the Cat." A still earlier writer,

however. Rev. Lewis Hughes, in 1614, says, " Here is no kind of beast but hogges

and cattes and they but in one or two places which we thought to come at first by

means of shippe-wracke. The hogges were manie, but are now brought to a small

number."

In enjoying the sunshine, and in making a quick retreat, on being disturbed, as well

as in several other peculiarities of habit, the Bermuda skink resembles its better known

brothers of the continent.



440 LOWER VERTEBRATES.

JE. skiltonianum, Skilton's skink, inhabits the Pacific region, and has the body

greatly elongated, the tail, which is more subquadrangular than conical, being about

twice the length of the body. The limbs are small, and the scales, though elsewhere

smooth, on the back and tail present four or more longitudinal furrows or stripes.

E. a.nthracimis is found in the more mountainous regions from Pennsylvania to Texas.

HJ. egregius and onocrepis inhabit Florida. In the more southwestern territories are

several other species. The eggs of this genus are laid, to the number of ten or a

dozen, under leaves, stones, or the bark of trees.

The family Anelttropid^ includes a small number of degraded skinks. Typhline

has no limbs, and the pre-anal shield large and single. The eyes can be faintly dis-

cerned through the covering of skin. Specimens have been taken at the Cape of

Good Hope. Feylinia is also unprovided with limbs, but has the pre-anal scales nu-

mei-ous. It inhabits the coast of Africa in the neighborhood of Angora.

This family includes, under the head of Dibamid^, a still more degraded genus,

Dihamus, which has none of the osteological peculiarities which characterize the pre-

vious families. The posterior limbs only are represented, and these by mere folds

of skin. The pre-anal scales are undifferentiated. Its home is New Guinea.

The members of the highest family, the Chamjeleontid^, are all natives of

the Old "World, and are characterized by having the tongue worm-like, club-shaped,

in front, and very exsertile. But a single genus, the acrodont Chameleo, is repre-

sented.

The chameleons have the large and angular head covered with small, flat shields

;

the deep and compressed body with shagreen-like skin, and the tail, characteristic,

long and prehensile. The eyes are large and globular, and each can be directed towards

an object of its own : the eyelids are circular and pierced by a central hole ; the

tympanum is hidden, and the limbs, which are perhaps the most specialized organs of a

highly specialized animal, are capable of supporting the body, and terminated by feet,

which are converted into grasping hands by having the five toes arranged by their

union as far as the claws in two opposing groups. With the strong grasp of their feet

and with the assistance of the prehensile tail, it is almost impossible to shake them off

the branch on which they may be slowly feeling their way. On the ground or in the

water they are almost helpless. The eggs, protected by a calcareous shell, are de-

posited, to the number of ten or twelve, under decaying leaves.

The singular power of changing the color of skin is not alone possessed by the

members of this family, nearly all of the lacertUians having it to a more or less

degree. The phenomenon is brought about by there being two layei's of pigment

cells underlying the transpai-ent epidermis, the lower and darker, at the will of the

animal, or stimulated by surrounding objects, predominating over and through the

more superficial and lighter layer. Though the proper home of the chameleons is

Africa, where there are several species, they are found along the northern shores of

the Mediterranean, in Asia, and on the island of Madagascar.

Oedbr IV.— CHELONIA.

The members of this order present less variation in form than do those of any

other of the class. The body is invariably short and stout, and is, in all the known

forms, protected from above and below by a more or less bony investment, developed

ordinarily, directly from the osseous framework ; though some forms may have this
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armature produced by a secondary growth, the hardening of certain portions of the

dermal covering. In all cases the head, tail, and limbs are capable of being pro-

truded from between the margins of the thus formed plates, and may be modified for

special habits ; as broad and fin-like for marine, simply webbed for inland aquatic, or

short and stump-like for terrestrial life. Four limbs are always present ; and the jaws

are unprovided with teeth proper, being simply encased in horn, like those of birds.

As to the shield-like covering, it is of considerable importance to the systematic

zoologist, often presenting most distinctive chaj-acters. By reference to the illustra-

tion it will be seen to consist of two portions, the dorsal, or carapax, and the ventral,

or plastron, and to be divided into geometrically shaped portions, or plates of a horny

nature, which in no way follow the outline of the underlying bones. These plates are

255.— Diagram illustrating the dorsal and ventral plates of a turtle ; ai, abdominal ;
an anal

;
c, caudal

:
cos,

«tal ; g, gular ; i. Inguinal ; m, marginal ; «, nucbal
; p, pectoral

;
pa, pre-anal

; pg, post-gular
;
v, vertebral

,

Fig,
costal

. „ , _

X, axillary
.~

of considerable commercial value in some turtles {Chelonia) as they are the 'tortoise-

shell ' of commerce.

From the rigid portion of the vertebral column, the expanded processes of which,

together with the suturally united ribs, form the carapax, the flexible neck projects,

and is capable of being more or less completely retracted into the cavity of the shell.

The eight vertebra of which it consists are entirely destitute of ribs. Posteriorly, the

sacral portion of the column is bent down, free from the carapax, and terminated by

a flexible tail, which is, on the occasion of danger, not withdrawn under -the shield,

but simply bent round against the side of the body.

The bones of the head are firmly united to each other, the skull resembling that

of birds, though the cranial capsule is considerably less in size. The orbits are separ
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rated from each other by a bony septum. The internal ear is well developed, and the
nares open into the cavity of the pharynx, behind the palatine plate.

The sight of most turtles is very keen, and they are generally watchful ; though
the marine forms are often captured while apparently asleep, their heads resting on
some floating piece of timber. They are also not unfrequently rendered partially

blind from the stings of the Portuguese man-of-war, PhysaMa, a coelenterate of

which they are very fond. The eyes are capable of being protected by not only the
ordinary upper and under lid, but also by a third, like that of birds, a lateral nictitat-

ing membrane. Hearing in some forms is acute ; the fact that many, if not all, are

Fig. 256.— Sp?iargis coriacea, leather-back turtle.

musical, argues that their organs of hearing are well developed. The tympanum is at
the side of the head, and, like that of the frogs, is unprotected by either valves or
cavity. The senses of smell and taste, allied to each other, are but poorly developed.

The circulatory, digestive, and reproductive organs generally resemble those of the
lizards proper, though the Crocodilia are anticipated, and the birds to some extent
foreshadowed. Kespiration is effected by the swallowing of air, the rigid carapax
and plastron effectually preventing the expansion of the chest. All turtles are ovi-

parous.

While some of the families of the order of which we are now to treat contain gen-
era which may be enumerated by tens, and species by hundreds, the more embryonic
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and introductory family Sphaegid^ contains but a single genus, which is represented

by a single species.

As will be seen from the illustration, Sphargis coriacea, the trunk-back or leathery

turtle, is of a depressed top-shape, with the digits not separate, and those of the fore

limbs greatly elongated. The back differs from that of all other living turtles in pre-

senting no evidence of its costal origin, and the skin of the exposed portions of the

body is unprotected by scales. The animal is of most gigantic size, exceeding that of

any other member of the order ; specimens weighing over a thousand pounds being not

unfrequently captured. Though an animal of the widest distribution, it being found not

only through the temperate portions of the Atlantic, but even of the Pacific and

Indian oceans and the Mediterranean Sea, its habits are but little known, as it is in no

one locality sufficiently abundant to be profitably studied. An interesting account,

however, is given by an English oiBcer of a female captured in India.

" She was captured February 1, 1862, near the mouth of the Y^ River, on the

sandy beach of which she had deposited about a hundred eggs, when she was surprised

by a number of Burmese fishermen who had been lying in ambush near the spot (a

favorite resort of the common turtle, Chelonia virgata), and after a desperate struggle

was secured. Her entire length was six feet two and a half inches.

" The strength, aided of course by the enormous weight, of the animal was such

that she dragged six men, endeavoring to stop her, down the slope of the beach, almost

into the sea, when she was overpowered by increased numbers, lashed to some strong

poles, and brought into the village by ten to twelve men at a time.

" The eggs were spherical, of IJ inches diameter, and were as palatable as those

of the river tortoise are nauseous. Besides those the animal had laid in the sand, there

must have been upwards of a thousand in her ovaria, in all stages of maturity. The

flesh was dark and coarse, and very few of the crowds of Burmans assembled at Ye
to see the animal would eat any of it."

In 1880 a large leather-back was captured in a mackerel net off Cape Ann. It was

brought to the Summer Laboratory of the Boston Society of Natural History at

Annisquam, and from some of its flesh a soup was made, which all who partook

agreed was as good as that from the green-turtle.

The family Peotostegid^ has been established to provide for an enormous sea-

turtle, once inhabiting the bays of the western inland seas of geological times, and

at present known from fragmentary fossils.

This turtle, described as Protostega gigas, is characterized by having the protect-

ing shield not formed by the expansion of the ribs into a bony roof or plastron, but by

the development in the skin of large plates, having no sutural connection either with

each other or with the underlying ribs. Such fragments as have been found show

that the fore limbs must have been elongated and flat, like those of the sea-turtles of

to-day, while several other peculiarities, with this, make it quite likely that the ani-

mal's affinities are with Sphargis, one of the most ancient of existing turtles.

The family Cheloniid^ includes four genera of marine turtles, all of which are

found along the coast of the United States. They resemble each other in having the

feet compressed and fin-shaped, and, as well as the neck and head, too massive to be

retracted beneath the shell. The carapax is so broad and flat that when the animals

are placed upon their backs, they are helpless, and it is never osseously united with

the plastron. The head is large and rounded, and covered with bony shields. The

animals are strong and powerful, of enormous size, and frequently lead for months at



444 LOWER VERTEBRATES.

a time a pelagic life, repairing to the shore only to deposit their eggs, which are

buried, often to the number of two hundred or more, in the sand. Sea-turtles are of

considerable Talue as food, though the East Indian species are not as generally used,

because of the poisonous qualities supposed to be acquired at certain seasons of the

year. Extinct members of the family have been found in the tertiary deposits.

The genus Thalassochelys has fifteen vertebra,l and costal shields, which are thin

and not imbricate. The American loggerhead, T. caouana, is a carnivorous form,

living on fishes, crustaceans, possibly sponges, and especially on the soft parts, which

they obtain by nipping off the spire, of the large conches so abundant in the more

'if/UUIHBf^-'

Fig. 261.—Eretmoclielijs imbricala, liawk's-bill tui-tle, caret.

southern waters. It is found along the Atlantic coast, from Brazil to Massachusetts,

and is not infrequently captured about the southern shores of Europe and in the

Mediterranean. During the months of April, May, and June, their breeding season,

they are to be seen about the low, sandy islands of the southern and gulf states, when

they are much less suspicious than usual, allowing boats to approach quite near to

them, and are hence captured at this time in large numbers. At night the females

approach the shore, and dispose of their eggs, which, as well as those of the green-turtle,

are eagerly sought after by fishermen. For food, the flesh of this species is inferior,

being rank ancf tough. Instances of the loggerhead weighing over 450 pounds are

rare, much less in weight, it will be seen, than the green-turtle. An Indian Ocean
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species, T. oKvacea, has but a single claw on each foot. Its flesh is only eaten by the

Chinese.

Of the genus Eretmochelys but two species are known, both of which are found

along the coast of the United States ; E. imbricata from Brazil to the Carolinas, and

E. sqioamata, along the Pacific coast. They are at once distinguished from the other

sea-turtles, because of their small size, and in that the thirteen vertebral and costal

shields are imbricate.

The hawk-bill or caret, E. imbricata, is a carnivorous animal, living on the same

food as the loggerhead, but of a much more ferocious nature, snapping at whatever

may excite its rage, and in captivity using its strong jaws with no other apparent

reason than to pick up a quarrel. From an economic standpoint, the animal is of con-

siderable value, because of its so-called 'tortoise-shell,' the horny imbricate plates

covering the bony framework, which are in this genus very thick, and of such a nature

that by the proper application of heat they cleave away from the underlying bone

and can be warped or moulded after being immersed in hot water. It is of good
quality only when taken from the older individuals, and varies much in weight. The
c)aret of the Pacific is said to be sometimes roasted alive until the plates start from its

back ; these are torn off, and the animal is then allowed to escape. This cruel expe-

dient is resorted to because the shell is supposed by the ignorant fishermen to lose

much of its brilliancy if the animal has been dead for any length of time. The finest

tortoise-shell, however,— that taken on the Celebes,— is removed by the use of boiling

water after the animals have been previously killed. The flesh of the hawk-bills is

inferior, though their eggs are sweet and palatable.

The genus Chelonia, having thirteen large appressed plates on the back, is repre-

sented by an Atlantic and a Pacific species.

The common green-turtle, C. mydas, is found along the Atlantic coast, from south-

ern Brazil to Cape Hatteras, and is not infrequently seen in the Gulf Stream, and even

further north, a few specimens having been taken east of Long Island. This is the

most valuable of the turtles for food, and sometimes reaches the enormous weight of

eight hundred and fifty pounds. It is a vegetarian, feeding on the roots of Zostera,

the plant known in New England as eel-grass, though further south it is called turtle-

grass. When thus grazing, the roots only being acceptable food, the tops are allowed

to rise to the surface, where they indicate to the ' turtler ' the animal's whereabouts,

who, armed with a strong steel barb attached to a roj^e, and loosely fitted to the end of

a pole, carefully rows up to the unsuspecting animal, with a strong thrust plunges

the barb through its shell, withdraws the pole, and grasping the rope, now firmly

attached to the turtle's back, lifts the animal to the surface, and, with assistance, turns

it into the boat, where it is rendered helpless by being thrown on its back and by hav-

ing its flippers tied. It is not immediately killed, but is placed in a ' crawl,' or turtle

pen, where it is bathed by the tide, to wait with other unfortunates the departure of

some vessel for the northern markets. The war of extermination is not waged against

the adults alone, nor only in their proper element. Early in summer the females

repair to the low, sandy, uninhabited islands of the Gulf of Mexico or the Caribbean

Sea. At night, if there seems no ground for suspicion, one crawls some little distance

up on the sand, and, finding a satisfactory place, at once begins to dig a hollow, in

which are deposited from seventy-five to two hundred spherical eggs of about the

bulk of those of a hen. These are carefully covered over, and the animal retreats to

the water. The turtler, on going his rounds the following morning, notes the trampled
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sand, and, by probing with a slender stick, finds the exact position of the eggs. Ex-

perience has taught him that in just fourteen or fifteen days the turtle will again

return to this same locality to deposit, in a new hollow, a second, third, fourth, or

even a fifth lot of eggs, and, so, stationing himself on watch, he surprises the unsus-

pecting animal as she leaves the water, by means of a pole turns her on her back, and

thus leaves her until means are found for carrying her to the crawl.

If the eggs are not discovered, in about six or eight weeks, incubated by the sun,

they hatch, and the young scramble towards the water, on the way to which large

numbers are killed by birds, and during the first few weeks of their marine life, their

shell being comparatively soft, they are destroyed in large numbers by sharks and

other predatory fishes. The flesh of the Pacific form, though at certain seasons of the

year unhealthful, is said to rival the Atlantic in flavor. The eggs are in great demand,

being of particularly rich flavor and are collected in large numbers by the natives of

the East Indies. They are only of about an inch in diameter, and are said to keep

fresh for a considerable time.

In concluding with the Cheloniidse a singular fact may be mentioned. The logger-

head and green-turtles not infrequently interbreed, and the offspring, known to

the fishermen as the ' bastard-turtle,' has been described as Colpochelys kempii.

The family Peopleukidje is represented by the extinct genus Osteophygis, the

largest species of which are from the cretaceous deposit of Xew Jersey. The family

is interesting in that its representatives have peculiarities of structure which coire-

spond on the one hand with the sea^-turtles, and on the other with the fresh-water

Trionychidse.

The family Teionychid^ is of particular interest, and is represented by several

living as well as fossil forms. The soft-shelled turtles, as the members of this family

are called, have the body greatly depressed, sub-circular ia outline, and covered with

soft skin. The feet are formed for swimming ; the toes distinct, strongly webbed, and

terminated by three claws. They are carnivorous animals and lie in wait, half buried

in the mud of the warm, shallow pond-holes which they inhabit, their long neck and

head swaying to and fro in the water with a serpentine motion and occasionally pro-

jecting towards the surface, where the elongated nostrils are protruded above, and a

fresh supply of air is taken in. In ploughing through the mud they often meet with

fresh-water mussels, of which they are particularly fond. They are active swimmers

and purely aquatic, leaving the water only when compelled to. The eggs, the shells

of which are hard and calcareous, are deposited but a few feet on shore, the young
easily finding their native element. On the pond in which they live drying up,

retreat is found, in company with eels and siluroid fishes in the underlying mud,

where they remain until the period of drought is over. In confinement they are

active and aggressive, though they feed readily, eating vegetable as well as animal

food.

Amyda mutica is the smallest of the American Trionychidse and inhabits the

valley of the middle and northern tributaries of the Mississippi as well as the St. Law-

rence rivers. It is distinguished from the members of the succeeding genus in having

no tubercles on the carapax. A large specimen, measuring twelve inches from the

front to the hind margin of the shell, contained in its alimentary tract fragments of

larval insects.

Aspidonectes ferox was described as early as 1771 and is popularly known as the

soft-shelled turtle. Its habitat is more southern than that of the previous form, being
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found only in those rivers whicli empty into the Mexican Gulf. It is said to be in its

natural state a most voracious animal, almost constantly remaining in the water, and

being a most active swimmer, easily capturing fish and reptiles, the young alligators

contributing a large share towards its support. Though the ordinary hiding-place is

in some hole of the bank or under some projecting log, the soft-shelled turtle is known
to not infrequently leave the water and completely bury its body in the mud, keeping

up a communication with the outside world by means of its long neck and head,

which is ever and anon thrust out of a small breathing-hole which is left open. They
are also, during warm summer days, seen, like other turtles, upon protruding logs or

rocks, basking and apparently asleep, though a slight disturbance in their neighborhood

will start them into the water. This gnegarious habit has been observed by those

wishing to capture the animals, and while they are unsuspicious a net or other obstacle

is placed in the water round the rock on which they rest, and large numbers are cap-

tured as they endeavor to escape. They are of a fierce nature and bite furiously

when provoked. The flesh is said to be superior to that of the green-turtle. Though
ordinarily inactive on land, in the spring the female often makes her way up steep

banks to a suitable locality for the deposition of her eggs, which are numerous, sixty

or more being deposited at a time. The shell of a large specimen of this species

measured eighteen inches in length.

Amyda spinifer is of the same habitat as A. mutica, from which animal it can be
at once distinguished, however, in that it has the upper portions of the shell provided

with several conical prominences. It has been confounded with the Southern A.ferox
by many writers, though it differs considerably from that animal, in several important

particulars. Allied forms are found in the western hemisphere, of which Chitra indica

is the largest living representative of the family. Specimens have been known to

weigh two hundred and forty pounds. It inhabits the river Ganges as well as several

estuaries of the Malayan peninsula, and is eagerly sought by the Chinese for food.

Fragments of extinct members of this genus have been found in the cretaceous

deposits of New Jersey, and in the tertiary formations of the west ; though anything

like complete shells are uncommon. These fragments belong to animals resembling

those of to-day, and prove the genus to be of great age; a fact that could also have

been arrived at by an examination of the animal's structure, which is of a most embry-

onic type, lacking those points of specialization characteristic of the higher members
of the group.

The Emydid^ includes all the so-called fresh-water turtles of the globe, and is

by far the largest family of the order ; it being represented by at least sixty species,

presenting a wide range of structure, habit, and size. The members are characterized

by having the shell more or less depressed, though it may sometimes be convex ; the toes

distinct and webbed, the feet forward for walking or swimming, the claws usually five in

front and four behind, though there may be only four toes on each appendage. The shell

is invariably covered with horny shields, and those overlapping the tail are not united

along their median edges. Prom only a casual examination of the variety of points

presented by this family, it is apparent that it includes animals of diverse habits ; there

being forms which are not only aquatic, but those which are nearly as exclusively

terrestrial as are some of the land-turtles. Of broad distribution throughout the tem-

perate and tropical regions, in North America alone are six genera. The eggs are

oblong, deposited in the sand, as are those of the previous family, and the young are

circular in outline.
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Pr&udemys rugosa, the potter or red-bellied terrapin, is an animal of very limited

geographical distribution, being found only east of the Appalachian Mountains, and from

New Jersey to Virginia. It is, however, quite abundantly found Vi'ithin these limits,

and is often captured for market in the Delaware and Susquehanna rivers, though

its flesh is not held in great esteem. The length of the shell seldom exceeds eleven

inches. The color above is dark slate, with reddish blotches, while below it is of an

intense red, ornamented with yellow. The jaws are prominently toothed. JP. con-

cinna and mobiliensis are allied forms, inhabiting the more rocky rivers of the south, but

are of limited distribution.

JP. Meroglyphica, has been so named from the hieroglyphic-like markings along the

margin of the carapax. It sometimes reaches a foot in length, and inhabits the mid-

dle, western and guK states. The yellow-bellied terrapin, P. scabra, is of about the

same size, though a much less elegant animal, the shell being carinate and deeply

serrated posteriorly. It inhabits the warm shallow brooks of fresh water of the south-

ern states, south of the habitat of P. rugosa. Specimens are often seen in groups of

a dozen or more, collected on some half-submerged log, and, though apparently half

asleep in the sun's rays, on the slightest appearance of danger they drop off into the

water, the only evidences of their presence being in the carefully protruded snouts

these appearing at different points over the surface of the water. Though wary and

suspicious, they are, nevertheless, captured in large numbers and sent to market, where

they masquerade under the name of ' terrapin.' When in their native element, their

diet is chiefly carnivorous, though in confinement they soon accustom themselves to

vegetables, of which they seem to become very fond. P. troostii is a very abundant

form, inhabiting the valley of the Mississippi as far east as Illinois. It was dedicated

to Professor Troost, a gentleman who gave no little assistance to Holbrook in the

preparation of his work on the American reptiles.

The most interesting species of Mcdacoclemmys is the salt-water terrapin, M.
palustris, inhabiting the marshes along the Atlantic coast, from Massachusetts to Texas,

and even to South America. About Charleston they are very abundant and are cap-

tured in large numbers for market, especially is this the case at the breeding season,

when the females are full of eggs. Further north they are dug from the salt mud
early in their hibernation, and are greatly esteemed, being fat and savory. In the

water the terrapin is an active animal, compai-atively seldom captured, being always on

the lookout and extremely wary. On land it is a good traveler and quite able to

escape from any ordinary enemy. In the market it can be distinguished from the

other turtles by its short body and the concentric markings of the dorsal plates. The

color above is dark brown and pale grayish green. Ml geographicus, the geographical

terrapin, is peculiarly marked and streaked above with narrow reddish lines. It is

found in the eastern Mississippi Valley, reaching eastward as far as Pennsylvania and

New York.

Chrysemys is characterized by having a deep notch at the anterior portion of the

upper jaw, on each side of which the projecting horny sheath forms two teeth. C.

picta, or the painted-turtle, is perhaps the best known of the American Testudinata.

Its geographical distribution is extended, the animal being found from the Gulf of

Mexico to the Gulf of St. Lawrence, and inhabiting nearly every pond, pool, or

slow stream. While one is riding in the cars, this species as well as Chdopus guttatus

are seen by myriads, the two clans seldom mixing, crowded together on some project-

ing rock or half submerged log, their necks stretched out to the utmost, and to all ap-
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pearances enjoying the sun to its full benefit. They are, comparatively speaking, active

climbers, and may not infrequently be seen perched in situations which would seem

to be unattainable by creatures presenting so few adaptations other than natatory.

They are timid, however, and quickly retire to the water on being disturbed. Their

voracity often leads to an untimely death at the hands of the indignant angler, whom
they bother to no little extent by seizing his finely prepared tackle. The ordinary food

consists of the succulent stems of various water plants, as well as such unfortunate

tadpoles, earth-worms, or larval insects as may fall in its way. Though it begins hi-

bernation early in the fall, but a few warm days in spring are necessary to awake it

from its lethargy, when its shrill piping note is heard, often at night making the low-

lands riiig. The eggs are deposited at evening in a shallow hollow scraped out of the

soft sand of some neighboring bank, and carefully covered, where, unless found by some

marauding skunk, they are hatched by the sun's heat. This is our most beautiful turtle,

its bright colors distinguishing it from all other members of the order. The general

color above is dax-k brown, a yellow line dividing the vertebral plates, which are further

Fig. 26S. — Chelopus insculptus, wood-tortoise.

bordered, as well as the costals, by broader bands of the same shade. The marginal

plates are concentrically marked with deep red, a color which fades away soon after

the animal dies. Below, the sternum usually presents an unspotted, uniform bright

yellow color, though occasionally a beautiful purple obtains. In the western and more

central regions the Oregon turtle, C. oregonensis, takes the place of the present species.

Chelopus (/uttatus, the speckled-turtle, is a familiar form north and east of the

Ohio. The small yellow dots covering the black back are very characteristic, and it is

a strange fact that they increase in number with age, the young having but a single one

on each scale. Its habits are much like those of the painted-turtle. U. mulenbergii

is limited in its distribution to the valley of the Delaware, and is uncommon. G.

insculptus has a general distribution coinciding with that of C. guttatus, though it is

much more local. This animal has received the popular names of horse, sculptured,

river, and wood-tortoise, the first possibly being given because of the bright bay

color of the animal's body and limb. In certain localities it is an abundant animal, and,

unlike other members of the family, is not confined to the water, where it is greatly

annoyed by a leech, dozens of which arc often found attached to it, but is often met

VOL. III. —29
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with some distance from water and often in the dry uplands, where it crawls leisurely

along, stopping now and then to feed on the leaves of some favorite plant. Ou being

surprised it quickly withdraws itself into its shell, and might be passed unnoticed were

it not that it hisses so loudly. On examination the shell is seen to be composed of very

distinct, concentrically sculptured and brown-rayed plates; a prominent ridge being

formed along the back by successive longitudinal prominences. Below, the yellow

plastron is divided into twelve portions, each bearing on its posterior and outer corner

a large black blotch, around which is a series of suture-like grooves parallel with the

general contour of the plate. C marmoratus inhabits the Pacific regions.

Emys is represented in North America by a single species inhabiting the more

^^^^^^j/luA
Fig. 259.— Cistudo Carolina, box-tortoise.

eastern districts from Wisconsin, and known as £1. meleagris or Blanding's box-tortoise,

an interesting form, as it connects the more oi-dinary members of the family— those

having the plastron immovably united to the carapax— with Cistudo, where it is not

only free, but movable at both ends in a vertical plane. The carapax of this animal is

strongly convex and rounded, much resembling that of the box-tortoise, though it is

above of a dark green color spotted with yellow. Below, the plastron is provided with

a longitudinal ligamentous fulcra connecting it 'with the carapax, and a single transverse

hinge, between the six anterior and six posterior plates, which allows, aided by the

fulcra, after the extremities ha'i-e been drawn beneath the carapax, of all being pro-

tected by the closing of the thus formed lids. Blanding's tortoise exceeds the com-
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mon box-tortoise in size. Its young are jet black, and, though the parents are elongate,

nearly circular in outline. E. lutaria is the European representative.

The genus Cistudo includes the common box-tortoise, inhabiting the United

States east of the Mississippi, and presenting more variety of form and coloration

than any other member of the family. It is in most localities quite abundant, and is

found in pastures and uplands, seeking its food of ' toad-stools ' and ' mushrooms,' and

may at once be recognized, in that it is able, by means of the two lids of the plastron,

to completely enclose itself in its shell, and in having its upper jaw unprovided with

the anterior notch so characteristic of the previous form. Though the shell seldom

Fig. 260.— Clielydra serpentina^ snapping-turtle.

measures over seven inches in length, the animals live to a most remarkable age,

seemingly until put to some violent death. A venerable box-turtle was recently seen

which bore dates of the latter part of the last century, as well as successive dates of

the present. There have since been five generations in the family of the one who first

carved his name on the plastron of this respected resident. Unlike our other turtles,

this species, C. Carolina, has a particular dislike for the water, and soon dies if placed in

it. The toes often vary in number with different individuals, those having only three

on the hind feet being not uncommon in the more western and southern habitat. C.

omata, a form which always has the vertebral scales keeled, and is depressed and

rounded, inhabits the valley of the upper Mississippi and the country lying south.
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The genus is well represented in Europe by the yellow-tortoise, C. europcsa, inhabiting

all the warmer countries, where they are to a limited extent used for food.

The family CnELYDEiDiE is represented in the New World, from Canada to

Ecuador, by the common snapping-turtle, Chdydra ser2}entina, an animal adapted for

active defence. The shield being too small for the complete retraction of the extremi-

ties, the enemy is boldly faced and attacked, the reptile's long reach and strong

jaws being sufficient to defeat the attacks of any ordinary foe. The elongated tail of

this animal is very characteristic, and from its appearance has not only given rise to

the popular name, ' alligator-turtle,' but, appended to the small, comparatively thin shell,

gives an elongated appearance to the body, resulting in the specific name, serpentina,

In its habits, both in the water and on land, the snapping-turtle is bold and fierce, and

will often suffer itself to be lifted from the ground by the object which it has grasped

rather than let go its hold. As it elevates itself for the attack, with half-open mouth

and sullen eyes, there is something fierce and defiant in its attitude, though it is so

slow and awkward in recovering itself after missing its point of attack that it pre-

sents a most ludicrous picture. Members of the species are remarkably strong— the

elder Agassiz states that he has observed one to bite off a piece of plank more than

an inch thick— and they grow to a considerable size, being our largest inland repre-

sentative of the order, specimens not infrequently exceeding the length of three feet.

In the northern states, from the tenth to the twentieth of June, the female, at early

morning, leaves the water and crawls to a sand bank, digs a small cavity, not with its

tail (a popular belief), but with its hind leg, into which the small spherical eggs are

deposited to the number of twenty-five or thirty, when the sand is drawn over them,

the surface smoothed down, and the animal is soon back in the water, the entire ope-

ration not lasting over twenty minutes. This mode of oviposition is different from

that of our other turtles. While the snapper is satisfied with nothing but sand, the

painted and speckled-tortoises put up with any soil in which they can scrape, not a

cavity, but a hollow, and at evening rather than early morning. An allied form, Ma-
crochelys lacertina, inhabits the tributaries of the Mexican Gulf, extending north-

ward in the Mississippi as far as Missouri. Its diet, like that of the previous species,

consists of the smaller animals, which it captures by a quick lunge, seizing them in its

powerful jaws.

The family Cinosteenid^ includes the smaller fresh-water turtles, the largest of

which is smaller than the smallest of the Chelydridee. On leaving the water they

seldom attempt any long journey, but bask in the sun in such a situation that on the

slightest sign of danger they can drop into their native element, though, if so unfor-

tunate as to be captured, they, though ridiculously small, endeavor to defend

themselves by freely using their jaws. They are carnivorous, and possibly, to some

extent, herbivorous. The eggs are few in number, and, unlike other turtles, excepting

the Trionychidse, are covered with a strong glazed shell, which, though thick, is very

brittle.

Aromochelys odorata is a small turtle found in pools, often covered with a thick

growth of green algae, inhabiting the more eastern portions of the United States,

and known as the musk-turtle, besides other savory names, of which the scientific

is perhaps the most expressive. In length the shell of this animal seldom reaches six

inches, while the plastron is cruciform, resembling to some extent that of Chelydra

serpentina. The convex brown carapax, generally covered with algte, the pointed head

and strong odoi', renders this animal not easily confounded with our other turtles.



Testudo elephantopus, Galapagos tortoise.
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Cinosternum has four representatives in the United States, of which C. pennsyl-

vanicum, the mud-tortoise, very generally distributed over the southeastern two thirds

of the United States, is of small size and resembles the previous species, though the

plastron is divided in to transverse portions, the anterior and posterior of which are

capable of more or less vertical motion, enabling the retracted head and limbs to be

more thoroughly protected. It is an animal which readily takes the bait, and is of no

little annoyance to the angler. Other species are found in the southwestern parts of

the Union.

Testudinid^ embraces those turtles which have the shell very convex and whose
feet are developed for a terrestrial life. The toes are distinct, the feet club-shaped, and

the caudal plates united. The North American representatives are two in number,

^%*^3

Fig. 261. — Ciiwstenium pennsylvani<yiim, mud-turtle.

Testudo Carolina and T. agassizii, the latter of the southern Pacific and the region

around Sonora. The former, the common ' gopher,' the shell of which is often fifteen

inches in length, is a strong animal, and is more or less gregarious, troops being

often met with in the pine-barren country. Though in confinement they eat at all

times of the day, they are said to be, naturally, of nocturnal habits, making midnight

raids on the farmers' sweet potatoes, bulbous plants, and melons, and retiring to their

burrows during the warmer portions of the day, or on the approach of showers, where

they also hibernate. These homes are inhabited by a single pair, and are dug to a

length of four feet, the interior being large and spacious, while the mouth is only the

size of the larger animal. The negroes, in capturing the 'gophers,' sink a deep pit in

front of the hole, and the unfortunate animals, on sauntering out, as they are obliged

to daily, drop in, and are unable to escape. The females are considerably larger than
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the males, and are very strong, the weight of two hundred pounds having been said

to be carried on the back of one. The eggs, which are about the size of a pigeon's,

and five in number, are much esteemed for food. They are deposited in a hollow

near the mouth of the burrow. The South American T. tabidata, has been con-

founded with this animal, though it is now proved to be a distinct species.

The only European representative of the genus is the common land-tortoise, T.

grceca, commonly made a pet of in gardens, though its true home is along the south-

ern countries bordering on the Mediterranean, where it is captured for its flesh, and

often put on sale in the markets. They are animal as well as vegetable feeders, and are

extremely fond of the leaves of lettuce, often using their feet to assist them in divid-

Fig. 262. — Chelys matamata, bearded-turtle.

ing the larger leaves. In confinement they drink milk, and eat almost anything thnt

may be given them -of a vegetable nature. A strong liking for artificial heat lias

been evinced.

The land-turtle of the French markets is captured along the coast of Morocco,

and in the neighborhood of Algiers, from which places they are shipped. It consid-

erably exceeds the Greek-turtle in size.

The largest representative of the family is the so-called Indian-tortoise, an animal

inhabiting the Galapagos Islands, and, though originally described as T. el&phantopus,

the individuals from the several islands are now known to present variations of specific

value. Closely allied forms are found in Madagascar.
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In a few cretaceous turtles found in the New Jersey green-sand, as well as in sev-

eral deposits of the same age in the West, and allied to the Testudinidse, there are

presented peculiarities of structure which are so exceptional that they have been
united in a family by themselves. They are of peculiar interest to the paleontologist,

being generalized forms of position intermediate between the Etnydidee and Hydras-
pididse.

To the gigantic river-tortoise, Podocnemys expansa, of the Amazon has been given
a family value. It is of an enormous size, and is a load for the strongest native, the
shell, when full grown, measuring nearly three feet in length. In the upper portions of

the Amazon every household has a pond or corral, in which the animals are confined

Fig. 263. — Hijdraspis maximilianii.

during the time of dearth, the wet months. Though the rich people hire servants to

capture the animals when the water is low, the poorer classes are obliged to collect

them themselves, as markets are unknown. Their abundance varies with the height

of the river, in dry seasons the largest numbers being captured. The flesh is very

tender, palatable, and wholesome, though one soon tires of it as a regular diet. The

eggs are eagerly sought after by the natives, and, that all may have equal advantages,

the excursions to the sandy islands are made in a body, all setting to work at a given

signal.

In the family Chelydidje the elongated neck cannot be withdrawn into the body,

as in the ordinary forms, but protection is obtained by bending it round against the
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sides of the body and liiding it, as it were, under the eaves of the shell. Chelys

matamata, the remarkable fimbriated or bearded-turtle, belongs to this family. This

is one of the most peculiar creations of nature, in oddity being exceeded by none.

It inhabits the warm fresh-water pools of the tropical portions of South America, and

has been, until of late years, quite abundantly found, tliough, from the unceasing draft

made upon it for food, it is now quite uncommon. It is said to be a carnivorous ani-

mal, lying in wait, concealed by the rushes of some quiet body of water, for an un-

suspecting fish or reptile, or possibly a brood of young ducks, which it captures by a

quick extension of its neck. It grows to a considerable size, sometimes reaching the

length of three feet. As is shown in the engraving, the snout is greatly prolonged,

and the sides of the head and ridges of the neck are provided with peculiar prolonga-

tions of the skin, the true office of which is not known. An allied form, Hydrastis

m(KcimiUanii, also inhabiting Brazil, has been given a family value by some naturalists.

The figure illustrating this animal shows the peculiar manner in which the head and

elongated neck is protected by being applied to the side of the body rather than being

withdrawn into the carajjax.

The family Pblomedusid^ includes the single genus Pelomedusa, which is charac-

terized by having but two series of phalanges instead of the usual number, three.

P. suhrufa and other species inhabit South Africa.

The highest family of the order, Steenoth^eid^, is based on the peculiar structure

of the anterior divisions of the plastron, which are separated transversely, giving the

animals ten plates instead of the usual number, eight. This peculiarity is similar to

that presented by the genus Pleurodira.

Order V.— RHYNCOCEPHALIA.

The fifth order of reptiles includes a small number of animals resejnbling in gen-

eral outline some of the lizards, though presenting several internal characteristics, as

the possession of bi-concave vertebrae and immo\able quadrate bones, which are at

variance with the forms already treated and are of ordinal value. But a single rep-

resentative, the Hatteria or Sphenodon of New Zealand, is still living, though the

paleontologist has brought to light the bones of a few pre-existing forms.

The Hatteria is one of those isolated animals which, from the peculiarity of its

structure, is of interest to the anatomist ; as throwing light on the more obscure points

in the structure of fossil relatives, and, to the systematic zoologist, fills, as a single

specimen, the place of species, genus, family, and order. The general appearance is

iguana-like. The tail is compressed and crested, and, like many lizards, being of a

brittle nature, is often found reproduced, but without vertebral segmentation. The
general color is, above, dull olive-green spotted with yellow, and below, whitish. Be-

sides the peculiar fish-like vertebrae and rigid quadrate bones, some of the ribs are

provided medially with uncinate processes, resembling those of crocodiles, if not more

strongly those of birds. Third and intermediate portions, like those found in the

monotremes and sloths, unite the dorsal with the sternal costae. Teeth occur not only

on the jaws, but also on the palatine bones, where they ai-e arranged in a regular series,

parallel with those of the maxillaries. The total length seldom exceeds twenty

inches. At one time these animals were to be found in abundance along the rocky

shores and small islands of the New Zealand coast, where they lived in the crevices of

the rocks, or in small burrows of their own construction. Of late, however, being
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used as an article of food by the natives, and suffering from the introduction of hogs,

they have become uncommon, and will soon be numbered with the animals which once

existed but are now extinct.

Of the fossil members of this order, the Proterosaurus is of particular interest, as

it was the first known fossil reptile, being described as early as 1710 from fragments

obtained in the permian beds of Thuringia. A study of the bones of the head, neck,

and limbs shows it to have been an aquatic animal of considerable size, capable of seiz-

ing and retaining the active fishes which sported in the waters that deposited the old

Thuringian copper-slates. Jthynchosaurus, from the trias of England, is of interest in

that the jaws, like those of turtles, are unprovided with teeth, and the premaxillaries

present a curved beak, strongly resembling that of birds. The vertebral centra are,

however, like those of Hatteria, biconcave. Hyperodapedon, also triassic, is an allied

form.

Order VI.— ICHTHYOPTERYGIA.

The members of this order are all extinct, and are only known from their fossil

remains, which have been found in the tertiary deposits of the Old World. Though
true reptiles in structure, the Ichthyosauri resembled in general outline, and probably

also in habits, the cetaceous mammals of to-day. The broad head, short neck, thick

body and short vertebra resemble these portions of the whales, a general resemblance

carried still further by the flipper-like limbs and elongate, probably fin-bearing, tail

which performed the office of a propeller. Some of these saurians were colossal in

size, reaching a length of forty feet, though many were smaller and resembled the dol-

phins, being about six feet or even less in length. That the animals were reptiles is at

once seen, however, on an examination of the brain cavity, which is of most diminu-

tive size when compared with that of sea-mammals, and is not protected by a solid

cranium, the bones of the head being more or less imperfectly united together. The
vertebral centra, moreover, were biconcave, and the orbits, which were enormous, some-

times fifteen inches in diameter, were protected by a circular series of triangular plates

which may have assisted in adjusting the focus of the eyes, or may have been in their

nature merely protective. A study of the jaws, as well as of the half-digested contents

of the alimentary tract, proves the Ichthyosaurus to have been a predatory animal, in-

habiting the open sea as well as the shores, and feeding on fish and other marine

animals. Though awkward in its movements, it not infrequently quitted the water

and crawled out on some exposed sand-bar to rest or to bask in the sun. I. communis

is the most common form.

The Sauranodon, found in the Jurassic deposits of the west, resembled the Ichthyo-

saurus very closely, though it differed in being destitute of teeth. It is given by some

an ordinal, while others consider it of only family, value.

Order VII.— THEROMORPHA.

This order includes several extinct reptiles, fragments of which are found chiefly in

the Permian and triassic fresh-water deposits of South Africa. The teeth are either

wanting or are represented by a pair of maxillary teeth. The vertebra are biconcave.,

and the ambulatory limbs are supported by a solid pelvis and firm shoulder-girdle. It

was from this order that the mammals are by some supposed to have branched off,
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the scapular and pelvic arches, as well as several bones of the limbs, being remarkably

like those portions in the Monotrema, especially Echidna. From a comparative study

of the Pelicosauria, the fact has been demonstrated that the first terrestrial Vertebrata

possessed a notochord. The Dicynodons are known from fragments of their skeletons

found fossilled in South Africa, and received their name from the Greek, ' two-tusks.'

The skull presents characters which are crocodilian, chelonian, lacertilian, and, in the

elongate canine teeth, mammalian. The lower jaw was remarkably turtle-like and was

probably encased in horn. Several species have been described. The Oudenodons

were without teeth or had them inconsjiiicuous. The head was rounded anteriorly,

and in general outline strongly resembled that of the turtles. The Pelicosauria are

represented by two dozen or more species from the pei'mian beds of America; Clepsy-

dropus, from Texas and Illinois, is illustrative.

Order VIII.— SAUROPTERYGIA.

The European and New Zealand cretaceous beds have yielded by far the greater

number of species to this order. Of the few American forms, Elasmosaurus is the

most interesting. This animal differed from the Plesiosaurus in the structure of its

pectoral girdle, and was of an elongated

form, sometimes forty-five feet in length,

and could swim rapidly through the water by

using its flattened limbs as oars, or by pro-

pelling itself, the tail being long and paddle-

shaped. The neck and small head resembled

in their motions, as they twisted from side

to side or plunged beneath the surface these

portions of the swan. It has been found,

FIG. 264.- Skull of Dicynodm..
^™"i '™ examination of the debris occupying

what was once the body cavity of these

sea-saurians, that they fed on the more ravenous fish, which they were enabled to

grasp and retain by means of their long, sharp teeth.

While the Mlasmosaurs ploughed the American waters, the Plesiosauri were no less

abundant in the eastern hemisphere. The first fossil representative was found in the

lias of Lyme Regis, and, from its peculiar lizard-like form, derived its naine, ' near to

lizard.' The discovery of this genus was considered by Cuvier to be of great im-

portance, as presenting peculiarities of structure the most anomalous. Perhaps the

better way to describe the animal is to follow the words of an early naturalist

:

" To the head of a lizard it united the teeth of a crocodile, a neck of enormous length,

resembling the body of a serpent, a trunk and tail having the proportions of an ordi-

nary quadruped, the ribs of a chameleon, and the paddles of a whale." The openings

of the nostrils were far back, in front of the eyes, and may have been used as spout-

holes. Of a score or more of species which have been described, P. dolichodeirus,

which attained a length of twelve feet, is, j)erhaps, the most commonly found. The
neck was of great length, exceeding, by several vertebrae, that of the swan. A study

of the ribs shows the animal to have been capable of taking in a large supply of air,

and the inference is that it could remain submerged for a considerable period of time.

It was, moreover, less adapted for a pelagic life than the Ichthyosaurus and probably

seldom wandered far from the more shallow waters.
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Order IX.— CROCODILIA.

This order embraces those aquatic reptiles which have the teeth firmly implanted

in the jaws, the body protected by a thick, armored skin, and the four limbs and tail

formed for swimming as well as for crawling. While in the previous order the limbs

were only represented by paddles, we now come to animals which not only have these

appendages freely articulated, but have them ending in separate digits. The skin is

.thick and heavy, and bears, in its dorsal regions, strong, osseous plates. The jaws

proper are the only bones which bear teeth, and these are wedged into alveoli and are

conical in outline. The fourth tooth of the mandible often considerably exceeds its

fellows in size and fits into an excavation in the upper jaw. It is used as the chief or-

gan of prehension. The structure of the vertebral centra varies in the several sub-

orders, though all the existing crocodiles have them concave anteriorly. The structure

of the soft parts is the highest presented by living reptiles. The organs of special

sense are well developed. The eyes have the pupil vertical, and are protected by two
lids, and also by a nictitating membrane. Both nostrils and ears are provided with

cuticular valves. The buccal cavity has posteriorly an arrangement which prevents

water from passing into the pharynx, when the mouth is held open by the strug-

gling prey. The stomach is remarkably bird-like and passes into a zigzag intestine,

to which are attached no caecal appendages. The intestine decreases in size before

entering the cloaca, which gives attachment to the erectile copulatory organ. The
heart is highly developed, and, in having a distinct right and left ventricle, effectually

prevents the mixture of the venous with the arterial blood. The order is divided into

three groups, of which the procelous, existing crocodiles, and the fossil Thoracosaurus

will be first treated.

The crocodiles inhabit the warmer portions of America, Asia, Africa, and Aus-

tralia, and naturally divide themselves into three groups : The gavials, having the

cutaneous plates of the top of the head and back continuous, and the canine teeth of

the lower jaw fitting into notches in the margin of the upper jaw ; the crocodiles

proper, having the plates of the head separated from those of the back, but having

the canine teeth fit into notches as in the previous group ; and the alligators, having

the plates of the back like the crocodiles, but having the teeth fit into pits rather

than into notches.

The gavial, or nakoo, of India, Gavialis gangeticus, has the snout elongated,

linear, and swollen at the tip, and the lateral teeth oblique. This animal is one of the

largest of the order, and sometimes reaches a length of twenty feet. Old males have

the nasal sacs at the tip of the snout considerably enlarged, and are thus enabled to

remain below the surface for a considerably longer period than are the females. The
development of the snout is of peculiar interest, since the young have it broad and

depressed like the alligators. In some of the rivers of India, as a result of a sujjer-

stition among the ignorant natives, who fear to harm them lest they arouse the anger

of the gods, the gavials have become so abundant as to be destructive to human life.

The genus Tomistoma has the beak conical, and the teeth erect and received into

pits ; it is intermediate between Gavialis and Orocodilus, and is represented by but a

single species, T. schlegelii, which inhabits the island of Borneo.

Of the crocodiles proper, representatives are found in every continent. Croco-

dilus vulgaris, the Nile crocodile, is found throughout Africa from north to south
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and from east to west, and has been known from time immemorial, not only being

mentioned in the oldest manuscripts, but appearing on the walls of the ancient Egyp-
tian monuments, which almost antedate history, and is not infrequently found pre-

served as a mummy. In the upper regions of the Nile these animals actually swarm,
and though killed by the hundreds by hunters, and when young by the thousands by
their natural enemies, they seem in this locality to hold their own in spite of all per-

secution. Though rendering the African rivers dangerous to travelers, and destroy-

'mm

Fig. 265. — Gavialla gangeticus^ gavial.

ing many of the herdsman's cattle, by seizing them by the snout as they are about to

drink, the crocodile, preferring, as it does, the more putrid flesh, as a scavenger is of

considerable value, performing in the water what the hysena does on land. Living-

stone, in writing of this animal, says it often seizes children as they play on the banks

of the rivers, not infrequently rendering them senseless by a blow of the tail. The
full-grown natives are, however, seldom attacked, except when they at night attempt

to swim across the rivers or enter where the animals are particularly abundant. Ant-
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elope are often seen to disappear from view as they seek the water to avoid the

hounds, and the dogs are especially palatable to the huge reptile. It is said that

the animals acquire a taste for human flesh. In localities where they once caused

no g]-eat fear, on receiving the dead bodies of criminals, they at length became so

ferocious as to be greatly dreaded. The natives kill them by thrusting a barbed spear

into their side as they lie unsuspectingly on the bank, or they dig a pit in some fi'e-

quented path, into which the reptile falls as it flees from the cries of the savages as

they "beat the bush."

Fig. 266. — Crocodilus iivuricanun, crocodile.

- ^MEURER'.XA-BEnUtJ.

An ancient story, supposed for a long time to be fabulous, is told by Herodotus,

the verity of which has been established by the later naturalists. The ancient writer

said :
" When the crocodile takes his food in the Nile, the inside of its mouth is always

covered with a small fly. All birds, with a single exception, flee from the crocodile,

but this one, the Nile bird, Trochylus, far from avoiding it, flies towards the reptile

with the greatest eagerness and renders it a very essential service. Every time the

crocodile goes on shore, the Nile bird enters the mouth of the terrible animal and
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delivers it from the fly which it finds there ; the crocodile shows its recognition of the

service and never harms the bird." In the modern classification this bird is the

Charadrius cegypticus. The eggs of the crocodile are laid in sand, and left to be

incubated by the sun's rays, though the female remains in the neighborhood and

watches the place of deposit with considerable maternal solicitude. C. nigra and C.

cataphractus, the black and the false-crocodile, are confined to the rivers of the west

African coast.

The Indian C. porosus is found only in the salt-water estuaries, and has been cap-

tured not only around the peninsula of India, but among the islands of the East Indies,

as far south as the coast of Australia. From a peculiar ridge over each eye, this form

is popularly known as the double-crested crocodile. The young show their fierce

natures from the first, and will often allow themselves to be lifted from the water, by
retaining their hold on a stick that may have been thrust at them in way of annoy-

ance. During the warmer portions of the year, the double-crested crocodile not

infrequently avoids the heat of the sun by hiding in the mud, and remaining thus con-

cealed until the approach of the wet season. The American crocodile, C. americanus.,

was first supposed to be confined to the West Indies and South America, but it is

now known to be not infrequently captured in different parts of Central America and

occasionally on the peninsula of Florida. It can be at once distinguished from the

alligator by its narrow snout, as well as by other characters of the genus already

given. Specimens twelve feet in length have been captured. The Orinoco crocodile,

C. intermedia, has a few times been known to wander north, and may possibly have

been met with in Florida. It differs from C. mnericanus in having the snout more

slender and the plates of the back more nearly uniform.

Perhaps no reptile is better known to the American than the alligator. Abound-

ing in the low, stagnant pools of tlie south, its dull body a characteristic feature of

the unfrequented morass, and common not only in the cheaper menageries of the

north, but as a pet of the amateur zoologist, it is recognized by all and needs no spe-

cific description. Though but a few years since seen by the hundreds during a day's

journey along the low, muddy shores of the southern and gulf states, it has of late,

from the incessant massacre to which it has been subjected by travelers and sports-

men, become less common, and will undoubtedly retire before the advance of the

southern settlers. Of its habits, when undisturbed in its native wilds, relatively few

have been the observers. It spends the most of the day lying on some low bank or

log, where it can receive the genial rays of the sun, though it retires to the water on

being disturbed. When thus basking, they are sometimes captured by the more

daring hunters, and, witli limbs bound, are hurried off to the northern showmen.

The animals may resent being captured so easily, however, and may give the col-

lector no littlie trouble. That they often voluntarily attack people is doubtful, though

there are several instances of their pursuing boats and regarding the inmates with the

most suspicious glances. In the water they are very active, and, being strong

swimmers, are able to catch the larger fish with but little trouble. For animals, like

the musk-rat, swimming across lagoons, they are always on the watch, and many is the

disappointed sportsman who has returned home after seeing his hound seized by one

of these monsters. Of dog-meat they seem to be particularly fond, and it is said they

will congregate on hearing a puppy whine. On seizing its prey the alligator sinks

with it to the bottom, and there remains until all struggling has ceased, it is then able

with less trouble to tear it in pieces. While thus submerged, the peculiar collar at the
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base of the tongue prevents the water from passing into the lungs, and the reptile

may even come to the surface and breathe without letting go its hold on its prey. That
the reptile uses its tail to sweep animals off the bank into its jaws savors rather of

the fancy, though this appendage is often used in self-defence, and is an efficient

organ. Not infrequently the alligator can be induced to take the hook, and, when
thus captured, will test the strength of the strongest ' shark-tackle.' It is, however,

when captured, of a most disagreeable nature ; not only does it use its jaws freely, but

Fig. 267.

—

AUigator mississippiensis, alligator,

it emits a most disagreeable odor of musk, which is almost unendurable ; it has, how-

ever, been used by some as food, Catesby saying :
" The Hind-part of the Belly &

Tail are eat by the Indians. The Flesh is delicately white, but has so perfumed a

Taste of Smell, that I could never relish it with Pleasure." It is also maintained that

the negroes, during the colder months, often dig it from the mud in which it is hiber-

nating, and use its flesh. In the stomach are often found the most unexpected

articles : stones, bottles, boots, and in one case a camp-stove performed its share of

the grinding operation.
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In the breeding season, the sjjring and early summer, the reptiles are very noisy

and bellow with thunder-like power. The eggs are deposited in some natural sandy

hillock, or in a mound of the reptile's own construction, the young, on hatching, at

once directing their course to the water. The eggs are often taken from the nests,

however, by tourists, and illegally mailed to northern friends, when they hatch in a

climate unsuited to their wants and usually die, though a few have been known to

take food and prosper. Adults seldom reach the length of twelve feet. The name
given by science is Alligator mississippiensis, the animal being found in that river as

far north, though rarely, ns the Ohio.

The Orinoco cayman, Jacare nigra, was the animal with which Waterton had the

struggle so geographically described in his " Wanderings." It seems that the natural-

ist desired a specimen for dissection, and hence one mutilated as little as possible.

One of the reptiles was first caught by a cleverly devised hook, and, when drawn on

the bank, was mounted by Waterton, as he would mount an English hunter, the rep-

tile's fore feet and legs serving as reins. It is needless to say that it was only by the

exercise of considerable skill that the naturalist kept his seat, though he finally suc-

ceeded in exhausting the furious reptile. An old hunter and fisherman in southern

Louisiana assured me that in a similar manner he had captured alligators for showmen.

Closely allied to the now existing crocodiles was the genus Thoracosaurus, inhab-

iting, in cretaceous times, the shores of Xew Jersey, as well as the coast of France,

and resembling to no little extent the Indian gavial. T. neoccesariensis, once inhabit-

ing the more eastern portions of our continent, was one of the largest si^ecies. The
Teleosaurus, from earlier deposits, had the jaws greatly elongated, considerably ex-

ceeding, in jiroportional length, those of the gavial of to-day, and armed with long

sharp teeth, which enabled them to capture and retain fishes, the only large verte-

V)rates inhabiting the Jurassic seas suitable for food. Goniopholia crassidens resem-

bled the Teleosauri in having biconcave vei'tebrse, though its teeth resembled those

of the existing crocodiles.

The Beiodontidje, though at first considered otherwise, now hold an important

position in the present order. Belodon lepturus, the largest of the genus, reached a

length of ten feet, and was strong and stout. It lived on the American shores during

the triassio period, and was, judging from the posterior position of its nostrils, and

probably webbed feet, an aquatic feeder, searching with its elongated snout below

the surface for such unfortunate animals as might come within its 'reach, while respi-

ration was still maintained, as a result of the nostrils being placed almost as far

back as the eyes. This genus includes the earliest known representatives of the oi'der.

Remains are found in the European as well as in American deposits. -

Oedbe X.— DINOSAURIA.

In this extinct order appears a series of reptiles, some of most gigantic size,

though many are small, which are of particular interest to the systematic zoologist, as

many forms, on examination, are seen to possess peculiarities of structure which point

towards the lower birds, while others have many points of structure in common with

the mammals. The avian peculiarities are not merely superficial, the pelvis and hind

limb is remarkably bird-like, and is often of a development which justifies naturalists

in considering the reptiles to have been biped, a supposition confirmed by the three-

toed tracks of the Connecticut valley. We have consequently in the Reptilia a
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series of forms, from those which walked about on all fours to those which stood

erect, an instance of evoluti(5n paralleled in Mammalia.
The first representatives to receive treatment will be those which had the proximal

tarsal bones separate from each other and movably articulated to the terminal faces of

the tibia and fibula. JIadrosaurus had the teeth in several rows, and so juxtaposed as

to give a pavement-like appearance to the armature of the jaw. The members of this

genus were of gigantic size, being twenty-eight feet in length, the thigh-bone alone

having been forty inclies long, though the humerus was only about one half this length.

The animals wandered through the old American forests and used their small fore

limbs to grasp the branches of trees and direct them to the mouth. In water as weU
as on land they were active.

Closely allied to the previous reptiles, though having the teeth in a single row, was
the Iguanodon of the European Jurassic, an animal presenting many points of structure

in common with the iguana of to-day. Especially iguana-like were the peculiar teeth.

Though in the several museums of

Europe there are many fossil rep-

resentatives of this genus, the skel-

eton of /. bernissartensis, lately

found in Belgium, and now in the

possession of the Brussels museum,

is by far the most perfect, there

being but a few fragments missing.

The animal walked on its hind

limbs, as do the birds, and left in

the Wealden strata its three-toed

tracks. The fore limbs, as will be

seen from the figure, were extreme-

ly short, and, besides being used

in gathering food, were probably

organs of defence, the thumb be-

ing covered with a strong, conical spine, which could have pierced through the

body-walls of any animal which might unwittingly lead an attack. When stand-

ing up, as it did while feeding, the Iguanodon had a stature of fourteen feet, though

when stretched out in the water, its broad tail acting as a propeller, it probably was
twenty-eight feet in length. Scelidosaurus differed from the Iguanodon in having

four digits on its hind feet, though its teeth were in a single row. Specimens are

very uncommon.

In 1878 what was then the largest known land animal was described by Professor

Cope as the Camarasaurus supremiis, a reptile having the fore and hind limbs well

developed, the femur alone being six feet in height, and the animal having a total

length— including the strong and elongated tail— of about eighty feet. One of the

dorsal vertebrae measured over three feet in width, and equalled in size those of the

right whale. Such a huge reptile wandei-ed about on the shores, or in the shallow

water, where it could easily reach to the tops of the larger shrubs, or, by resting on its

haunches, it might browse on the tops of trees. It held its own, as a fossil, without a

rival, for only a short time, for soon, from the same deposit, the early cretaceous of

Dakota, appeared the bones of an allied animal, but differing in having the vertebral

centra strongly biconcave, or amphicoelous, a peculiarity which gave origin to the

VOL. III. — 30

Fig. 268.— Iguanodon bernissartensis^ as restored by DoUo.
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generic portion of the scientific name, Amphiccelias alatus. The femur of this ani-

mal, though exceeding in length that of the Camarasaurus, was much more slender and

probably supported a less bulky animal, though one that probably liad a greater

height. It is estimated that A. alatus could reach to the tops of trees thirty feet high.

But huge saurians did not stop with the discovery of this species, for soon there was

brought to light the fragments of an animal, one of whose dorsal vertebrae measured six

feet from the base of centrum to tip of spine, and, if of similar proportions to its con-

gener, its femur must have measured twelve feet, and the whole animal may have ex-

ceeded the length of one hundred feet. This species has been named A. fragillimus,

and possibly walked along the rocky shores, submerged in the water, and feeding on

algae or other vegetable matter.

The figure illustrating the skeleton of Brontosaurus was made from a single indi-

vidual of about fifty feet in length, and beautifully illustrates the peculiarities of

structure presented by members of this group. The head, it will be seen, does not

exceed in size some of the bones of the neck, and the brain cavity is of the smallest

dimensions, indicating an animal of stupid habits. Such a reptile may have splashed

round in the water in search of marine vegetable growths, each time it placed one of

Fig. 269. —BraniosauTus.

its feet down making a depression a yard square and of considerable depth, as an

animal was supported which weighed twenty tons or more, a weight so great that the

reptile was not infrequently mired. In its habits it was slow, and probably intimi-

dated what few enemies it might have had by mere size alone, as there have been found

no offensive organs nor defensive armor. When walking on shore it might occasion-

ally have elevated itself on its haunches, and, propped up by its tail, reached into the

tops of the trees and bi'owsed on the leaves and small branches. In this upright posi-

tion, however, it is not likely that the animal could progress for any great distance.

We now come to the group of Dinosaurian reptiles which had the tarsal bones

united with the tibia and at an angle, effectually preventing the foot from being ex-

tended in a line with the leg, a peculiarity of structure presented also by the young

chick. The most interesting genus is Lcelaps, some of the representatives of which

stood eighteen feet in height and were carnivorous animals of the most rapacious

habits. They undoubtedly kept within proper limits animals which might otherwise

have unduly increased in numbers. The structure of the bones of the hind limb

show Lcelaps to have been a plantigrade biped, while the massive tail gives reason for

believing that, when at rest, a position was taken not unlike that maintained by the

kangaroo. The jaws were of considerable size and armed with sharp lance-like teeth,
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which could probably tear through the tough hide of even the Hadrosaurus. While
hunting, the Lselaps probably wandered around the lowlands, or swam along the shore,

until it arrived within twenty-five or thirty feet of its victim, when, with a spring, it

cleared the distance, crushing its prey by the weight of its fall, and tearing it to pieces

by means of its stout claws and sharp teeth. The crocodiles must have regarded this

"animal as their greatest enemy, excepting the sharks, while the smaller Dinosaurs

probably held it in the same esteem as do to-day the jackals the lion, an animal which
leaves much that to them is useful.

Order XI.— ORNITHOSAURIA.

We have now reached the highest order of reptiles, the members of which, all now
extinct, resembled the birds most, of living animals. The fore and hind limbs were

specialized for an aerial life;

the beak, though often toothed,

was, in many forms, encased in

horn ; the neck was long and

the skull, firm and rounded,

with large orbits, strongly re-

sembled that of the birds.

Though the pelvis and hind

limbs were like those of liz-

ards, the shoulder-girdle with

its keeled sternum and wing-

supporting bones were remark-

ably avian. In the vital organ-

ization, also, a remarkable ap-

proach to the birds was made.

The optic lobes were pressed

below the cerebrum, and the cir-

culatory system is believed to

have been of warm blood, a sup-

position strengthened by the

fact that the bones were pro-

vided with air-sacs, to which

pneumatic ducts lead from
the bronchial tubes, a respira-

tory system characteristic of

only tlie warm-blooded birds.

Feathers, however, nor any

other means of protection, have

not been found with the fossils. The wing consisted of a thin flap of skin, resembling

that of the bats, and supported by an elongated ulnar finger. The several members of

the order were of varying dimensions, ranging from the size of a sparrow to that of the

condor. They were contemporaneous with the Dinosaurs, and formed a peculiar fea-

ture of the mesozoic landscape, as they flapped their wings on their journeys through

the air, or as they perched themselves, comorant-like, along the shore, in company with

the loon-like Hesperornis.

Fig. 270.— Pterodactyl.
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The Pterodactyls had the jaws provided with teeth, planted some little distance

from each other, and long and slender, which were probably of use in securing fish and

smaller reptiles. The tail was short and insignificant, there being a regular decrease

in the size of the vertebrae from the neck posteriorly. The centra were, like those of

existing crocodiles, most lizards, and all ophidians, concave anteriorly and convex pos-

teriorly. Though good flyers, the pterodactyls were able to make but poor progress

on land, and probably crawled along, when obliged to, as do the bats of to-day.

When resting, they probably suspended themselves to the cliffs, or to the branches of

trees, the fingers seeming to indicate this habit. Pterodactylus crassirostris inhabited

the lowlands of Germany, and was about a foot in length. Many other species are

known from the European deposits. America can boast of but few species, but

such as we have are of the largest size. -P. umbrosus, from the Kansas chalk, had an

alar extent of nearly twenty-five feet, while P. occidentalis measured eighteen. The

Pteranodons differed from the pterodactyls in having the jaws destitute of teeth.

They were, however, probably armed with horn.

Jthamphorhynchiis is a genus of flying reptiles which inhabited Europe during the

Jurassic period. The jaws were provided with long, sharp teeth, the eyes were large

and well developed, and the flying membrane was supported, as in the pterodactyl, by

the long ulnar fingers, and was of such a size as to easily support the body. The most

peculiar feature, however, was the elongated tail, which equalled one of the wings in

length. P. phyUurus carried at the end of this appendage a terminal, fan-like rudder,

which was of use in directing the reptile's flight. Almost perfect remains have been

found in the lithographic slate of Germany.

The European Pimorphodon had teeth of two kinds; those of the anterior portion

of the jaw being large and long, while behind these was a series smaller and more com-

pressed. The skull of P. macronyx was about eight inches long, and the wings ex-

panded four feet. It is the oldest known form of the order.

The long series of cold-blooded vertebrates has been reviewed. Next come those

whose blood is considerably warmer than the medium in which they live. The transi-

tion, however, is not abrupt. We have seen that some of the reptiles, especially the

extinct forms, have avian tendencies. Among the birds, on the other hand, we shall

see forms which have many reptilian features. In fact, the relationship existing be-

tween the reptiles and birds is closer than that between the reptiles and the forms

with which, by the exigencies of publication, they are associated in this volume. By
Huxley these two— Reptiles and Birds— are united in a group, Sauropsida.

Hbemost C. Bumpus.
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Black-fish, 159, 173, 223, 238

„ rook, 223
Black-horse, 132
Black-snake, 365, 366, 382

„ mountain, 365
Black-swallower, 247
Blanquillo, 247
Bleak, 131
Bleekeria, 261
Blenniidae, 257
Blennioidea, 257
Blind-fish, 172
Blind-worm, 426
Blinks, 193
Blood-sucker, 411
Blue-back, 136
Blue-fin, 149
Blue-fish, 182, 214, 239
Blue-perch, 239
Blue-pike, 228, 229
Blue-sharks, 82
Blunt-head, 373
Boa, 359

,, dog-headed, 361

,, ringed, 361
Boa constrictor, 360
Boar-fish, 209
Bocoacio, 249
Bodieron, 253
Bogodidse, 235
BoidJB, 359
Boltenia, 57
Bolti, 236
Bombinator, 329
Bone-dog, 76
Bone-fish, 137
Bonito, 198

„ belted, 198
Boom-slange, 368
Borborocaetes, 321
Boregat, 253
Boregata, 253
Borer, 67
Bothrophera, 393
Botryllida;, 53
Botryllus, 58
Bottle-fish, 289
Bow-fin, 97
Box-fish, 289
Box-tortoise, 450

,, Blanding's, 450
Brachycephalus, 340
Brachymystax, 149
Brachysoma, 384
BramidsE, 207
Branchiostoma, 62
Bream, 129, 234

,, copper-nose, 234
Breviceps, 339, 340
Brevoortia, 136
Brindle, 97
Brontosaurus, 466
Brook-trout, 165
Brosmopliycis, 260
Brotulidse, 260
Brotulophidse, 261
Bucephalus, 368
Buffalo-fish, 132

Bufo, 327
Bufonidffi, 319, 327
Bull-frog, 341

,, North American, 341

Bull-head, 116
Bungarum, 381
Bungarus, 381
Burbot, 116, 273
Burgall, 239
Butter-fish, 191

Cabezon, 250
Cacopus, 340
Caeoiliidse, 305
Calamaria, 362
Calamaridee, 362
Calamoichthys, 95
Calamus, 222
California toads, 424
Callechelys, 107
Callichthyidse, 113
Calliohthys, 114
Callionymidse, 257
Callisaurus, 423
Callophides, 384
Callopsis, 384
Callorynchus, 72
Calloselasma, 393
Callula, 340
Calophrynus, 340
Calotes, 411
Calyptocephalus, 331, 344
Camarasaurus, 465
Campbellite, 235
Campostoma, 128
Candle-fish, 145, 254

black, 254
Capelin, 145
Caproidaj, 209
Capros, 209
CaraoanthidsB, 254
Carangidae, 186
Caranx, 187
Carapax, 441
Carawala, 303
Caroharias, 80
Carcharinus, 82
Caroharodon, 79
Caret, 445
Caribe, 134
Carp, 126, 129

„ gold, 130

,, leather, 130

,, mirror, 130
Carphophis, 362
Carpiodes, 132
Carrassius, 130
Catadromous, 103
Cat-fish, 110

blind, 117

,, channel, 118

,, electric, 119

, ,, gaff-topsail, 119

„ lake, 118

,, Mississippi, 118

,, sea, 118

„ small, 117
Catostomidise, 131
Catostomus, 132
Caudisona, 397
Caularchus, 267
Caulolatilus, 247
Cavally, 186
Cave-fishes, 172
Cayman, 464

,, black, 464

„ Orinoco, 464
Cebedichthyidae, 259
Centrarchidse, 230
Centriscid£e, 284
Centriscus, 284
Centropomidae, 212
Centropomus, 212
Centropristis, 223
Centroscyllium, 76

Centroscymnus, 76
Cephalacanthidse, 252
Cephalacanthus, 253
Cephalaspidae, 92
Ceratiidae, 293
Ceratodidas, 300
Ceratodus, 300
Ceratohyla, 339
Ceratophrys, 326, 331, 332
Cerdalidie, 261
Cestracion, 78
Cestracionldae, 78
Cetorhinus, 79
Chacidae, 115
Chsenopsidfe, 259
Chajtodipterus, 20O

Chsetodon, 210
Chaetodontidie, 210
Chsetodontoidea, 209
Chaetostomus, 113
Chamaeleontidae, 440
ChamsBsaurus, 426
Chameleo, 440
Chameleon, 421, 440

,, American, 420
Chamidae, 137
Chamistes, 132
Chauos, 137
Characinidae, 125, 132
Cliarina, 355
Charr, 164

,, Floeberg, 165

,, Greenland, 167
red, 150, 165

Chatoessus, 135
Chauliodontidae, 141
Chauliodus, 140, 141
Cheecha, 408
Cheilorhina, 362
Chelonia, 440, 445
Cheloniidje,443
Chelopus, 449
Chelydidae, 455
Chelydobatrachtis, 328
Chelydra, 452
Chelydridae, 452
Chelys, 454, 456
Chersydrus, 375
Chevreulius, 54
Chiasmodon, 247
Chiasmodontidae, 247
Chilobranchidae, 100
Chilodipteridae, 235
Chilomycterus, 290
Chimaera, 71
Chioglossa, 375
Chiracajithus, 92
Chiridse, 253, 257
Chirocentridae, 134
Chirocentrus, 134
Chiromantis, 341, 343
Chirotes, 443
Chitra, 447
Chlamydosaurus, 412, 428
Chlamydoselachidae, 75
Chlamydoselachus, 75
Chologaster, 172
Chondropterygii, 68
Chondrostel, 92
Chonerhinidae, 292
Chordata, 2
Chorophilus, 330, 335, 338
Christmas-fish, 279
Chromididae, 235
Chromis, 236
Chrosomus, 127
Chrysemys, 448
Chrysopelea, 369
Chub, 131

,, mackerel, 197
„ river, 129
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Chub, silver, 128
Cichlldse, 235
CinosternidsB, 452
Cinosteriram, 453
CirrhitidsB, 248
Cirrhosomus, 290
Cisco, 149
Cistudo, 451
Citharininse, 133
Clarias, 114
ClariidsE, 114
Clepsydropus, 458
Clidastes, 403
Climbing-fish, 242
ClinidsB, 257
Clotho, 392
Clupea, 135
Clupeidse, 135
Cnemidophorus, 431
Cobia, 212
CobitidsB, 125
Cobitis, 12()

Cobra, 376
Cobra-da-capello, 376
Cobra-mouil, 392
Cock-paidle, 251
Cod, 268

„ bastard, 253
„ buffalo, 253

„ cultus, 253

,, green, 253

„ rook, 248, 253

„ torn, 273
Codfish, 253
Coeoilia, 318
Coeoilildae, 317
Coelopeltis, 372
Coleonyx, 410
Colocephali, 101
Colostethus, 340
Colpochelys, 446
Coluber, 365
Colubridae, 365
Colubriformia, 353
Conger-eel, 105, 259
Congers, 105
Congo, 259
Congridse, 105
Congrogadldse, 261
Conodoiits, 65
Copelatse, 56
Copper-head, 394
Coregonus, 147
Coronella, 363
Coronellidse, 363
Coryphsena, 191
Coryphaenidse, 190
Coryphfenoides, 275
Cottidse, 249
Cottus, 250
Crab-eater, 212
Crania of anura, 320, 321
Craniata, 2
Cranopsis, 328
Crappie, 235
Crevalle, 187, 188
Crlootus, 305
Crocodile, 459

,, American, 462

,, black, 462

„ double-crested, 462

„ false, 462
„ Nile, 459

,, Orinoco, 462
Crocodilla, 459
Crocodilus, 459
Crossopterygii, 95
Crotalus, 397
Crotaphytus, 423
CryptacanthodidsB, 259
Ctenodus, 91

Ctenoids, 91
Ctenolabrus, 239
Ctenoptychius, 78
Cubby-yew, 212
Cultripes, 321, 331
Cunner, 239
Curimatinse, 133
Cusk, 273
Cutlass-fish, 206
Cybium, 201
Cycleptus, 132
Cyclodus, 437
Cycloids, 91
Cyclomjraria, 59
Cyclophis, 365
Cyclopium, 114
Cyclopteridse, 250
Cyclopterus, 251
Cyclostomata, 65
Cyolostomi, 65
Cyolura, 418

,, smooth-backed, 418
Cylindrophis, 354
Cymatogaster, 241
Cyuodon, 133
Cynoscion, 213
Cynthia, 57
Cyprinida), 126
Cypriuodon, 171
Cyprinodontldse, 171
Cyprinus, 129
CystignathidsB, 326, 329
Cystignathus, 330
CyttidsE, 208

Dactylopteridse, 252
Dactylopterus, 253
Dactyloscopidaj, 254
Dallia, 173
Dalliidse, 173
Damalichthys, 240
Darter, 229

,, least, 230
„ sand, 230

„ striped, 230
Dasybatus, 88
Dasypeltus, 373
Day-light, 278
Deal-fish, 265
Death-adder, 384
Delma, 411
Dendraspis, 384
Dendrobates, 339
Dendrobatidse, 339
DendrophidsB, 368
Dendrophis, 368
Dendroijhrynisoidffi, 326, 329
Denisonia, 384
Desmognathidse, 314
Desmognathus, 314, 329
Desmomyaria, 60
Devil-fish, 189
Diabolichthys, 89
Diadophis, 364
Dibamidae, 440
Dibamus, 440
Dicentrarchus, 225
Dicerobatis, 89
Dicynodon, 458
Didemnidae, 58
Didocus, 321
Diemenia, 379
Diemyctylus, 316
Dimorphodon, 468
Dinematichthys, 260
Dinichthys, 92
Dinosauria, 464
Diodon, 290
Diodontidse, 290
Diplacanthus, 92
Diplodactylus, 409

Diplodus, 221
Dipneumonia, 300
Dipnoi, 299
DipsadidsB, 373
Dipsas, 373
Dipsosaurus, 422
Dipterus, 95, 302
Discocephali, 263
Discoglossidse, 327, 329
Disooglossus, 329
Discophidee, 340
Distichodon, 134
DistichodontidsB, 134
Ditrema, 241
Doctor, 211
Dog-fish, 97

,, black, 76

,, bone, 76

„ picked, 76
,, skittle, 76

,, smooth, 82
Doko, 301
Doliolum, 60
Dollardee, 234
Dollar-fish, 188, 191
Dolphin, 190
Doradinse, 119
Doras, 119
Dorosoma, 135
Dorosomatidse, 134
Dory, 208, 228
Draco, 411
Dragon, California, 423

„ flying, 411

„ Gabb's, 423

„ spotted-tailed, 423
Drepanidae, 207
Dromiscus, 367
Drum, 215, 216

,, beardless, 214

„ branded, 214
Drum-fish, 217
Dryophidae, 369
Dryophis, 369
Duck-bill cat, 94
Dussumieriinae, 136
Dyscophidae, 339, 340

Eagle-rays, 89
Echeneididae, 263
Echeneis, 264
Echidra, 392
Echinorhinus, 75
Echis, 392
Eel, 101

,, conger, 105
„ electric, 124

,, pug-nose, 107

„ sand, 137, 261
,, sea, 105

Eel-mother, 103
Eel-pout, 259
Egg-fish, 289
Elachistodon, 373
Elapidae, 376
Elapides, 379
Elaps, 379
Elasmobranchii, 68
Elasmosaurus, 458
Elecate, 212
Elecatidae, 212
Electrophoridae, 124
Electrophorus, 124
Blopidae, 137
Slops, 137
Elosia, 321
EmbiotocidsE, 239
Embolomeri, 304, 305
Emperor of Japan, 21Q
Emydisedid, 447
Emys, 450
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Enohelycephali, 101
EngraulididsB, 134
Engraulls, 134
Engystoma, 340
Engystomidae, 339, 340
Enneacanthus, 234
Eperlan, 145
Ephlppiidse, 209
Epiorates, 361
Epidalea, 328
Epigonichthys, 64
Epinephelus, 224
Eques, 218
EquuUidae, 207
Erimyzon, 132
Erycidse, 355
Eryops, 303
ErythrinsB, 133
Eryx, 355
Esocidas, 168
Esox, 369
Etheostoma, 230
Etheostominse, 229
EublepharidBe, 409
Eublepharis, 410
Eugyra, 57
Eulachon, 145
Eulamia, 73, 82
Euleptorhamphus, 175
Eumeces, 439
Eunectes, 361
Euprotomiorua, 76
Eurypharynx, 109
Eusophus, 321
Eutsenia, 371
Eventognathi, 125
Exoooetidse, 173
ExocoetiuEe, 175
Exoooetus, 175
Exoglossum, 128
Exostoma, 113

Fair-maid, 219
Fall-fish, 128
Famocantrata, 410
Farancia, 372
Fario, 151
Fat-back, 179
Fer-de-lance, 396
Feuerkrote, 328
Feylinia, 440
Fierasferidse, 200
Fighting-fish, 245
Finnan Haddies, 271
Pirmisternia, 339

Fishes, 90
Fishing-frog, 177
Fish of paradise, 245
Fistularidae, 283
Flat-fishes, 275
Flying-fish, 173, 175, 253
Fodiator, 175
Fool-fish, 279
Fork-beard, 273
Frog, 317, 341

„ bull, 341

,, green, 343

„ wood, 342
Frost-fish, 206
Fundulus, 171

Gadidae, 267
Gadinae, 268
Gadopsidse, 259
Gadus, 268
Galaxiidse, 143
Galeiohthys, 119
Galeocerdo, 82
Galeorhlnidae, 81
Galeorhinus, 82
Galeus, 82

Gambusia, 171
Ganocephala, 304
Ganoidea, 90 '

Gar, 175

„ broad-nosed, 97
Gar-fish, 175
Garibaldi, 237
Gar-pikes, 96
Garrupa, 249
Gasterosteidae, 280
Gastorosteus, 283
Gastreohmia, 318, 339
Gastrobranclms, 67
Gastrostomus, 109
Gavial, 459
Gavialis, 459
Gebnrtshelferkrote, 329
Gecko, 406

„ flying, 409

„ variegated, 410
St. Lucas, 409

,, Xantus, 409
Geckonidae, 406
Genypterus, 260
Geophagus, 236
Geophis, 362
Geotria, 57
Geotriton, 314
Gerrhonotus, 427
Gerrhosauridse, 436
Gerrhosaurus, 436
Gila monster, 428
Gillichthys, 257
Ginglymodi, !)6

Glanencheli, 123
Glanis, 115
Glanostomi, 92, 93
Glass-eye, 228
Glass-snake, 427

,, Khasya, 434
Globe-fish, 289
Glossolega, 31-7

Glyphoglossus, 340
Gobiesox, 267
Gobiesocidse, 267
Gobio, 129, 131
Gobioidea, 255
Goggle-eyed-jack, 187
Goggler, 187
Gold-fish, 130, 237
Goniopholis, 464
Goniosoma, 368
Gonorhynchidae, 137
Gonorhynchus, 137
Gonostoma, 140
Goodie, 215

Cape May, 213, 217
Goose-fish, 177, 295
Gopher, 453
Gourami, 243
Grammicolepididse, 207
Grande ecaille, 137
Grayling, 150

„ American, 151

,, common, 151
Gray-pike, 151
Green-cod, 253
Green-fish, 183
Grilse, 160
Grindle, 97
Gronias, 117
Ground-snake, 362

„ ,, Australian, 363
Grouper, 224

red, 224
Grunt, 218
Grypiscus, 321
Grystes, 230
Guaican, 264
Guana, 415
Guasa, 224

Gudgeon, 129, 131
Gular, 349
Gurnard, 252
Gymnarchidae, 121
Gymnarchus, 121
Gymnodontes, 289
Gymnonoti, 123
Gymnophiona, 317
Gymnotidae, 124
Gyropleurus, 78

Haddock, 270
Hadrosaurus, 465
Haemulon, 218
Hsemulonidae, 218
Hag-fish, 67
Hair-tails, 206
Hake, 274

Old England, 275
silver, 275

Hake's dame, 273
Halecomorphi, 97
Halibut, 276
Hallefisk, 276
Halleflundra, 276
Halosauridae, 142
Halosaurus, 142
Hammer-head, 80
Haplochiton, 143
Haploohitonidse, 143
Haplodinotus, 217
Haplomi, 168
Hard-tail, 188
Harpagiferidae, 247
Harvest-fish, 191
Hatteria, 456
Helicops, 372
Heleioporus, 330
Hell-bender, 309
Heloderma, 428
Helodermatidae, 428
HeloBcetes, 237
Hemibranchii, 280
Hemichromis, 236
Hemidaotylus, 408
Hemilepidotus, 249
Hemiphractidae 327, 339
Hemiramphina), 174
Hemiramphus, 174
Hemisalamandra, 315
Hemisidse, 339
Hemisus, 339
Hemitripteridse, 254
Henioohus, 210
Heu-paidle, 251
Heptanchus, 74
Heros, 237
Herpetodryas, 325
Herpeton, 369, 372
Herring, 135

,, branch, 135
glut, 137
lake, 149
Ohio, 133

„ toothed, 138
Heterandria, 171
Heterodon, 304
Heterodontus, 78
Heterosomata, 275
Heterotis. 143
Heterostichus, 257
Hexagrammus, 253
Hexanchidae, 74
Hexanchus, 74
Hiatula, 238
Hiplopagrus, 223
Hippooampidse, 285
Hippocampus, 285
Hippoglossus, 276
Histiobranchus, 108
Histiophoridae, 203
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Histiophonis, 203
Histiurus, 413
Hoe, 76
Hog-ohoker, 280
Hog-fish, 229
Holaoanthus, 239
Holbrookia, 424
Holconotidse, 239
Holocentridae, 181
Holooeutrus, 182
Holocephali, 71
Hologerrhum, 374
Holostel, 97
Holostomi, 100
Homalopsidse, 372
Homalopteridae, 125
Hopliohthyidse, 254
Hoplocephalus, 381, 382
Hoplopleuridse, 142
Horn-fish, 229
Horned-pout, 116
Horned-toads, 425
Horny-head, 129
Horse-fish, 188
Horse-head, 188
Hound, 82
Huohen, 163
Hucho, 163
Hundfisch, 170
Huro, 230
Huso, 93
Hydraspis, 456
Hydrocyou, 133
Hydrocyoninse, 133
Hydrophidse, 384
Hyla, 335, 337
Hylambates, 341
Hylella, 337
Hylidae, 327, 335, 337
Hylodes, 322, 330
Hynobius, 311
Hyodon, 138.
Hyodontidae, 137
Hyperoartia, 65
Hyperodapedon, 457
Hyperolius, 341
Hyperotretia, 67
Hypnale, 393
Hypomesus, 146
Hypopachus, 340
Hypophthalmidae, 112, 120
Hypostomides, 262
Hypsiboas, 335, 336, 339
Hypsirhina, 372
Hypsifario, 153
Hypsypops, 237
Hysterooardus, 241

Ichthyborinae, 134
Ichthyocephali, 100
Ichthyodolurites, 68
lohthyomyzon, 67
Ichthyopterygia, 457
Ichthyosauri, 457
Ichthyosaurus, 457
Icosteldae, 247
Ictalurinse, 116
lotalurus, 118
Ictobius, 132
Id, 131
Idus, 131
Iguana, 415, 418

,, horned, 415

„ naked-necked, 415
Iguanidse, 414
Iguanodon, 465
iSconnu, 149
Ipnopidse, 137
Ipnops, 139
Isistius, 76
Isospondyli, 134

Isurus, 79
Ixalns, 341

Jaoare, 464
Jack, 186, 249
Jack-salmon, 228
Jew-fish, 224
' John A. Grindle,' 97
'John Dory,' 208, 249
Jordanella, 171

Kettle-maw, 295
Killifishes, 171
King-fish, 72, 178, 215
King of the herrings, 207
Kneria, 125
Kneriidse, 125
Komtok, 301
Kowalevskia, 66
Kurtidse, 207

Labidesthes, 178
Labracidse, 225
Labrax, 225
Labridse, 238
Labrinse, 238
Labrus, 238
Labyrinthodon, 305
Lacerta, 434
LacertidsB, 433
Lacertilia, 405
Lady-fish, 137
LiElaps, 466
Leemargidse, 75
Lafayette, 215, 217
Lagocephalus, 290
Lagodon, 222
Lamna, 79
Lamnidae, 79
Lamper-eel, 259
Lampetra, 65
Lampreys, 66
Lamprididse, 207
Lampris, 207
Lancelot, 62
Langya, 181
Lant, 261
Latilidse, 246
Latilus, 247
Latris, 248
Launce, 261

„ sand, 261
Lavaret, 148
Lawyer, 97
Leather jacket, 288
Lederkarpfen,130
Lepidomeda, 129
Lepidopididae, 206
Lepidopleurini, 94
Lepidopus, 206
Lepidosiren, 300
Lepidosteidae, 96
Lepidosteu's, 96
Lepidotldae, 96
Lepomis, 233
Leptooardii, 62
Leptocephalus, 106
Leptodactylus, 330
Leptognathus, 373
Leptophis, 368
Leptops, 117
Leptoscopidse, 254
Letharchus, 107
Leuciscus, 131
Liasis, 359
Ling, 212, 260
Liodon, 404
Liolephis, 414
Liopelma, 329
Lirus, 191
Lithodytes, 330

Litholepis, 96
Liring-fish, 181
Lizard, 407

„ alderman, 423
„ croaking, 409
„ frilled, 412
„ Galapagos, 416

„ gray, 434

„ green, 435

„ ground, 431, 438, 439
,, Holbrook's, 424
„ many-keeled, 427
„ Oregon, 427

pine, 422
„ safeguard, 431
„ sail, 413
„ sand, 434
„ scaly, 434
„ six-lined, 431
„ spine-tailed, 418
„ striped, 431
„ tuberculated, 415
„ variegated, 431
„ water, 429

Lizard-fish, 139
Loaches, 125
Loche, 273
Log-fish, 191
Loggerhead, 444
Loke-Sild, 149
Longe, 167
Look-down, 188
Lophidse, 293
Lophius, 177, 294
Lophobranchii, 285
Lopholatilus, 246
Lophopsetta, 278
Loricaria, 113
LoricariidEe, 113
Loricati, 248
Losh, 273
Lota, 116, 273
LotinsB, 273
Lucise, 59
Luoifuga, 260
Lucioperca, 228
Lump-fish, 250
Lump-sucker, 251
Lung-fishes, 299
Lutj'anidoB, 222

j

Lutjanus, 222
Luvaridse, 207
Lycodidse, 259
Lycodon, 374
Lycodontidse, 374
Lyomeri, 109

Mackerel, 191

„ big-eyed, 197

„ bull, 197

„ chub, 199

„ easier, 197

,, frigate, 197

„ horse, 183, 100

,, snapping, 183, 199

„ Spanish, 201

„ tinker, 197

„ yellow, 188
Macrochelys, 452
Maoropodus, 245
MacrorhamphidaB, 284
Hacrorhamphus, 284
Macruridae, 275
Maorurus, 275
Madregal, 190
Maenidae, 235
Maigre, 214
Malacanthidae, 247
Malaooclemmys, 448
Malacosteus, 141
Malapterurinae, 119
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Malapterurus, 119
Mallotus, 145
Malthe, 296
Manoulus, 313
Manta, 89
Marbled Polychrus, 415
Marsbanker, 187
Marsipobranchiata, 65
Massasauga, 397
Mastacembelidse, 110, 259
Matheidse, 296
Maurolicus, 140
Meagre, 214
Meda, 129
Megsera, 393
Megalobatrachus, 308, 311
Megalops, 137
MelanogrammuB, 270
Melanophidium, 354
Menhaden, 136
Menidse, 267
Menidia, 178
Meuobranchus, 307
Menticirrus, 215
Merlangus, 272
Merluciidse, 274
Merluoius, 275
Merou, 249
Mesogonistius, 234
Metapoceros, 417
Mioristodus, 79
Microgadus, 273
Miorohyla, 340
Microperca, 229, 230
Micropterus, 230
Microstoma, 144
Miller's-thumb, 250
Minnilus, 127
Minnow, 127, 131, 170

,, mud, 170

„ top, 171
Misgurnus, 126
Moocassin, highland, 394

, , water, 395
Mola, 291, 292
Molaoanthus, 292
Molge, 315
Molgophis, 305
Molgula, 57
Molldse, 291
Mollienesia, 171
Moloch, 414
Molva, 273
Monascidife, 56
Monitor, 430

,, water, 431
Monk-fish, 84, 295
Monocentridae, 182
Monopneumonia, 300
Monopteridae, 100
Moon-eye, 137
Moon-fish, 188
Mordacia, 67
Morelia, 359
Moringua, 108
Moringuidae, 107
Mormyridse, 121
Mormyrus, 121
Morone, 226
Mosasaurus, 404
Mossbunker, 136
Moxostoma, 132
Mud-eel, 308
Mud-fish, 97
Mugil, 103, 179
Mugilidffi, 178
Mullet, 178

„ big-eyed, 178

„ jumping, 178

„ sand, 178

„ silver, 178

MullidsB, 245
Mullus, 245
Mummichog, 179

„ blue-fish, 179
Muraena, 107
Mursenidse, 107
Mursanopsis, 308
Murry, 107
Muskallunge, 169
Mustela, 81
Mutton-fish, 259
Myctophum, 139, 140
Myliobatidae, 89

Myliobatis, 89
Myrichthys, 107
Myxine, 67
Myxinidie, 67
Myxooyprinus, 132

Naja, 369, 376, 377
Nako, 459
Nannocharaoinae, 133
Narcacion, 87
Narcine, 87
Nardoa, 359
Natricidse, 369
Nauclerus, 190
Naucrates, 189
Necturus, 305
Nemachilus, 126
Nematistiidae, 207
Nematogenyinse, 120
Nematognathi, 110
NemichthyidBB, 108
Nemichthys, 108
Nemophididse, 257
Nessia, 438
New-light, 235
Nipper, 239
Norway-haddock, 249
Notacanthidae, 110
Notaeus, 98
Notemigonus, 129
Notidanidae, 74
Nototheniidae, 247
Nototrema, 322, 337
Notropis, 127
Noturus, 117

Oar-fish, 266
Odacidae, 239
Odontaspis, 80
CEdipus, 314
Oestooephalus, 305
Oikopleura, 56
Oligodorus, 362
Oligosoma, 438

Ombre chevalier, 165
Oncorhynchus, 151
Opah, 207
Opheosaurus, 427
Ophibolus, 364
Ophichthyidae, 107
Ophlohthys, 107
Ophidia, 348
Ophidiidae, 260
Ophidioidea, 261
Ophiobolus, 367
Ophiooephalidae, 180
Ophiocephalus, 181
Ophiodes, 427
Ophiodon, 253
Ophiophagus, 378
Ophisnerus, 107
Opisthodelphys, 322, 337
Opisthognathidse, 247
Opisthomi, 110, 116
Opisthonema, 136
Opoterodonta, 352
Orcynus, 198
Ornithosauria, 477

Orthagoriscidae, 291
Orthodon, 127
Orthopristis, 218
Orvet, 426
Osmerus, 144
Osphromenidae, 243
Osphromenus, 243
Osseter, 93
Osteoglossidffi, 142
Osteoglossum, 142
Osteophygls, 446
Ostraoiontidae, 288
Ostracodermi, 288
Otaspis, 329
Otaego-bass, 148
Oudenodon, 458
Oxudercidae, 257
Oxybelis, 368
Oxyglossus, 344
Oxyrhopus, 374

Paddle-fish, 94
Pagrus, 219
Palaeobatrachus, 329
Palaeonisous, 96
Paludioola, 328
Panal feri, 243
Pantodon, 142
Pantodontidae, 142
Pantosteus, 132
Paradise-fish, 245
Pareas, 374
Paralepididse, 139
Paralichthys, 278
Parr, 159
Parrot-fish, 239
Passerita, 369
Pataecidae, 259
Pediculati, 292
Pegasidae, 262
Pelias, 391
Pelican-fish, 109
Pelicosauria, 458
Pelobatidae, 331
Pelomedusa, 456
Pelomedusidae, 456
Peltaphryne, 328
Peltopelor, 393
Pempheridae, 207
Pentaoerotidae, 210
Perca, 228
Percesoces, 176
Perch, 227, 240

„ blue, 239

„ log, 229

„ pike, 228

„ red, 237, 249

,, river, 241

„ sea, 239

„ trout, 168
white, 226

„ yellow, 227
Peroldse, 227
Peroina, 229
Perooidea, 213
Peroomorphi, 121
Peroophididae, 247
Percopsidae, 168
Percopsis, 168
Periophthalmus, 257
Peristidiinae, 252
Perophora, 57
Pesce rey, 178
Petromyzon, 65
Phaneropleuron, 302
Pharyngognathi, 99, 235
Philodryas, 368
Phlegethontia, 305
Phosphorescent fishes, 139
Phoxmus, 131
Phractosomata, 92
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PhrynisoidsB, 340
Phrynisous, 340
Phrynooephalus, 413
Phrynomantis, 340
Phrynontis, 340
Phrynosoma, 424
Phrynotitan, 255
Phyoinae, 273
Phycis, 273
Phyllodaotylus. 409
Phyllomedusa, 336, 339
Phyllopteryx, 286
Physostomus, 99
Pickerel, 169
Pig-fish, 218
Pike, 168, 169

„ blue, 228, 229

„ gray, 229

,, Sacramento, 131
„ sand, 229

„ wall-eyed, 228

,, yellow, 228
Pilchard, 136
Pilot-fish, 248, 289
PimelepteridsB, 235
Pimelodiiife, 118
Pin-fish, 222
Pipa, 322
Pipe-fish, 285
Pipidaj, 322
Pisces, 90
Pityophis, 367

. Placodermi, 92

.

Placoids, 91
Plagiodus, 138
Plagiostomi, 72
Plaice, 278
Plakat, 245
Platacidse, 210
Platurus, 376
Platycephalidse, 254
Platydactylus, 407
Platypteridae, 257
Platysaurus, 426
Platysomidje, 95
Platystacus, 112
Plecoglossus, 349
Plectognathi, 286
Plectospondyli, 125
Pleoturus, 354
Plesiosaurl, 458
Plesiosaurus, 458
Plethodon, 313
Plethodontidse, 313
Pleurodeles, 316
Pleurodelidse, 316
Pleurodira, 456
Pleurolepidae, 95
Pleuronectes, 278
Pleuronectidae, 276
Plotosida), 115
Podocnemys, 455
Pogonius, 216
Poisson rouge, 215
Pollachius, 271
Pollock, 271
Polychrus, 415
Polyolinidse, 58
Polynemidse, 263
Polynemus, 263
Polyodon, 94
Polyodontidae, 94
Polypedates, 344
Polypteridae, 95
Polypterus, 95
Pomacentridse, 237
Pomatomidae, 183
Pomatoraus, 183
Pomoxys, 234
Pompano, 188, 191
Porbeagles, 79

Pore des riviferes, 244
Porcupine-fish, 290
Porcus, 116
Porgee, 210, 219, 222, 240
Poronotus, 191
Potamotrygon, 89
Potter, 448
Pout, eel, 114, 273

" horned, 116
Prenadilla, 114
Prendemeys, 448
Pride, 67
Prionotus, 252
Pristidffl, 85
Pristiophoridae, 78
Pristiophorus, 78
Pristipomidae,' 218
Pristis, 85
Promicrops, 224
Propleuridie, 446
Prostherapis, 340
Proteida, 305
ProteidiE, 305
Proteroglypha, 376
Proterosaurus, 457
Proteus, 305
Protonopsidae, 308
Protonopsis, 308
Protopterus, 301
Protostega, 443
Protostegidae, 443
Prototroctes, 143
Psammophida), 372
Psammophis, 372
Psammophylax, 364
Psephurus, 94
Psetta, 278
Psettidse, 210
Pseudecheneis, 113
Pseudechis, 383
Pseudcmys. 448
Pseudis, 330, 831
Pseudobranchus, 306
Pseudochromididae, 247
Pseudonaja, 379
Pseudophryne, 328
Pseudopus, 433
Pseudotropis, 121
Psilodactylus, 410
Psilonotidae, 290
Pteranodon, 468
Pterichthidae, 92
Pterodactylus, 468
Ptilichthyidae, 259
Ptilichthys, 259
Ptychochilus, 129, 131
Ptychozoon, 409
Ptyonius, 305
Puffer, 289
Pumpkin-seeds, 233
Pycnodontidae, 95
Pycnodontini, 94
Pygopodidte, 411
Pygopus, 411
Pygosleus, 283
Pyrosoma, 59
Pyrosomidae, 59
Pythonidae, 356
Pythonomorpha, 402
Pythons, 356
Pytonius, 305

Eabbit-fish, 290
Racer, 366
Eachiodon, 373
Eaohiodontidaj, 373
Eaia, 87
Eaiae, 84
Raiidse, 87
Eana, 341
Ranidce, 319, 340

Eanidens, 311
Eanula, 344
Eattler, 400

,, diamond, 400

„ horned, 402

„ water, 401
Rattlesnake, 397

„ banded, 401

„ black, 397

,, ground, 397

„ Oregon, 399

„ prairie, 399

,, red, 402

,, western black, 399
Eay, 84
Eed-bass, 215
Eed-eye, 131
Eed-fin, 127
Red-fish, 152, 159, 214, 218, 249
Eed-horse, 132, 215
Eed-seed, 193 -

Eeef-bass, 215
Eegaleoidse, 206
Regalecus, 266
Eemhardtius, 278
Eemora, 265
Eeptiles, 345
Eeptilia, 345
Eerias, 393
Retropinna, 144
Ehachitomi, 304, 305
Rhaoochilus, 240
Rhacophorus, 341
Rhamphorhynchus, 468
Rhegnopteri, 262
Rhina, 84
Rhineura, 433
Ehinichthys, 127
Rhinobatidse, 85
Rhinobatus, 85
Ehinodon, 78
Ehinodontidae, 78
Ehinoglaninae, 229
Rhinophis, 354
Ehinophrynus, 327
Rhinoptera, 89
Ehinotriacis, 82
Ehynchodus, 72
Ehyncocephalia, 450
Rhyncosaurus, 457
Ehypticidse, 224
Ehypticus, 225
Eibbon-fish, 265
Eiver-jack, 392
Eiver-perch, 241
Eiver-trout, 161
Roach, 131
Eobalo, 212
Eobin, 252

„ flying, 253
„ sea, 252

Roooidfe, 225
Roccus, 225
Rook-bass, 233
Rock-cod, 248, 253
Rock-fish, 225

„ brown, 249

,, red, 240
Rock-snake, Natal, 358

„ royal, 358
Eock-trout, 253
Rose-fish, 249
Rothfisch, 163
Round-fish, 148
Roussettes, 83
Rudder-fish, 190, 191

Sabalo, 137
Sabre-fish, 206
Saccopharyngidae, 110,
Sail-fish, 203
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Salamander, American, 329

„ spotted, 313
Salamandra, 315
Salamandrella, 311
Salamandridse, 315
Salangidae, 143
Salar, 158
Salarias, 257
Salbling, 165
Salmo, 158
Salmon, 151, 158, 228

„ blue-back, 152

„ dog, 153
„ fall, 156

,, hump-back, 153
„ king, 152

„ land-looked, 161
„ lost, 158

,, Mackenzie River, 149

„ quinnat, 152
„ silver, 153

,, spring, 156
Salmonidte, 146
Salmon-trout, 159, 161
Salpa, 60, 250
Saluth, 115
Salvelinus, 150, 164
Sand-piper, 67
Sarda, 198
Sardinade Espafia, 136
Sardine, 136
Sanger, 229
Sauranodon, 457
Sauromalua, 423
Sauropleura, 305
Sauropterygia, 453
Saw-fishes, 85
Scabbard-fish, 208
Scad, 186

,, big-eyed, 187
Scaphiopus, 333
Soaphirhynchops, 94
Scardinius, 131
Scaridae, 239
Scaro, 239
Scarus, 239
Scatophagidse, 210
Soelidosaurus, 465
Sceloporus, 421
Schaap-sticker, 364
Schnapel, 147
Scisena, 214
Sciaenidse, 213
Scinoidae, 436
Scinous, 437
Sclerodermi, 187
Sclerognathus, 132
Scomber, 192
Scomberesocinse, 173
Scomberesox, 174
Scomberomorus, 201
Scombridae, 191
Soombroidea, 182
Sooodlo, 271
Scopelidse, 139
Scorpsena, 249
Scorpsenichthys, 249
Soorpsenidse, 248
Soorpene, 249
Scorpion, 249, 250

,, brown, 422
Sculpin, 249, 250
Scup, 219
Souppaug, 219
Scyllidte, 83
Scyllium, 83

ScymnidEB, 75
Scymnus, 76
Scyphophori, 121
Scytale, 374
Scytalidae, 374

Scytopis, 321, 339
Sea-bass, 214, 215, 223
Sear^iat, 72
Seardevil, 89
Sear-horse, 285
Sea-owl, 251
Sea-peach, 57
Sea-pear, 57
Sear-perch, 239
Sea^pork, 58
Sea-purse, 85
Sea-rat, 72
Sea^raven, 254
Sea-serpent, 75, 266
Searsuakes, 384
Sea-squirts, 56
Sea-trout, 224, 253
Sea^turtles, 444
Sebastes, 249
Sebastichthys, 249
Sebastodes, 249
Selaohe, 79
Selachii, 68, 72
Selachostomi, 92, 94
Selene, 188
Semotilus, 128
Seps, 437
Sergeant-fish, 212
Seriola, 190
Serpents, 348
Serranidae, 223
Serranus, 223
Serrasalmo, 133
Serrasalmoninae, 134
Sewin, 161
Shad, 135

,, allice, 136

,, American, 136

,, gizzard, 134

„ hickory, 135

„ thwaite, 136
Shad-waiter, 148
Shark, angel, 84

,, basking, 79
bonnet, 81

,, cat, 83

„ cow, 74
„ dog,- 82

,, dusky, 82

„ gray, 80

„ ground, 76

,, gurry, 7(i

,, hammer-head, 80
„ hound, 82

,, mackerel, 79

„ man-eater, 79, 83
„ oil, 74, 82

,, Port Jackson, 78
„ sand, 80

,, shovel-head, 81

,, shovel-nose, 80
,, sleeper, 76

„ spinous, 75

„ swell, 83

„ swingle-tail, 80

,, thresher, 80
„ tiger, 82, 83

„ Whale, 78
„ white, 82

,, zebra, 83
Shark-barrows, 85
Sheat-fish, 115
Sheepshead, 217, 220
Shield-tails, 354
Shiner, 127

„ blunt-nosed, 188

„ golden, 129
Shovel-nose, 80
Side-winder, 402
Siganidae, 212
Sillaginidae, 247

Siluridae, 115
Silurinae, 115
Silurus, 115
Silver-eel, 207
Silver-sides, 178
Silybura, 354
Simenchelyidse, 107
Simenchelys, 107
Simotes, 362
Siphonognathidae, 239
Siranota, 316
Siren, 306
Sirenidffi, 300, 306
Sisoowet, 168
Sisoridae, 113
Skate, barn-door, 88

„ brier, 88

,, smooth, 89

,, tobacco-box, 88
Skates, 24
Skink, 436, 437

„ Bermuda, 439

„ blue-tailed, 439

,, ofiicinal, 437

„ Skilton's, 440
Skipjack, 135, 183, 207
Skipper, 173
Skittle dog, 76
SkuUjoe, 271
Smelt, 144, 178

,, European, 145

„ surf,- 146
Smolt, 159
Snake, ^sculapias, 366

black, 366, 382
black and white ringed,

384
broad-headed, 382
bull, 367
carpet, 359
chain, 364
chicken, 366
coach-whip, 366
collared, 364
coral, 380
corn, 365
desert, 372
diamond, 359, 382
dwarf, 362
emperor, 359
fox, 366
fresh-water, 372
garter, 371
glass, 427
gopher, 367
grass, 370
gray, 367, 379
green, 365
ground, 362
harlequin, 380
hog-nosed, 364
hoop, 372
horn, 372
house, 364
Indigo, 367
king, 367
milk, 364
orange-bellied, 382
pine, 367
rat, 367
ring, 364
ringed, 370
rock, 358
sand, 355
scarlet^spotted, 384
sea, 384
shield-tail, 354
short-tailed, 354
spectacle, 377
spotted-necked, 371
striped, 371
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Snake, thunder, 362
„ tree, 368
„ wart, 374
„ worm, 1H2

Snakes, 348
Snapper, 452

gray, 222
„ mangrove, 222
,, Pensacola, 222

red, 222
Snappers, 183
Snipe-fish, 108, 284
Snook, 212
Soap-flsh, 225
Sole, 279
Sola, 279
Soleidse, 279
Solenoglypha, 376
Solenostoma, 285
Solenostomi, 285
Solenostomidse, 285
Somniosus, 76
Spade-foots, 333
Spanish-mackerel, 201, 254
Sparidse, 218
Sparisoma, 239
Sparus, 218
Spatularia, 94
Spea, 332
Speai-fish, 203
Spelerpes, 314
Spliserodactylus, 408
Sphargidai, 443
Sphargis, 443
Sphenodon, 546
Sphenophryne, 340
Sphryna, 81
Sphrynidse, 80
Sphyrsena, 177
Sphyraenidse, 177
Spifegelkarpfen, 130
Spikes, 193
Spilotes, 367
Spinachia, 283
Spinacidae, 76
Spook, 72
Spoon-bill cat, 94
Spot, 215, 217
Sprat, 136, 240
Spurge-schlange, 377
Squall, 72
Squalius, 129, 131
Squaloraia, 78
Squalus, 76
Squatina, 84
Squatinidse, 84
Squeteague, 213
Squirrel-flsh, 181
Star-gazer, 254
StarUng, 253
Steel-head, 162
Stegocephali, 304, 305
Stegophilinse, 120
Stegostoma, 83
Stellio, 414
Stenodus, 149
Stenorhina, 362
Stenostoma, 353
Stenotomus, 219
StephanoberycidsB, 182

Stereocyclops, 340
Sterlet, 93
Sternoptychidae, 141
Sternopygidse, 125
Sternothseridae, 456
Sterolepis, 224
Stichaeidee, 259
Sticklebacks, 280
Sting-bull, 254
Sting-fish, 254
Sting-rays, 88

Stizostedion, 228
Stoasodon, 89
Stolephorus, 134
Stomias, 140
Stomlatidae, 140
Stone roller, 128
Storeria, 371
Stromateidse, 191
Stromateus, 191
Sturgeon, 92

,, green, 93

„ lake, 93
Stygicola, 260
Stygogenes, 114
Stylophoridae, 267
Stylophorus, 226
Sucker, 132, 263

,, carp, 132

„ hare-lip, 132
„ Missouri, 132

Suck-fish, 263
Sucking-fish, 263
Sudis, 139
Surf-fish, 240

black, 241
Sun-fish, 233, 291

„ blue, 234
,, long-eared, 234

Surgeon, 211
Swell-fish, 289
Swell-toad, 289
Swift, 422
Swingle-tail, 80
Sword-fish, 203, 207
Symbran cilia, 100
Symbranchidae, 100
Synanseidse, 254
Synaphobranchidse, 108
Synaphobranchus, 108
Synascidise, 57
Synentognathi, 173
Syngnathi, 285
Syngnathidae, 285
Syiiodontis, 119
Synodontidae, 139
Synodus, 139

Tadpoles, 327, 343
Taenioid, 206
Taeniosomi, 265
Tailor, 183
Tantilla, 362
Tapetum, 38
Tarente, 407
Tarpum, 137
Tautog, 238
Tautoga, 238
Teiids, 431
Teius, 431
Teleooephali, 121
Teleosaurus, 464
Teleostei, 98
Telmatobius,'331
Temnodon, 183
Tench, 131
Tenpounder, 137
Terrapin, 448

„ geographical, 448

,, red-bellied, 448

,, salt-water, 448

„ yellow-bellied, 448
Testudinidae, 453
Testudo, 433
Tetragonopterinae, 133
Tetragonopterus, 133

Tetragonuridae, 207
Tetragonurus, 207
Tetrapturus, 203
Tetrodon, 290
Tetrodontidse, 289
Teuthidje, 211

TeuthidoidjB, 211
Teuthis, 211
Thalassochelys, 444
Thalassophryne, 255
Thaleichthys, 145
Thaliacea, 59
Theoadaotylus, 409
Theromorpha, 457
Thoracosaurus, 464
Thorius, 314, 315
Thoropa, 321
Thread-fish, 206
Thunder-worm, 433
Thymallus, 150
Ticpolonga, 392
Tilapia, 236
Tile-fish, 246
Tinea, 131
Tinkers, 193
Toad, 327

„ hermit spade-foot, 333

,
, natterjack, 328

,, obstetrical, 529
„ spade, 333

„ spade-foot, 333

,, Surinam, 323

,, tree, 335
Toad, development of, 4
Toad-fish, 255
Toads, 318, 327
Tobacco-box, 88
Tobacco-pipe fish, 283
Togue, 139
Tom-cod, 273
Tomistoma, 459
Tope, 82
Torpedo, 85
Torpedinidae, 85
Tortrioidae, 354
Tortrix, 354
Tortoise, box, 450

„ horse, 449
„ Indian, 454

,, land, 454

„ mud, 453
,, river, 449, 455

,, sculptured, 449

,, wood, 449

,, yellow, 452
Toxotid^, 210
Trabu, 136
Trachinidae, 254
Trachinus, 254
Trachurops, 187
Trachurus, 186
Traohycephalus, 321, 335
Trachynotus, 188
Trachypteridae, 265
Trachypterus, 265
Traohysaurus, 435
Trachystomata, 306
Tragops, 369
Tragycephalus, 335
Tree-frog, 337
Tree-toads, 335
Triacanthidse, 287
Trichiuridse, 206
Trichiurus, 206
Trichodiodon, 291
Triohodontiie, 254
Trichomycteridse, 120
Trigger-fish, 288
Trigla, 252
TrigliE, 252
Triglinse, 252
Trigonocephalus, 396
Trimeresurus, 393
Triodontidae, 289
Trionychidae, 446
Triprion, 335, 339
Triton, 316
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Tropedechis, 383
Tropidolepis, 421
Tropidonotus, 370, 383
Trout, 158

„ black spotted, 161

„ brook, 165

„ Dolly Varden, 167

„ great lake, 1H7

„ lake, 161

„ Mackinaw, 167

„ rainbow, 162

„ Eangeley lake, 165

„ red-throated, 163

,, Rio Grande, 163

„ river, 161

„ rock, 253

„ salmon, 159, 161,

„ sea, 159, 161, 214

,, steel-head, 162
Trumpeter, 248
Trunk-fish, 289
Trygon, 88
TrygonidiE, 88
Tuditanus, 305
Tulllbee, 149
Tunlcata, 53
Tunicates, 2
Tunny, 198
Turbot, 278, 288
Turtle, 440

,, alligator, 452

,, bastard, 446
„ bearded, 454, 456

„ fimbricated, 456

,, fresh-water, 447

,, Greek, 454

,, green, 445

,, hawk-bill, 445

,, land, 454

,
, leather-back, 442, 443

,, leathery, 443

„ loggerhead, 444

,, marine, 440

„ mud, 453
„ musk, 452

,, Oregon, 449

,, painted, 448

„ snapping, 452

„ sof1>shelled, 446

,, speckled, 449

„ trunk-back, 443
Turtle, plates of, 443
Tylosurus, 17(i

Tylototriton, 317
Typhlichtbya, 172
Typhline, 440
Typhlonectes, 318
Typhlopidae, 352
T^phlops, 352

ITlar Sawad, 357
Uma, 422
Umbra, 170
TJmbridsB, 170
Umbrina, 215
Unke, 329

TTranidea, 250
Urauoscopidse, 254
Uroohorda, 2
Urodela, 307
Urogymnus, 89
Urotophus, 89
Uropeltidse, 354
Uropeltis, 354
Uroplates, 410
UroplatidsB, 410
Uta, 422

„ Stanbury's, 422

Vaagmer, 261
Vampyrus, 89
Varanidse, 429
Varanus, 429
Veudace, 149
Vermicella, 384
Vertebrata, 1

Vertebrates,
air-bladder of, 44
auditory organs of, 35
blood of, 46
boues of, 16, 17, 18, 19, 23, 24, 25
brain of, 32
description of, 3
development of eggs of, 4
eggs of, 3, 4
embryo of, 5, &
epidermal appendages of the

skin in, 9
eye of, 37

gills of. 43
glands of, 8, 9, 38, 41, 40
heart of, 48
intestinal system of, 40
lungs of, 45
lymph of, 50
muscular system of, 26
nervous system of, 27
notoohord in, 11

olfactory organ of, 39
origin of organs in, 4, 5, 6
respiratory organs of, 43
ribs of, 13

scales of, 10
sexes of, 3
skeletal structures of, 9
skeleton of limbs of, 21
skin in, 7
skull of, 14
sternum of, 13
teeth of, 10
thymus gland of, 45
thyroid gland of, 46
urogenital system of, 51
vascular system of, 46
visceral skeleton of, 20

Viper, 391

„ Indian, 392
Vipera, 391
Virginia, 362
Vomer, 188

Walking-fish, 181

"Warsaw, 224
Water-dog, 309
Water-pig, 244
Weak-fish, 213

„ spotted, 215
Weever, 254

„ greater, 254
„ lesser, 254

Weissfelohen, 148
Weissfisch, 148
Wels, 115
Welshman, 181
Whitebait, 144
White-fish, 147, 183, 247

,, common, 148

,, lake, 147

,, Menomonee, 148

,, mongrel, 149

,, Musquaw Eiver, 149

,, Kocky Mountain,
148

Whiting, 215, 272, 275
„ lake, 149

,, New England, 275
Wide-gap, 295
AVide-gut, 295
Window-pane, 278
Wing-fish, 262
AVolf-eel, 259
Wolf-fish, 258
Woodcock-fish, 284
Wrass, 238

Xantusia, 431
Xantusidse, 431
Xenelaphis, 368
Xenobatrachus, 340
Xenocephalidse, 261
Xenodermus, 376
Xenomi, 173
Xenopeltis, 354
Xenopodidae, 322, 326
Xenopterygii, 267
Xenopus, 326
XenosauridsE, 426
Xenosaurus, 42(i

Xiphidiontidse, 259
Xiphiida), 203
Xiphiphorus, 171
Xiphosoma, 361

Yellow-tail, 247

Zamenis, 368
Zanclidae, 210
Zenarchopterus, 174
ZenidsB, 208
Zenopsis, 203
Zeus, 208
Zoarceidse, 259
Zoarces, 103, 251, 259
Zonuridse, 426
Zonurus, 425
Zootoca, 435
ZygEena, 81
Zygonectes, 171
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