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THE VOICE OF THE SEA

-The child holds a shell to his ear and hears the roaring ofthe sea. Do not yet tell him that the sound he hears is only
the echo of the rushing of blood in his own head. In a higher
sense the child is right. To him it speaks of the sea, its home.
It bnngs the inland child a message from the vast ocean -the
distant -the mysterious. It widens his narrow horizon; ittakes him to the shore whose waters wash all other shores. He
IS no longer isolated, but put in touch with all the world. Andh« typifies the broad principle that one fact- considered in ahus relations— involves the whole universe."
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PREFACE.

sentative. It is th*. aim f

ine carelul study of a typical repre-

of this ^pe - ^t p Te Xr.' '^''' ""^'^^^ P'^"^^ °^ ^^'^^

processes of digestion circuLiln J
^ of locomotion

; the

itsdevelopmentfill^^ar^^^^^^^^^^^^^ sense organs;

to man. Following the studv of thl 7 ' ^'^ ^"""^'' ^^
representative forms Th. "k °V -^^^ "^ ^ ^^"^^ ^<^<:o"nt of

summarized orr^EaJh chaotTr
T^'"

V"' ^°"P ^^^ «-- '°

of the group.
'P*'' '^°'"^ ^"'^ ^ ^l>"^r classification

of animals. Many of rbTrds1' •
'^^^^^-^^^le for the study

have been killed /those that rtain!r'"'^'*'^'
'"^^^ °^ ^^« '"^ects

hard to find, and'sUll mo e so arXfegJT " '^"^ '''^"^ ^"^ ^-
number of animals are hibematTnl a^' ,'3*' "^ ^"P*- ^ large

choice of time, then, is p^SS^y'limUrto ^!
'^

H
'°" ^''- ^^^

there is an abundance of life in tL ! ^""^ 'P""if- While
be studied then, on tl wide an ^.1,?^-^

'"^ """^ ^°™^ «" better

fell. Again, siLce springt prefT^eff
'''.!"' ''«''^* ^^^^^^^^^^

best time for zoology ^ ^ ^"^
^°'" '^^^y* ^^e faU seems the

The Order of Study — Th*. w f • '

of animals. To know them it LLT ^"" '" *° ""^erstand the lives

their surroundings. To d^ hS TnT7 *° ^^^^^ ^^^"^ '° '"elation to
studied when at the high' of tC .'

^""' '^"""*"«^ '^'y should be
largely determine the ofder of studv

p"'"' '''"' ^'"*^' *''^"' --*
|n the fan, one finds ins tfS\„^°' r*'.""' '' ^°''°^ '^ ^«^°
%>ng their eggs to produce thT^.^^

^-^ ^^^^
iii



IV Preface.

They should be stud.ed before the season of frosts. On the otherhand, fishes can r.. well, or better, be studied later. Since the naturLhistory point of view is prominent, the general principle regu^atinrtSorder of study should be, "follow the season." The birds,C shou^^

migrate early. It is not necessary, nor always desirable, to complete

tl 1 1 °r ^°"P ^'^''' ^'S^""'"S ^"<^^her. Two lines o7workcan profitably be pursued on alternate days or weeks
For fall work, the order here given has been found satisfactoryBut circumstances call for considerable variation ; it is not nece^yToioUow any gxven order with slavish fidelity. If the work beginsTthespring, the teacher may prefer to begin ^ith the cniyfish,ll^m, fi^h!

anrs'tudvTnVt?' ^^"T^''
''' ^'^^""'°S with the lowest animalsand studying them in the ascending order. This gives the clearestIdea of the natural sequence of the animal kingdom.

Other things being equal, it would be better to study animals in theirlogical sequence just as we prefer to learn historiil fac^ inS
r. tn M V ''^''^' *^' "'' °^ '^^ microscope at the outset. Thisimpossible for many schools. Further, the use of the microscope islike a new language, which must be translated. Even if the student

ti"
' WhaTr

'°' '" '""*"^' ''' *^^^"'^-' ^^ -" has dlfiicul-

AH I.
^'/''' '' ""^"^ ^'^"'''^^ ^^^"^ hJ« P'-evious observations

fo that .n t"'
" '"°"^''^^ °' "'^*'°"- ^"*" *h^ "- - -l"edto that already known, it means nothing. The very simplicity of theProtozoan makes it hard to understand. / f

> «

h/in^T'A''
*'

'J^""^"'
^""^^"^ "P°" '^'^ '^^''^' the work maybegm with Chapter XVIII. By following the remaining chapters andthen beginning with Chapter I, the ascending order wUl be followed

noXl "/^'* ""'''""" ^"*' " ^^^^••^ «*^*^d, the teacher shou d

To mosf 'rr 'Tl '"^'? °'''^'*- ^°°^°^>^ '« *he study of animals.For most schools, the best time to study animals is when they can bemost easily collected, for two reasons. First, it involves expense tokeep them on hand to use at a later date. Second, and more impor-
tant, the sooner they are studied after collection, the better. At this

haTe 'nT. '^1
'•'''

u"
'" *'"•" ^^"""^^ ""' ^PP-*"' ^^^ ^^ ^^e studentshave not assisted m the collecting. The study of the home life and

natural surroundings is of vital importance, if the student is to get



Preface. ^

.':oi"™ic'"^s!;:nf
""° "' '"^ <" -'--' -"•o.y, ^lo^, ,„„

subject. The tme Lcher „ iT i' .
" l^

'°° '"'«'' " "'''" ">» "«
in the course of™dy N^tu^ IT,'"

'=' "' "^ P'-« of hb subject

interesting as are thr'acttarol alXheTc:t. "" '"'"'' ''^''-

deeds of men. History is ahnv. nT , u^ °* compare with the

other animals. B^tTe stutnt w^^^^
/''"!," "^^ '^ ^^°^^ '"^^

the meanings of facts in natu
°

h-^
"'''"''* ^'^^ '^^^'^ °f ^^^'^^'^^g

study of hislory. tL st^^vS n'tTJ ' ''"^ ^'^'^ ''^^'^ '"»° *he

children are interested in ^nlri^h'^^^^^^^ '^'' ^-
interpretation once formed wH hi' I . *' °^ observation and

eveo^ line of th, ught To cuLa eT ^v"^'"'^
^"' ^^^^^^ ^"

stant aim of the teacher Th. T-^
^h/se habits should be the con-

to such training, be^te of th. T't T""''' '^^^^^'^"^ '^'^ds itself

and because of^e v^ed adapt^^^^^^^^ '"^T^ '" ^''^ "^"^j-*'

everywhere exhibit.
^^^P^^*'°°s *« their surroundings that animals

The Interpretation of Natitrp- tu^ * j i- ,

^n.is e^eHence. Next, he ™„s.'s^lX^ZZ'T.:^,^He must become possessed by the idea that everv f^rt hJ.

.he Jutio'n of'.'rAu.S'^lt^^r' "'^ ™'°'^ "'' '^^^'"^

.0 da:s";T„t:'at:7hi't h

"*"' '""'°""' ""' "' »«™' >-" how
.ion is of doXf 'J:^ ToT'-f

'•'' ""'"'?^^ ' ^^^'™ °f ''--««-
.hings according ole^,ik?j3^f^"!'7';

'o -«. or to arrange,

is, he puts thofe of a Lnd r«her Th "fJJ" "°*'' ^at
separated. This is daJ-mJ?*

°'' "' '''^'^"' ^'•''^' a,*

blances and differ „ct 17,;"' 7h^/°"'''°^
"""'•'""« "" '-™-

has them. Neither cTn th! „ H ? T""' '"" "'^''^ "»'«' he

.hen,. „ , i.;:^\:^zti'^^z'^' "°"^
"- ^-^

-;ws^^?»M'^



VI Preface.

As the £uts concerning the different kinds of animals become known,
they must be sorted and arranged according to some system. The
basts of classifying animals is structure. Of course the beginner
cannot go deep into anatomy, but he must know some of the more
important facts of structure or else his attempt at classification is com-
paratively useless. Since it is usually impracticable to study animals
in systematic order, the student must learn to arrange his knowledge
as he proceeds. This is not different from mental growth in other
hnes. Our experiences do not come to us classified. Just as an
orderly merchant sorts his new goods, and arranges them on shelves
with previously acquired articles of the same kinds, so the student must
arrange m systematic order his ever increasing stock of knowledge
At the close of the volume will be found the classification of the

animal kingdom according to Parker and Haswell, whose arrangement
IS considered the most authoritative of recent works.

.J^^C^^^"""^
""^ ™^ ^'''''''' °^ Types. -Real kn^kdge comes

through experience. What one learns through another is information.
The teacher must distinguish between first-hand knowledge and second-
hand knowledge. Now the number of animals that any student can
examine is small m comparison with the number in existence. The
study of the ammal kingdom is greatly simplified by the fact that, with
all the vanety of animal forms, there are actually but few different plans
of structure. One important part of the teacher's work is to select the
best types for careful study. On the foundation thus laid much infor-
mation may be built. If one had never seen a Crustacean, he would
get httle from reading about Crustaceans. But, after studying a cray-
fish, a fair^ clear idea of a lobster or a crab may be obtained by read-
ing, for a foundation has been laid in sense perception.
The knowledge of a type may be compared to a peg in a wall ; if it

IS dnven in solid, it wUl hold many facts of information.
The types selected, their number, and the thoroughness with which

they are studied wiU naturally vary with the locality, season, the age
of the student, the time aUotted to the study, and various other
arcumstances.

Definitions. -The stadent should be taught to make definitions.
By comparing a number of related forms, as suggested in the practical
work on uwects, the student should see what characteristics they have
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In common. Thus he is enabled to distinguish groups. Me orized
definitions have comparatively little value. «A neat definition is a
very attractive thing. It seems to offer the sum and substance of
wisdom in portable form. But to understand it, to comprehend what
it includes and what it excludes, the thoughts of the master must be
gone over again in the mind of the disciple,— and then he no longer
needs the definition." But definitions, however made, are often mis-
leading. The fact is that nature has not sharply and distinctly sepa-
rated animals into groups. There are usually no hard and fast lines
between them. If we try to establish a dividing line, we almost always
fina it cutting across some intermediate forms. Since the groups of
animals overlap, and gradually shade off one into another, it is better
not to try to think of them as having definite boundary lines. We
should rather consider each group as arranged about a type at the
center.

Practical Work.— It has been thought best to place the practical
work m the latter part of the book. But this work should, of course,
precede the assignment of lessons in the descriptive text. Effort has
been made to correlate the two parts so that they may be used together
to good advantage. The author is well aware that in many schools the
faahties for field and laboratory work are very limited. He has, there-
fore, thought best to err on the safe side and give rather full descrip-
tions. But the teacher should see to it that the student himself solves
as many as possible of the problems.
The teacher may find help in the "Suggestions to the Teacher of

Zoology," which is issued in pamphlet form by the publishers of this
book.

Economic Importance of Animals.— The common schools aim
pnmanly at intelh.. 1 acquisition and training rather than at indus-
trial application. ,11, the economic side of the study of animals
should be kept clearly in mind. The public has a right to demand
that the knowledge gained in school shall have some practical value.
The economic side, too, is one of the most interesting, and should
receive attention for this reason, if for no other. This is a line of work
in which collateral reading may be most profitably followed. There
are many Reports of the Department of Agriculture which may be
obtained free on application to the Department of Agriculture, Wash-
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>fford„houId be aLsiCoSe" „In. 'n'r'".
" "" «^'">°' «»

to use them freely.
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ZOOLOGY: DESCRIPTIVE AND
PRACTICAL.

PART I. DESCRIPTIVE.

CHAPTER I.

BRANCH ARTHROPODA.

CLASS INSECTA.

Example— The Grasshopper.

The Life of an Animal.- In order to understand the life

in.sT What d
''

>
"°" '' '' ^'^P^^^ '^ ''' «"-«"nd.

What art r "'' '"' '°" '^^^ '' ^'' ''' f-d?

Wh.^- !
^^?.^,"^™'^S' an^ how does it escape them?What IS Its chief mode of locomotion? What is it doWmost of the time? What seems tn h. i,. I ^

i.-f^ > wTt, . ,

seems to be its main ob ect infe ? What changes does it undergo in its growth > Does
It eat the same Icind of food, breathe in The ame wlv

ing the different stages of its development ? How does it

Is .t useful either directly or indirectly, to man ' Is it«ther directly or indirectly injurious to mkn '

wc°fin7tt!!'i''
* f"^"'?**'— As indicated in its name,we find this insect on plants. So well does its color har!

•



I

i
o
X

<
at I

U. V
O S

12 S

b.

J
<

oc

u
H
X
u

(3



Insecta.

lias

ig.

iite,

rax.

monizc with its surroundings that we ofter fail to see the
grasshopper when it is right before our eyes. Even whenwe have frightened a grasshopper, and watch its jump or
flight, on going to the place where we saw it alight we do
not always readily discover it.

The plant on which the grasshopper rests serves both
as food and as shelter; it is its home, so far as it can be
said to have a home. Food usually being abundant, the
grasshopper moves about but little, and leads a rather
sluggish life.

Locomotion of the Grasshopper.- The grasshc}
niree modes of locomotion, crawling, jumping, an^
The wings and legs are moved by the strong
stnated muscles, which are situ ted chiefly in the't ._.

Crawling.— This is accomplished mainly by the r -st vnd
.- nd pairs of legs, the hind pair making fewer movcmen' .
in )e ordinary slow crawl. The hooked claws enable tim
grasshopper to retain a fiii. '

i while crawling.

Jumping. -The length and suength of the hind legs %
the grasshopper for powerful jumping. The S' .^es ( n t ^hmd border of the tibia keep it from slipping.

The Wings and Flying.- The anterior pair of wl^p
serve mainly as covers for the hinder pair, and their coT
parative thickness and toughnf-: fit them well for this use
Ihe hinder pair of wings are much wider, being folded
Ike a fan when not in use and wholly covered and pro-
tected by the anterior pair. The hinder pair are more
delicate in their texture, but still are sufficiently strong for
their work in flight, being stifTened by the hollow veins
which radiate through them. The grasshopper is crawling
through the grass or resting quietly on stems and leaves
most of the time, and is flying only a small part of the



QmUiuuN

FIG. a. EXTFRNAI FEATURF^ OP A GRASSHOPPER. DoRSAL ViEW.
From Packard! ZoSlogy,

'± Vl'^l ^'^^S.S^Vw-l"'""-.



Insecta. «

mL ^"^ ""*T ''.' '^' ^*"'" °^ *^^^^"i? *h« flyJ"? wings
folded compactly and placed close to the sides and guardedThe wings are kept from mutilation, and the whole insect
is much less conspicuous than he would be with the wings
outspread. Some grasshoppers fly high in the air and
travel long distances.

Retpiration in the Grawhopper. - The spiracles areshown .nPig. ,; two pairs of thoracic and eight pairs
of abdommal openings. From these spiracles, tubes.

Fig. 3 Cross Section of Insect.

'••DigettireXube.

called tracheae, run inward to a trachea extending length-
wise on each side of the body. There is also a pair of
dorsal and a pair of ventral air tubes. There are. then,
SIX air tubes running lengthwise, in communication with
the outside air through the spiracles, and connected with

extend which subdivide, finely permeating every part of
the body. even, to a limited extent, the legs and the larger
veins of the wings (see Figs. 3 and 4). In addition to The
air tubes there are two rows of air sacs, which add to the
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plished by active effort\„HP'" '^^™^ '" ''^ ««om-

Circulation in the GrasshopDer—Th. . ,of the grasshopper is notZm 7 ,

^'"^"'^^ory system
tinct organ is the heLrc eel^i^'3 ^r^^^^^^^^

'''^ ^"'^ ^-Hsee i^ igs. 3 and 4), extending along

Nr aac

Air «iM
FJg. 4. Air Tubes and Air «5a.^oAIR Sacs of Grasshopper.

From Hyatt's Insecta.

several compartments w^h ! V f^"•"' ^'«^- I' has
to pass forward only Therl

"',""'" ^"°" '"^ •"»<><"

at the sides, so that bloolemerllhr tT^'T """ ^^'^^
when it contracts the br^'"''" *''''=°^' ^"d
blood is colorless or sh>h^ Zr'^^:^ '°'^"^- The
fills all the otherwise nnl ^ /ellowsh or greenish, and
bathing all .he rC ThX T'T "' '"^ '""^^' '"-

--y system is compelr.nrtn4b°'dti:-

&A
J^ ;iR^^-;ii!^,.
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-soles powerfuil/and lidT;T-,r
•'"'"'"='' '° ^^^« "^

the high degree of acdvu/wl^ch U '," T"''
"""""""

'he group. As might be expected h
^'"'"«-^ri«ie of

i-ects is high, compared with tha,'
''/.'="?"«"- of

general, being several degrees above ha ofX "'"
!,"mg air.

"-"^^ o* the surround-

Jor^?rr:;^rg"^'"^""»••-^='«"^-"ge
i^inds of Plants. glltlratX st^

"^
i'

°" "^"^
strong. laterally moving lis tu.

""* "' ^'x'^''

upward to about the center of Th u"T ^"""' ^^'«"ds

teriorly and dilates nol" : o'^U^^''
"^" '"™^ P-

in the thorax. At about'Lk"^'^^ ™"' '^"gthwise

the crop narrows somewhat an/?'"^
°' "* '"'<'°'»«"

Alongside the crop are thA ^"^ }'^"'"'^' the stomach,

ducts run forward to em„l?u'' ^^"^^'^ S'^-nds, whose

the digestive tract If I' .^ ^ '""^'^'^ "'^ surface of

the work of ab ptL„ "th^ ^ "' '"«^'^ ^""""ed in

the length of the aM-
" '"""^'^ ^^'^"^s about half

hy a large number nf,"' .
' ^"''"'"^ '™" '^ ™-^'<ed

Which enLrdtest vetltlt'tt-' "r
"™"^ *""-•

ach and intestine. The Ist part „f Z^""'' °' '"' ^'°"'-

»hat dilated, forming the rectum wh I •

'"'"'"^ '^ ^'""^-

in the anal openin/at th!
''' '" '"™' terminates

abdomen. ^ ^ ' '"^ "PP^"- ?'« °f the end of the

»'!r3Kr;i»-.e'.'
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Absorption in the Grasshopper.— The absorbed food ma-
terials from the digestive tube pass directly into the general
blood of the body cavity, there being no special set of
tubes as in man and vertebrates generally.

The Excretory System of the Grasshopper.— The urinary
tubes (formerly called the malpighian tubes) extend into
the blood of the body cavity and extract from it essen-
tially the same materials as the kidneys of the higher
animals do. As above stated, these tubes empty into the
intestine.

The Nervous System of the Grasshopper.— The nervous
system of the grasshopper is essentially like that of the
crayfish (Fig. 49), consisting o a row of ganglions con-
nected by a nerve cord lying along the floor of the body
cavity. It really is cobposed of two rows of ganglions,
each connected by its own chainlike cord; but usually
the two corresponding ganglions unite, forming what seems
a single ganglion. In the grasshopper, the nerve cord is

plainly double throughout the head and thorax, while in
the abdomen the cord appears single. There are ten gang-
lions, two belonging to the head, three in the thorax, and
five in the abdomen. The first ganglion, often called the
brain, is above, or rather in front, of the gullet From this
the two strands of the nerve cord pass to right and left of
the gullet and again unite in the second, or infra-esophageal
ganglion, forming the nerve ring (" nerve collar ") found in
arthropods and mollusks.

The Senses of the Grasshopper.— It is very evident that
the grasshopper can see and hear, and it does not require
extended experiment to show that it has also the sense of
touch. The large compound eyes, composed of m-ny
facets, give a wide range of vision ; but the sense of sight
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is probably not very acute, especially at any considerable
distance. The clear membrane on the first segment of the
abdomen is the tympanum
of the hearing organ. The
antennae are the chief or-

gans of touch.

The Enemies of the Grass-

hopper.— Probably birds
are the most formidable

enemies of the grass-
hopper. The grasshopper
usually becomes aware of

the approach of an enemy
through sight or hearing,

and ordinarily escapes by
flight or by jumping. They
sometimes escape bysimply
dropping to the ground.
The grasshopper is largely

protected by his resem-
blance in color to that on
which he habitually rests,

some forms being usually
on plants, while those that
st?y much of the tin- . on
the ground are more f the
color of the soil. The posi-

tion while on plants, parallel

to the stem, makes them
less conspicuous than they
would be otherwise. Grass-
hoppers are often subject to injury by parasites, especially
certain red mites which are often to be found under the
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bodies. Every bovTnl.K ^T""" '""^"^ '" '"eir

captured bllct/hZZ ' ?'° '"^ S'^shopper i,

by the crop Cs irobaK.""" " '"" """" =^"«'«»
p. inis IS probably a means of defense.

by rubbing the bfses ofX feTs aSt .?'^
''' ""«

outer wings. Others, whiL flwL ™h h f' °^ '"^

of the base of the n,„Jr
^' ""* ""''«' surface

.l>e base of thetnertJ'^rV^ ""'"' '"'='- "^

make the sound Xearr^!; J''\?'^'y<'"s and crickets

each other.
* '"''' ""^ '"'''''"S ">e wings against

X
'Seitco'^X-Zs-wTefa^rfs^.

'^^—

-

the protective resemblance in color vet it

"'^T °'

served that in some species the innZ-
" '° ''" ""^

spicuously colored, making th.
"'"«=' "^ en-

during Bight. ^ ""^ '"'*'=' ^^T noticeable

Development <rf the GrasshoDoer —Th.

points close together whlht P' "' *« ^our

good digging tool Th !^
^ "™"S and fairly

thepoin?rrf thelepa Id Tt'
"•" "^ «™''"'' ''"^

is made, into whi:h ThregJ a"re Z^oT'^'
""^ ^ """^

between the guides Th! ! ^'V"'"'^""'^' Passing out

.-hopper rLlVtlfrSlrttkt l^

ii**"C'i^''
"-.,"' '33b I

'i!^r^-

>»i ;?#ipf;?:wii^i5eiLii?T-^ii'^KW^^^
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After a time rudimentary wings appear. In all such cases
as this, where the young are hatched in essentially the same
form as the adult, the development is said to be direct.

Injury done by Grasshoppers.— Ancient history records
plagues of locusts. (The name "locust" is the proper one
for our common grasshopper.) And in modern times and
near-by places there have been migrations of locusts in
such numbers that they have darkened the sky. and lightmg everywhere, have devastated the land by eating almost

Fig. 6. GRASSHOfPER LAYING EgGS,

From Hyatt's Insecta.

every leaf and tender stalk of grass, crops, and trees ingarden and field. The Rocky Mountain' bcust. mTgratmg eastward almost produced a famine in Kansas and
Nebraska, and created terror beyond the limits of its actual
ravages. But, fortunately, the young hatched in the lower
sates are not healthy, and die prematurely; hence the
plague has not spread so extensively as it threatened to do

Packard says that the Rocky Mountain locust, within a
period of four years, inflicted a loss of ^200,000,000 on thefarmers of the West.

.T'K':
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ORDER ORTHOPTERA.
The Orthoptera. — We have selerfpH th^

•» order Orthoptera. The word
Orthoptera means straight-
winged, probably in allusion to
the mode of folding the hind
^^ings. The first pair are thick,
ened, serving as a cover for the
second pair, which are folded
when at rest. The mouth parts
are fitted for biting. The de-
velopment is direct.

Protective Resemblance.—
The green grasshoppers, es-

'

pecially the katydid, are note-
worthy for their resemblance to
leaves, both in color and form
The walking stick (Fig. 7) so
closely resembles a twig that
it IS seldom "discovered by
casual observers. These in-
sects afford fine examples of
the advantages of protective
resemblance.

The green grasshoppers have

iDiapH^on..rafe„,o.a:^;^^^ Trnf
^'^'^ °^ ^^^^ ^^re leg that is

From Jordan and KelIoK's^«,WZ.>.^"PP°S^d tO be an Organ of
hearing.
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.twX'dfdTThic'-rei^'r ^T'' ^'^->' '-"<«"'

sticks
;
and the mantids. ^^

'
'^^ "^^^^^"^^

ORDER ODONATA.

Jo^nTd tele: 'Xt"^ '' ' '°"^' -="«-'

wings „e aH.e i„^ere aL';r;Tth1 rite"
a?;rf:^: ":r;:^^'^^ - .:tx:.
is a pair of strong jaws wh.T^ "' '"^- '^''^^^

large under and uppeTiips ThlV'^'"""" "^ ""«

sects, which it caXs o'n thi ^itT-
' '"'^ "' "'"

swiftest and strongest .,yi„Vof inject Drffl°'

''"'

most abundant in mar«hv „1 !
dragon flies are

flying over the watTror "che'd o'n H^ "•'' "^ '=»
tlie water, on the alert fo .

^' '"' ''^'" '''°™

-an insert. Tht tl. '^r'elsTr" T 'l^may often be seen hovering o^er tlTte^itir^^^^^^^^
the abdomen dipping beneath the surface An elThlTy,

«Itrr ' "'""' -'" --^ iaws ffimtet
luZ WK l'^^

"P"" "^^^ '"^««-' -nd larvjE that it

wM,.£iJ::.r.;sr.':;;::.t Slits

flies, when at rest nlace fh.- , ^ '"'^"^' ^'"^S^"
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-r,r^r-?:-r---'ni5

fXG. 8. Dragon Fly and May Fly.
From Hyatt's Insecta.

r^rr;"—:— -!''"'•'•
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,

It has no sting, and is entirely harmless buf
"!.•'<"•

-.it heneHts .a„ ., .^..ySZ^.::::! If

development direct.
'" '""« *"'' ^'*"der;

• H»me
. FmiI.

Enemies

Legs

»RAG«N FLY.

•ver water

Insects

;
', Few

• Weak, merely f«r perchinr

CMMRIS-N .F CRASSH.r,ER AN. .RAC.N KLY,
GRASSH»FPER.

•n land

Plants
''

Numerous *

Str»nj—f»r jumping:
^

Two pairs . wr
First pair thick' !

.'

!

* * 'J'^'tT / ^w pai,^

Fold close to body .1*
" winTn„T' .• * ' ^oth pairs gauzy

First pair covering .d | ^restLe '

''"''' ^* "^'^* ^"«''

Crawl through grass .
] J

• • • • Not overlapping

Elude observation . /
'•sititn enables t« |

* * * ' ^^^ after insects

^ Exposure less dangerous

Adaptation to Mode of Life —Tr. o^jv
tabular represenf.t^l f

^*'®- /" ^^^'^'O" to the above

Part.ular .ode and place of life, a'n^d th^hl;^ ,:,^

0,- /

^U^,

^'-^Oo;

im^
"m-T'S5'-fl!ffi*?'lWt
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I.

the mode of life of the other f „,
trade places. It is „„t ^„,^\^ ^:L"thir'^"

""" "•«"
hey are not , xtremely unlike Bn.h h

'"??'»'«»'' 'or
jaws, two pairs of strong wi„t!' . ,

"* '"""8 biting

In the first placelet u, ^^ '
*"'' ' '°°« »'^'""»-

subsist on vege'tat; 1"/ "nSX' «,f ""^on fly can
a grasshopper. It finds is "o„^r,r ,

" "" '*' '"'' «
w»y- They not only hinder^f'

^"'^""e wings in the
into narrow places, but a^ a" '' ^^"'^'"P" '<> "awl
•trong, their texture is delicate So i^ T' °''' *''°"Sh
the wings back alongside of the b„H

"""
"f"""^ turn

ncss will probably lef one n,l
° ''' ""'' '^"' """P^"-

will further protect them ifT '"'' "P°" ""= °"'er. It
and tougher' but thi c ange^Jm T''

""""^ ""'"
sacrifice in flying power

'^ wniething of a

>esff':;:d^r,ttoX:^^^^^^^^^^^
to elude the eyes of birds or oth.r

"'''"' """^ '"'ely

are light and weak. havW Sen , T'"' ''' '-^S^- which
need greater strenglh toSt^ta:r^'d

"" "'"'°"'
eyes are not required to he

.„/°"awl and jump. The
become smaller, and as it Lh ? ""'' "'""^"y "ay
more corpulent and clumsv To

."''' "'^ " "^^o"-"
flying power in the fronTwing! the hT '" '"^ '"" "'
wider; this necessitates thdrh;,! % ".'' °"'" ^'""'^
in order that the na rower

'^ '"'''"'' *''^" ^' '"'
cover them.

"arrower front wmgs may completely

in t^:deTv:rr^frth:r:,rr>'- --^^ '-
iirst place, the grasshopper ,eks°h'„

'^°" "^^ '" ""^
to capture lively little insecnI 7k

^^^ P""" '«^"*«i«e

both pairs of w^ a v oped fof' T' " """' ""''
a-M to do this, i it ao::rnXtav: the-lfp^;
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thickened, as In In «if..,*:

.l.o„>d have m:ZX7rr ""' """«• '«
stantly after i„ pfey. Jhe" f, n?^ "

"'"'>' *° ''''« '"•

wing, continually .prcaj
"'

ft^-v!
'''"°" •" ''='^'"8 the

doe, not have to crawl through J a" aLT."
'='='"' ""

increased area due to the SDreadrfn.^'' ^""^ ">«
«er it by making it n,ore con:;tou:\;" e

^""^ *'"'-
t.vely few enemies. The body i, tl h

*"" '""•P""-
" train down " until it «„ h ji •

''"*'>'• ^i"' ' must
ar? fn,^ 1,.

*" handle itself better Th.. 1are too heavy, especiallv thf hinj » • "f™"^- The legs

very little except to perch unn" Tl ""''• " " "»" ""=">

something to tSrn up. his ma."e 't?.

" '** ""'""S 'or

any unused organ i, LlAo^Md^eta^ "' ^•""' '"
It needs keener eves fnr ,> « i

^
which are sure to st^yT^ Xe whil .^" '''"' ™ P'*""
it is another matter to discern Imin

""*'' "P"" "'^"'i
tancc. So it develops better I

'"'*''*' *' »»"« dis-

as well as better t^^p^ZZ'c^TV" """""'''"^
It had fairly good faSrb^X th

" f'' "'"'"^ "•

what enlarged and better adawed t„M ^ ^™"' '»"•«•

enlargement of the jaws and tt
"*" ""''• T""'

head bigger than it CasMo.e
"'"' "*''* *" *"<"«

«or°LraTy'r^tddri;'- J-: i\r—-
erent,each becoming fit ed for i'"*

^"'''""'y «™*" dif-

placed. ^ "'"^ *" ""^ =""ation in which it is

It is no longer supposed that all fl,<. »now see on the earth have hi. a •
°''"" °' ''f« «"»

ning, for we see eWden's Jh I"
'""" '""' *''« ''^P-

Mhe increase inrmrjhthralllr^ "^^^ ''''^"

»d which in turn has compelleVSe^tlTtrd

fe'rita'.'Q^,'
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adaptation to new surroundings and a gradual advance-
ment to changed conditions of life.

ORDER HEMIPTERA.

The Giant Water Bug. -This is the largest of the bugs,
being two and one half inches long. It lives in the wafe^
of our akes and rivers, but was not very generally known
until electric lights became common. The light attracts
ther and they are frequently found where they have fallen
under the lamps. Consequently many people call them

Flu. 9- Giant Water Bug.

From Hyatt's Inucta.

the "Electric Light Bugs." They are more abundant in
river towns that are lighted by electricity, and a good way to
collect them is to look for them under the lamps late in the
evening. By preserving them in alcohol enough may be ac-
cumulated to supply a class. They serve admirably to show
the chief characteristics of bugs, and are large enough to dis-
sect If the student wishes to learn the internal structure
The head is relatively small and th neck is not con-

spicuous. The prothorax is large and oroad. The outerwmgs are narrow in front, being separated by a triangular
elevation of the mesothorax, called the scutellum. Then

*•_*-„
I ( — ' J

" ^* \
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Unc bcvond h !k
'"'" ""'" ''''"«' ""•••'

'" '"' ""<"«

othe'r The h f
' *'!;^' "' *'"^" "'"' "^"'"l- '•«''

the front oLtk'
''"'

"' ""= *'"«» " """^ '"inner than

mg and suckmg tube, which is bent back under the headbe ween the bases of the front legs. The features thus fardescnbed are common to nearly all bugs. But while thernajonty of bugs live m the air. the water bug ives underthe water most of the tin.e, though it can, and some",mesdoes, come out and fly about. To fit it for swimming u^e
third pairs of legs are flattened, especially the tibia andtarsus, making admirable paddles. The front legs are "tno use m swimming, but are used in grasping. The watebug hides under leaves and sticks in the wa^r, and whenan unwary insect, small fish, frog, or tadpole cimes near

pfe^ci„Tit"'TH
•"'"::"' P""'=^"" '""^ '^^s. and kills it by

hlvinZ • ,
'" u^^P ^^- " '"'" '"'•'^ "^ Wood!having no jaws for chewing solid food.

The entomologists do not describe any poison glandsm these insects but it would appear that^hey have a poison

and '^""M'"''
'"^y »««="' '0 kill their victLs so quTckT-and since this and numerous other bugs, some aquatic andsome not aquatic, inflict painful wounds on man In factthe collector who is gathering minnows in a net is oftenbitten by aquatic bugs, and sometimes the hand and armbecome pamfully swollen as a result.

Water bugs may be seen coming to the surface wherethey pro^ct the tip of the abdomen into the air Theybreathe through the anal pair of spiracles
^

difficuitv'''^hf
'"• ''"'"' "" ""''' "'"s- °"« "^"»"y

'
'«*»

difliculty,- the wmg seems to be caught. There is an in-

rTfc^:.r,:v«eY^=:'4' s.-*!'-:* 'isn HH ?'?:vifpnvKrrA3£vm(
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fhellT!^ T^"^ "' * ""'" P^j^^^o" "' hook onthe side of the thorax, that catches into a groove in theunder surface of the front edge of the iJring
There are two forms of water bugs common. Se/ost^mu,

amer„aau„has a groove in the femur of each front leg
into wh,ch the tibia shuts like a knife blad. ;.,t. a handll'Ihe other form, Btmicus g,iseus, lacks t. ,.i groovy

The Squash Bug._ Although smai: . ihan ih, giantwater bug, the squash bug has the advantage o. b^fngmore abundant. If the former cannot be obtained hflatter should be studied. Like the water bugr.t ha a

and ho' "t".
" '""P "^^ ''^"' "-'' -'i- ' e head

tith the^h- I '.
""'". ™'"^^- '°°' "^^^ '^ thickened base,with the thm hmd portions of the hind wings overlapping

each other. The thihner innerwings are fold'ed lengthSThe egs are adapted to crawling. The prothorax is large

^knd v"^-
°" "' "•"'" ^"'''^'^ °f 'he thorax afeglands whK:h secrete an ill-smelling liquid. This is a rathercommon characteristic of Hemiptera, and brings the "bugs "

into disrepute. This is a further reason why we should notuse the term "bug" indiscriminately for the term "insect '

n,,„J"!rr'l'
^""^ *' ""'^''' "^ " "°"'d he to designate allmankmd by the name of one of the most disagreeable tribesof savages that coujd be found.

.•nj^thi"
'^*" ''"7"' ""^ "'"^'' •"•« "^=» "P™ plants, suck-

Merable'r''
"''°"^'' "^ ^'™"«- P'^^^'ng beak" doing con-^derable damage especially to plants of the gourd family

the iSfoH T "V""-'
"""" '"'"^'^ of the^leaves about

^LT ^"^^^ *"'' '" ^"Sust the young may be seenwith the wmgs in all stages of development

loc. .ts. Probably they are best known by the shrill
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PRO-THORAX

MESO-THORAX

META-THOR/IX

mx*

LABiUM MANDIBLE
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Frc. xa Squash Bug, Structure and Development
•/.antenna; /«, labiuni /kj- m,.i.

^.-i-,:^' ' ''If • V..i=l '. I-'.-- . *» '... ' ^
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sound made by the males. Under the abdomen of themales are two circular disks. Under these is the apparatus by which the sound is produced.
^

Both pairs of wings are memb anous, the hinder nairbemg much the smaller. The larva is a grubhkrfo™
which hves under the ground, sucking the juices from t™roots of trees When ready to appear in the upper world
. crawls up the trunk; and while it still clings to the bark
.ts back sphts open, and the winged insect emerges, leaving

f

•J

III

Fig. II. Cicada: Harvest Fly.
From Hyatt's Insecta.

the empty skin adhering by the claws. Here the shed skinmay remain for weeks, until washed off by the rain^brushed off by a passing animal.
^ '

The dogday harvest fly (Fig. n) has a very broad headwith eyes projecting at its angles, and is rather greenishHis shn
1 sound s suggestive of the dry, hot, Aug'„:t m

W

day. The periodical cicada (the correct name for what isusually called the " seventeen-year locust") spends frlmthirteen years ,n the Southern form to seventeen inXNorthern m the larval state. This cicada is distinctly narrower-headed than the summer cicada, and is dark'er i„

V..-- >
/' ,% ti;,*-'?'

''im: wl r« 1.1 • '

,
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Order Hemiptera — Amnnnr «i

Fig. la. PLANT Louse. Adult Winged
Female.

From Hyatt's Insects.

v^T. ^'^•^3- P^-ANT LorsF. WiNRNatural size. LESS LabVaj. KkmaLE.

Aaauple
On osage orange

Fig. 14. Maple Scale Insect.
From Hyatt's /nj/c/a.

Vfl ^•.*'" i*

' -J-
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grape phylloxera, so injurious to the grapevine. The scale bugs, or
bark lice, are very injurious to . tees ; some of them are among the worst
pests of the fruit grower, and tax his utmost itigenuity to prevent their

spreading. The females are scalelike, and sometimes to be seen project-
ing from beneath the scale is the cottony egg cluster so frequently
observed on maples.

Two kinds of bugs are worthy of mention as useful to man, the
cochineal insect, furnishing a dye, and the lac insect, from which we get
shellac. Lastly we refer to the parasitic Hemiptera, such as the vari-

ous forms of lice, bedbugs, etc. Most of these forms are very degen-
erate in their structure, having lost their wings as a result of their

parasitic habits.

Characteristics of Hemiptera. — The mouth parts form a
piercing and sucking tube; the prothorax is prominent;
fore wings often thickened at the base ; many are ill-smell-

ing ; development direct.

ORDER NEUROPTERA.

The order Neuroptera is a small order. The only ex-

ample here presented is the ant lion (Figs. 15 and 16).

eia. 15. Ant Lion, Adult. Fig. 16. Ant Lion, Larva.

From Hyatt's Imstcta.



CHAPTER II.

BRANCH ARTHROPODA.

CLASS INSECTA {Continued^

Order Lepidoptera.

buSrflfirf' K
""'''"'^' B«tteriiy._This common

butterfly ,s of a brown color, with black veins and wingborders. There are about two rows of white spots in hf

f in'ches"- tL l'""""^ "" ^ """^ ^P-' °f ^"-^tour .nches Tl^e larva is greenish yellow, with distinctbands of shmy black, and feeds on milkweeds. The ch^salid IS suspended by the tip, as shown in Fig 17
"

One of the most noticeable features of the butterfly isthe presence of scales on the wings and body. The scalesare modified hairs, and on the body they are'slender. The

ornament The wmgs are large, and in flying act together
as one wmg, the wing motion being slow

h^e by wh.ch the butterfly sucks nectar from the flowersWhen not m use, th.s tube is coiled like a watch springand concealed between the labial palps. The spcking tube
consists o the two maxilte, much lengthenedlndel-^

c ely apphed to each other they form a tube. The man-dibles are but slightly developed.
In September or October great swarms of these butter-

fl.es may be seen, and this is a good time to collect them.
»5

I.! Vi :J^-^v
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leaves. It .s not easy to see them at sueh times.

F.O. .,. STRUCTUH. .™ DEVELOPMENT OPZ MON.KC, BU^PEV.
From Hyatt's Itisecta.

"^4S;^;t;ir^enL":tt"---—

Is S- aifi'.. - 4-''i'",'»*'*^*"
B.i/ ^i^ms!^
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The Cabbage Butterfly.- One of the easiest of the butter

!riT^ • ^ K
"''"'^ "' '"S'"'y yellowish above andyellowish below. Both sexes have black tips on the an

Fig. 18. Cabbaue Buiterfly. Male.

^'"- 20. Cabbage Buttekki.^.

a, larva, 6, pupa.

FIG. 19. CABBAGE BurrERFLV. FEMALE. FiG. «. CABBAGE BUTTERFLY.
From Hyatt's Insecta. Pupa.

terior wings
;
the male has a round blarW cT..f

outer border of each wing, whileI felt a tripoe:on each anterior wing, m the early fall, watch t Ifemale

«n f:n to 'T"
^""^ °"' "' '"^ ^^«»^ feed th, larl"till full grown

;
keep the chrysalids till the butte 'v .Tpears. Describe all the cha„/es and note the d es of all"the moltings and transformations.
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„,"" "";!| «•*— This moth is well known by its habitof poising hke a humming bird over the flower from which
It IS extractmg the nectar by meai,s of its long suckine

Wrt ml" trf'V' """"""S """"• " "umminfbird moth. The hawk moths have long, shnrp-pointed
wings and strong powers of flight. Their larv/are u-u-
ally large green " worms," one o. the most common bei^ghe so^alled tomato worm. The pupa is often plowed upn gardens, and is distinguished by the tongue case, which

handle. The hawk moths usually fly at twilight. The
,1,'^ .."?' "^ "''" '""^'^ 'P"'"^ "'o"'^. f™-^ the fact

In. KM ° "" "'' '°' " '*•"« «""= *"" 'he anteriorend held erect.

DIFFERENCES BETWEEN MOTHS AND BUTTERFLIES.

I.

2.

3-

4-

BUTTERFLIES.

Day-flying, usually.

Wings erect when resting.

Antennse knobbed.
Pupa a chrysalid.

3-

4-

MOTHS.

Night-flying, u.sually.

Wings sloping when resting.

Antennae not knobbed.
Pupa (often) in a cocoon.

Development o Lepldoptera. -The .gg hatches into what
IS commonly called a "worm." But no true worm hasjomted appendages, while in these larv^ each of the first
three segments back of the head bears a pair of jointed
legs These three segments become the three segments
of the thorax. In addition to these legs the caterpillar, as
It IS usually called, has several pairs, commonly five of
soft, fleshy legs on segments farther back, almost always apair on the last segment. These prolegs have a sort of
cleft at their ends by means of which they aid in crawlingSome caterpillars are smooth, others are densely hairy



Fla 29, Hawk Motii or Sphinx Mom. Adult.
From Hyatt*. Inticia. Larva of another species.
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for., .he butterfly Urva ILIT. Z^TZV:'Tornamented with silverv nr <r„u .
• ' """"on'y

pupa is called a "cSid-fwHr^K'T ^"""^ »""' «

may spin a cocoon o7, addt l* .' k"'
°'^ """>

body, though some mJhX ^ "" ''*'" ''''"' "»

whic'i i, buried ,n the 2 un7 Tri""^' T'"""'" ""P"
which opens on the under 1 Th r' ^'^ * ''"' «'""'=

little ornone some ™,t ^' "^^ "'^"^ '^-^^ 'P'"

themselvesTh^rhr/e ^^rsLTailrV^
r,dXrd^rt{:?-f"---^^^^^^^^

t utf hru/hThrui^tb"^nr
"""•"

'°°''- ^^
of the Lepido'pte?:^ u„"fe g'

„g a ":.~:T";? ^P^"

of the butterfly' "indirect"
^^''^''"'PP- "<«-ct," and that

f"K One UpTbnZ: '^S11\TT '"T ^'-'-
the swallow-tails Th™,cri, •

^ *'^'' ^^'''^ o^ their wings

weather and ^ nyZ7„„rr""'V''r^^'' ' ^"«"''^" -'I- "-S
found „„,y high 'l^HZ:^TnilZT TT" ''""'''y -^

urprised to find these beamll .-f, ^ ^ "^^ <''««'>tfully

ChinfTut"::'h^tt ZZ' '"
r
"""."^ '' '"• ^"''™™' ^ -"•« of

of these ,he cicroprand P^I^h
""'" '""'*"" ''"'"°™ "oths;

^™ Of the codii^n.rh'-;^--,— rx^h^-ac=

:;» t'»

«^r**i;'i -jf'^"

''p-'?,

.-y.-^:



Insecta.

bu. not lea,. i„ ™La„cerZZr ""L
'"™ °' "<>"•»• La.,.,

Mimicry.— The viceroy butterfly which i, .
ea.e„ by birds, is protected' hy its rf^e: c .o .::iTd!ible monarch butterfly Thi« ic o ^ r

"
uiicrny. i nis is a case of mimicry.

Fig. 35. The Monarch BurrtRUA'.

Fia a6. THE V.CEKOV BUTTKRELV. WH.CH MIM,C« T„k MonarcH
From Kellogg's Zoology,

-s,o.i„::---r:',--;--^^^

v".:is\;.?--^-^
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The long, coiled sucking tube, composed of the two max-
illa.. IS a noticeable feature. The legs are small and weak,some forms havmg but two pairs, others having the anterior
pair but not using them.

ORDER DIPTERA.

The House Fly. -The house fly has but one pair of
developed w.ngs. the second pair being represented by a
pair of bodies resembling pins, that is, consisting of a
threadlike stalk with a knob at the end. They are called
balancers

;
their function is supposed to be sensory. When

the fly IS at rest the wings are extended backward and
held horizontally over the back, lapping over each other at
the inner borders, but arc not folded, in the strict sense of
that term

;
that is, are not thrown into folds, as are the

inner wings of the grasshopper.
The mandibles and maxillae are rudimentary, and the

proboscis IS composed mainly of the labial palps, which
are developed into broad plates, which are thus adapted
not only for lapping but also for rasping. They cannot
bite, though they often light on the human skin to lap up
the perspiration. ^

The wing movements are very rapid, making as many as
330 vibrations in a second. The sound produced by flies
IS mamly made by the vibrations of the wings; but when
the fly IS held by the wings, there is still -heard a faint
buzzing noise, and this is supposed to be due to the pas-
sage of air through the spiracles.

Development of the House Fly. - House flies lay their
eggs in stable manure, each female laying about 150 eggs
In favorable weather, the eggs hatch in about one day.*

*C
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Ii

The legless larva is called a maggot After living in this

larval skm. which is called a puparium. (See Fig. 27.) In
a week more it emerges as a fly. There may be, therefore,
ten or a dozen generations in a single summer. A smallnumber hve over winter, hiding in crevices in walls and
similar places. House flies are worse than mere nuisances,
they are spreaders of disease. On the other hand thevdo much good as scavengers.

How FUes Crawl. -The fly has many little hairlike pro-
jections on its feet. These secrete a sticky substance from
their ends, by means of which the fly adheres to smooth
walls and ceihngs.

meTT.f''^"
o**"""-^ The stable flies closely resemble the houseflies, but have a sharp, piercing sucking tube. They sometimes findtheir way mto houses, especially on warm, rainy dayJin the f^ On

** "
*he other hand many of the flies

seen about stables are house flies.

The horseflies are well known,
the most common being known as
the "greenhead"; a still larger
form is dull black, a.id in the West
is called "bulldog," from its size
and persistency; still smaller than
either are those with banded wings,
and these usually have the wings
spread wider so that the fly looks •

triangular
; some ofthese are called

" deer flies." It is a surprise to find

,„^ „ • . .
^^^ ^'S ^'ack horseflies abundant

Among the forms that annoy man and beasi are the black flies ormidges, often swarming in the Adirondacks. On account of theirsmallness the Indians call them « no-see-ems." To Zd himsdJ

l^T H "h '"? *'^ '""*^^ ^"^ '"^^ ««h- °ft- an'^fnt th faceand the hands with a mixture of tar and oU of pennyroyal

Fig. 28. The Bee Killer.
From Hyatt's Instcta.

^:
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.0 behoM «esh »alive „i,h n,Sg„u,.r wh „"^<,„\tnr:t'

Breathing tubes

^"P"-
Larva.

Fig. 29. Development of the Mosquito.

what a wise provision of nature it is that ^urh ^^ •

be so promptly and effectuall/,^^^ L ^f Lf^f°f
'"'"" ""'""'

to ea, his lunch of biscni, and mer^any p« 'J ..."r."J°*"ta ns, and the chance«i ar^ fK.f k f I .
^ ^ °*^ *"® ^oc'^X Moun-

have discovered rpret^ceoflrh 'f
""'""' '"= "'»"'«- ""'

Thei^.,y,ays i.^eSr lh;^Y,ri',rrr >,"";•
ders. The horse gets then intn th- .« \u J ^* *^^ ^'^o"'"

biting, and swallowftt™ rt .^^Xts": .Jk'''''''"* 'T"
"^

against skippers.
' ^ ''° """ S^^^ntee their goods

Is JdlTnl^'rhr,'''"'
!"'"«

P'r'^- Among these the Hessian fly

or rtTd- thi";trwhere :rifra'^ t?'^ -" r'

m is cansed by .Lix::xro?the^Lrr.r.g^
"•

Wv^a'Zwr-.^'riS-t'' 'T,'"
^^«' °" ">«-'— Theas »ngglers, and thcr weU-linown habits justify the
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name. The larva breathes by a tube at the hinder end of the body

out oi the thorax. The piercing and sucking tube of the adult consist,of several mouthpieces which fit snugly together. Only thefema'bShe 1. a cheerful individual, singing as she goes about her worT Someexcellent authorities believe that mosquitoes are the chiefagTnU in fn^roducng the germs of malaria into the human system. Pouf nTCs njon the water m which mosquitoes are breeding will kill them, and tWs.s probably a more practical method of reducing^heir numbe Than migh

wLe sTreal":::''
'" '""T '''' ^"^ "^'''^ ^'^ substance wh'twater, spreads out m an exceedingly thin film, a little of it going a long

fhff^T^L""*^^'"
°'^^' ""^ ^"'^^^' '^^^^^^s its name fromthe fact that its members have but two wings, as seen inthe flies and mosquitoes. The life history of the house fly

IS fairly typical. The knobbed balancers (rudimentary
hinder wings) are called "halteres."

ORDER COLEOPTERA.

The May Beetle.- This brown fellow is well known, butmore commonly under the incorrect name "June bug "
You will hardly need to hunt for a specimen, for if you
leave your window open as you sit by your lamp on aneyemng m May or June, he will come to you. Instead of
picking him up and throwing him out of the window, as youhave been in the habit of doing, lay down your book and
study him. for he will teach you more about himself thanyou could possibly learn from any book in the same length
of tinie. At his best he is a poor flien and, bewildered by
the glare of light, he is more clumsy than ever ; if he bumps
against the lamp and falls upon the table, you will have agood look at him. Note the order in which the legs aremoved in crawling. Try to pick him up and find how he

'T*T^"y^J.
..'SiiS^smlr.^i^d,
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i

holds on so well. Observe another one flying,— see how
he holds the wing covers up and out at the sides. As soon
as he lights, see how these wing covers come down over
the membranous flying wings, which at first project behind
the wmg. Watch him tuck the wings under the wing covers •

can you tell how he does it > After the membranous wings
have been withdrawn from sight, pick him up and note
that the wing covers meet in a straight line along the
middle of the back, entirely concealing the true wings
Note also the large prothorax. The head is small, but has
strong mandibles and two pairs of maxilla. The enlarged
ends of the antennae consist of a series of leaflike plates
giving the name to a large group, -the Lamellicorn
beetles. Watch him as he starts to fly again. In order
to give the flying wings free play, the wing covers must be
held well up and forward. In this position they make con-
siderable resistance to flight, and it is easy to see that this
kind of insect cannot be a first-class flier.

These beetles sometimes do considerable damage by
eating the leaves, especially of the cherry. In the early
evenmg one may see swarmS of May beetles and later hear
them buzzing about the foliage.

The eggs are laid in the ground and hatch out into
white "grubs." Every boy knows them well and uses
them for bait, and often he learns that the blackbirds
know enough to follow the plow and pick up the grubs
that are left in the furrow. The grub usually has a dark
head, with a white body, the first three segments bearing
each a pair of jointed legs that correspond to the three
pairs of legs of the adult beetle. The hinder part of the
body is often dark from the dirt that has been eaten
Every one knows how they lie curled up and in the ground-
they generally rest on their backs. They often do great

AW¥:^WSm^T^f-^'^:M
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injury by eating the roots of grasses, strawberry plantscorn, gram, and other plants. The larva Uves in"he ground

"^-".^s?,'
"""'"''"^ ''^'"'^ ^'^"^= ^'^^ '^ DEVELOPMENT.

-. eKs. i, larv.; ., pup, (underground)
; J, adul.; ,. wing corer; /. leg.

From Hyatt's Instcta.

two or three years,

pupa state, when it

Fig. 3a. Common Ground
Beetle.

From Hyatt's rnsecia.

'beetles, to be found under

The last of its stay is passed in a
IS inactive, lying in a smooth, oval
cavity it has made for itself.

The Colorado Potato Beetle.— This is
too well known to need description. It is
a native of the Rocky Mountain region,
where u lived on a species of Solanum (to
which genus the potato belongs) ; when
the potato began to be cultivated near its
home, the beetle transferred to the new
plant, and, starting in 1859, it spread east-
ward till it reached the Atlantic coast in
1874.

The Ground Beetles. -Among the most
common of our beetles are the ground

logs, boards, and stones, or running about on
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the ground in the summer and fall. The caterpillar hunter has green

wing covers and is over an inch long. The fiery hunter has on the

wing covers rows of red or copper-colored spots.

The Tiger Beetlev.— These beetles get the name from their active

predaceous habits, as well as from their bright-colored and yellow-barred

wing covers. They run actively and fly well for beetles. They are

often to be seen on the ground, especially on sand along streams. When
you attempt to capture one it may remain quiet till you get near it,

when it darts away, flying a short distance, and usually lights with its

head toward you.

The Borers.— There are many beetles whose larvae bore into trees,

where they do great damage. Among these, perhaps the locust borer

Fig. 33. Hickory Tree Borer; Larva, Pupa, and Adult.

From Hyatt's Imecta.

and the painted hickory borer are found as frequently as any. The
woodpeckers do good service in destroying these grubs.

The Stag Beetles.— Many children know these beetles as "pinch

bugs." The large, incurved mandibles are very characteristic. The

larvx usually live in decaying wood.

The Dung Beetles.— No boy or girl who has spent much time in the

country has missed seeing these odd beetles, called " tumble-bugs."

On the way to and from the district school the child meets the pairs

of beetles rolling the big ball that they have made from the drop-

pings of horses and Little. It is interesting to see them, one pushing

and one pu/Hng; as he patiently follows and watches them, he sees

them at last bury the ball. Later the child learns that the female lays

eggs in the ball, which the larvae consume as food.

The "Weevils."— Some of these are small beetles, not more than

one fifth of an inch long. They lay their eggs on the pea pods ; the
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larvae bore their way into the pea, and eat out to the skin through
which the adult easily makes his way when ready to emerge.

Blister Beetles.—A large family of beetles has a blistering substance
which is used in making blistering plasters. The « Spanish fly " be-
longs to this group. One of the most common of our blister beetles is

a black fellow abundant on goldenrod flowers.

Carrion Beetles. — These usually have club-shaped antennae. Thej
are well known, as both the larvae and the adults feed on decaying
flesh. Some of these beetles are called " sexton beetles " from the fact
that they bury small animals.

The Rove Beetles.— These are odd forms, with short wing covers,
which hardly conceal half of the abdomen. This is long and flexible,

and is often carried turned up as if threatening to sting, which it has no
power to do.

The Ladybngs.— All children who live In the country know these
hemispherical beetles, with their smooth and often brightly colored and
spotted backs. Most of them are predaceous, and one of the greatest
triumphs of economic entomology was the introduction of a species of
ladybog from Australia into California, where it largely checked the
ravages of a scale insect, which was making havoc with the fruit trees.

The Carpet Beetles.— Some of these destroy carpets. Others are
the greatest pests of museums, destroying the stuffed specimens. The
best remedy is bisulphide of carbon, whose fiimes are fatal to eggs,
larvae, and adults.

The Click Beetles.— Boys know them as ''sprii.^ beetles," "snap-
ping bugs," " skipjacks," etc. Lay one on its back, and soon it gives a
spring, with a dick, that raises it perhaps several inches. If it lights
on its back, it soon tries again. These beetles, like many others, " play
'possum." Their larvae are " wire worms," and do great damage, eat-
ing the roots of com, grain, grasses, and other plants. One of our
largest click beetles, the eyed elater, is gray, and has on the prothorax
two large black spots resembling eyes.

The Snout Beetles.— These beetles (the true weevils) are very odd
in having the head prolonged into a long beak, sometimes longer than
the body. Most of these are known as curculios. They bore a hole
with the end of the snout, deposit the egg, and then push the egg to
the bottom of the hole with the snout. They destroy many fruits and
nuts.
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h..^^**'S*"*;'r^°*
'^^^ interesting among beetles are the water

.ng round and round in swarms. Like the other water bee eftheJ

behind "''xhevT '"'"^^^f»
^^^^ oval bodies, somewhat wider

theycomeTo7hr^°''
'^.""^'"* ''^ '^^^"^"^ ^^^^'•- ^hen at restZZ '''^'"'^^^ ^"d ••^'"ain with the head down and the tip ofthe abdomen projecting into the air. Like the water bugs, they breathe

ailf^mrto^t^trarV^^^^ ^'^^ '^ supp„fs'neSeX
the abdomen l?.^/"'^^^^"

^he spiracles are on the upper surface of

mall thes tJT '"' '°""°"^' '"^ ^^* °^^^^ ^"-^^« -"^ even

l^ni-K. ^ .

^'''* ^'^ spindle-shaped, with sharp, incurved

ness. Both larvae and adults may be kept and fed on meat.The water scavenger beetles are elliptical. They do not breathe as

tal ^ir^ndrr ^T T^'-'
'"* ^°"^^ ^° ''^ '"•^^ '^X -"

take a r under the body, where it is carried as a film, which gives a sil-

and eat them. They may be distinguished from the predaceous waterbeetles by the.r shape, and by a long, sharp spine that pro/e"s Tack

Dy one of the hmd legs and you will probably find out the use of thisspme Though all these beetles have the power of flight, they do nousually try to escape from a jar of water. iV is easy to catch [hem bvscoopmg ,n ponds with a dip net. They may be kepMn g Ls ja's

fromaW 7,,^,—-t)' -d watched from below ^Teu'I^from above If they have no solid surface on which to crawl, they are

from th
' TT"; '' "°"'' ^^"^ ''''' '"^^y <^annot st^^ to ^y

tZ:t^Zt^'''' ''' -' ^- -- -^*^ oWect from^

WW-
if. ' vi£-'jaiW' .'.t^ei' .Va^fHUSTTnnv I iL^BK-_W .,' jn
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Coleoptera.-The beetles are called Coleoptera. mean-mg sheath-winged. from the hard, horny wing covers.
The hind wings are membranous, and are usually consid-
erably longer than the wing covers. To enable the beetle
to protect them there is a joint in the anterior edge of thewmg so that it can be folded crosswise as well as length-
wise This is accomplished by moving the abdomen down-
ward and backward, then upward and forward to draw thewmg under the covers. Some beetles lack true wings and
are unable to fly. The mouth parts are fitted for biting

All insects have chitin in the skin to stiffen it, but the
beetles have this most fully developed, and are the hardest
and firmest bodied of insects. This is in keeping with their
mode of life, as many of them crawl into crevices, under
stones, logs. etc. They are the strongest of insects, and
the load they can carry, in proportion to their weight is
marvelous. Beetles have compound eyes, but almost always
lack the simple eyes that are present in most insects.
As the under surface of the abdomen is subject to fre-

quent pressure, it needs to be hard and unyielding. How
then, can respiration be effected.? It is secured by having
the upper surface of the abdomen more soft and flexible

;

by the in-and-out movement of this region the air is taken inand sent out through the spiracles, which, except in water
beetles, may usually be seen along the abdomen.

In a former chapter we saw how the dragon fly would
have to change if he were to assume the life of a locustGo a step farther and it will be evident that the beetle'
torcmg his way into crevices and into narrow places, has
acquired the hard, smooth body which he requires to fithim for such a life.

There is great variety in the habits of beetles; they live
in air and m water; are carnivorous and herbivorous; some

?.*.:.. ^» ,lC:^f
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are parasitic; the larva, arc found in the earth In A.mg wood, in the living wood of hard trpV '
^''*^'

carrion, in fruits and seeds
"''' '" "'"""^^' ^"

Many are injurious; others are beneficial «c fk i j
bugs, which destroy injurious insects

'' " '^' ^'^^•

ORDER HYMENOPTERA.

but it hould be noticed Lr 1°"'"'
Y' ^"^ ""^"""i

being i^^ovabi^reldtL'^Lrt'oTTn 'r^"
"'

in the fly and many other insect' isto, We' AToth"feature, peculiar among insects is he ZI!f f"'
segment from the abdomen to k" horl^ whr.^

"' °""

to be the last segment of the thoral b"^' "IlW ther™most segment of the abdomen The ,T.„n^ ^ ^'"

i^mjm-. ^%m^\:!^



he.d
"^""^ "-^-''-

Fig. 34. The Honeybee. Structure and Devf.lopmrnt.

From Hyatt's Inttcta.

'nm^-jm^'iMi A^i**'"
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the honeybee is liquid, and the tongue is the conspicuous
organ. The two maxillre. with the two labial palps, form
the sucking tube, within which the cylindrical tongue moves
up and down.

The antennae are like an arm bent at right angles at the
elbow The pollen " basket " (see Fig. 34) is on the out-
side of the tibia of the hind le.^rs of the workers, and is
simply a flattened segment surrou. led by stiff hairs. The
sting IS a modified ovipositor, consisting of several pieces
closely fitting together, constituting a tube, through which
the poison IS conveyed from the poison gland within the tip
Ot the abdomen.

*^

Fig. 35- Honeybee.
-. drone or male; i, worker or infertile female; c. queen or fertile femalt.

l-rom Jordan and Kellogg". AHtma/ Lift.

Kinds of Bees in a Hive. -There are three forms of
honeybees. -the queen or female, the drones or males,and the workers, which are undeveloped females. There
IS but one queen in a hive most of the time, and compara.
tively few drones, the great majority being workers The
average hive consists of from twenty-five thousand to thirty-
five thousand bees, but there may be as many as fifty thou-
sand. The drones have broad, blunt bodies, and have no
stings; and may be further distinguished by their large
eyes which make up most of the head. They may be foundm the hive in the early summer, but after the s-A-arming
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season is over they are driven out or killed by the workers.
The workers arc the smallest of the three kinds, and are
provided with "pollen baskets" and stings. The queen is

larger than the workers, and has a long, pointed abdomen.
She has a sting, but never uses it except against a rival
queen. The average life of a worker is about five weeks.
Workers may live eight months, while a queen has been
known to live five years.

The Work of the Hive. — As indicated in the name, the
management of the hive falls chiefly on the workers. In the
first place, the workers make honey. They gather nectar
from flowers

;
this is taken into the honey stom.ach, but

not mainly for the sustenance of the worker. It is trans-
ferred to the cells, loses some water by evaporation, and
becomes honey. The workers make the wax from which
the comb is made. The wax is a secretion from the glands
on the under surface of the abdomen. When wax is needed
a large number of workers gorge themselves with honey
and hang like a curtain, clinging to each other, remaining
quiet. As the wax exudes from the glands, other workers
gather it and construct the comb. The economy of mate-
rial is well known, but the cells are not always mathemati-
cally exact, as is commonly supposed.
The workers also collect a gummy substance from buds,

which forms propolis, or "bee glue," with which they
cemer/. crevices and make similar repairs. Pollen is also
gathered in a " basket " on each hind tibm. Of this pollen
"bee bread " is made for feeding the young.

Development. — For the rearing oi the young special
cells are made which constitute the " brood comb." This
brood comb may be afterward used for storing honey. The
queen deposits an egg at the bottom of each cell, and after
they hatch, the larvae are fed by the workers till ready to
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go into the pupa state, when the cell is capped over tillthe pupae transforn. into adult (or imago) bees
The drones, being larger than the workers, are developed

in larger cells. Queen cells are larger than other ce'

s

At the season of the year when the bees give regular
attention to rearing queens,
the queen cells are usually
built at the bottom or ends
of the comb. But if the
bees are obliged to produce
a queen out of the regular
swarming season, the queen
cells are made by tearing
out the partitions and com-
bining three cells into one,
which is built out and hangs
vertica. ^ in front of the
comb. In the gg state

Fig. 36. Cells containing Eggs. Lar-
*^^^® ^^ no difference be-

v-«, AND Pup^ OF THE Honeybee. tween the queen and the
Th. large. ,rregul.r cell, are queen cell,.- From WOrlccr, but the larva thai-Jordan and Kellogg', y*«.»w/ Z//^ ' . ,

"^ "ic wrva mat

«„ „^ . „ ,
*^ *° become a queen is fedon specially prepared food. In the early part of the sum-mer several queen cells are made ; as soon as a new queen

IS hatched the old queen tries to kill her; but the workers
protect the new queen, and the old queen, followed by apart of the workers, departs to establish a new colony, and

hatched at the same time, they may fight for leadership,and the one survivor rules supreme. Or, often, severalyoung queens depart with a swarm.
The queens that are thus killed are carried out by the

workers, and they do the same for any that die in the hive.

Queen
ceU
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All dirt and rubbish are car.-fully removed, the hive being
a model of neatness.

In warm weather a number of workers may be observed
stationed at the entrance, fanning vigorously with their
wings

; they do this to ventilate the hive.

Bumblebees.— The queen is the only one of a colony that lives
over the winter. Selecting some convenient place for a nest, usually an
old nest of a field mouse, she gathers a mass of pollen and lays some
eggs upon it As the eggs hatch out the larvae eat into the pollen, and
when fully developed spin silken cocoons for themselves. After these
cocoons have served as cradles they are strengthened with wax and
used for storing honey. Every country boy has robbed the nests of the
bumblebee

;
he likes the honey and is willing to pay the price for it.

Neariy the whole colony of bumblebees may be captured by pouring
water into the nest, which renders them unable to fly ; or if a jug partly
filled with water be set near the nest, when they are disturbed they
usually enter the jug, and, getting into the water, are easily taken ; or
the whole colony may be chloroformed. Being larger than the honey-
bee, they offer some advantages for study.

Other Bees— The honeybees and bumblel-.2s are called social bees
in distinction from other kinds of bees that lead a solitary life. Among
the solitary bees is the carpenter bee, that tunnels into wood, sometimes
a foot or more. Some bees cut out circular pieces of leaves with which
to line their holes. Others dig holes in the ground; some mine into
the sides of banks, one group of the mining bees being called the
" short-tongued " bees. There are also several parasitic bees.

Wasps.-As with the bees, some of the wasps are social, while
others are solitary. In colonies there are three kinds of individuals,
nules, females and workers, all winged. The wings, unlike those of
bees, are folded into plaits, as in a fen. They build nests either in the
ground or on trees and buildings. Neariy evervbody has seen the
large nests suspended from trees, about the size and shape of a football •

and perhaps many have vivid recollections of the warm reception they
received when they knocked abruptly at the door of this lively commu-
nity. The hornet, or yellow jacket, need not be described to a country
lad. « Eternal enmity" is sworn between them, and each knows therea no use of showing a while flag. Still, the skillful teacher may capture
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the net, and a single hornet « , , u™'^
'"' """= '" "»= tip of

tumble; inverted 1 a piate Af^^ ''t""""'"
'" ^^ ""O" »

hungty. and if a drop of' „^r „at l^TnLdT h""k
" ""^ ""' "«

Witt no. hesitate toJ his enemies «et:tS'' Thf"",'
""'"*

.h«e nests is below, while withm „e horizom coml tT" '"

n.^e the nests out of wood fibers, which thev tear „T!; ^'"/^l"
and unpainted buildings. Thev chew ih«. fi!,

"'"' *^°«»'

a coarse gray paper. Thev DroLhl T ^ '""' ^ P"'l' "'' ""k'
Another wLTuildJa iJletv^ "r ''

w"«'°"' W" •^"'-

see one of then, digging a hole, throwingfhe dinlack J?d?
^^ '"

much as a do? dops nfk- i
^ ^ " "'gs very

where the you^te'eare^ ""'' '"""^'^ '"'° ">-ten,s of^planJ,

darkWur' Tt^I^lrhabu'T"'** ^^ *'" ^ -• "^ ^""y
They are often «en&htin.K "T""''''

J""-'"? ">«' wi-gs

they'are gatherir. f 7.he"r" T e"'T '™"*^'' ""'-
cells, in which the eem are H.^ •? J „, '^ ""''= * «"' of «veial

under eaves, etc ^ '^"'"'- *' '" *«« -^^l'^ on rafters,

"Ot quite kill it.

^ "" '"'"' " """g *= ^ to paralyze, but

.«iftr^,;!rf^.=^r;i^J;tbo^" T^r't ""?/'"• "''•"'' >
havewinK but ih, ™.i. ! .. ' '"^'''' '"<' f^i""'" « first

their wi„^T,^e\"t is do„
«"'!'' '"" "" '™"'- -°" "te olT

Some make a nestr.hi
''°'" }>>}*" "»*"'. who are wingless,

wood. In a drsTurhM f"""''' "'"'''= "'^"^ '""»'' in'o decaying

»g^. The arg :M;'obSt,":hZ;*"" "^ '"' ^^^'^ -->'"«
very strong for^their si.:aC: atdet;"Zl' 'T"'' TTlarva, protect the nest fmm ;„ • l^ ^^^^ ^""^ ^or the

. sweet ii,„id ctu::;:LTsr £^ir:itrt'rts
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:«fv5;5" .^^IJil,;- ""..T^Tv^
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keeo the rian^ if
"'^ ""'''' "'''' ^°^ ^^ ^h^™' ^ome of the ants that

it whkhl e^on th."":
"'. "^""°"^ ^'^°"Sh the action of the plan,ice, Which feed on the roots of corn and other plants. The ants c->rrvhe plant lice or their eggs, into holes in the ground where they surZthe winter, which they probably wodd not Otherwise be ab e TdoYellow ants often invade houses, n^aking a nest within a waU where ii

ants. Though fond of sweets, ants are almost omnivorous.
Other Hymenoptera.- Among the other Hymenoptera we may noticehe sawflies whose leaf eating larva, are knoin as the rose slug peartree slug, currant worm, etc. Various forms of Hymenoptera sting the^eggs mto the stems and leaves of plants. Around the 'eg^is formed a

FIG. 37. Larva of a Hawk Moth, with Cocoons of a Parasitic Ich-NEUMON Fly.

From Kellogg'i Zodlogy.

swelling known as a gall In this the larva develops, finally eating itsway out. There are many kinds of galls, and the entomologist knov
he kind of insect from the characteristic form of the gall, and the adult
insects are known as "gallflies."

The ichneumon flies have an ovipositor consisting of long, slender
(usually three) threads, by means of which the eggs are deposited
usually in the tninks of trees, where these larv. prefon the ^^0/
other bonng insects.

In the fell one occasionally sees a sluggish caterpillar covered with
httle oval bodies resembling eggs; examined more closely, these little
bodies are seen to have a silky finish ; they are the cocoons of a para.

N,

•lin.V



5* Descriptive Zoology.

larv.,and after Jiinghts^^^^ TT' '°^° ^'^^ ^'«

out and add insult to iniut 1 u f •

^^^rpdlar, eat their way
the skin. SorlL hTrS^fattb'T" '^ ''' °"^'^« «'

form, and a hole may be discov^H1 '^^^^^^ butterfly fails to trans-

made their escape ^ '^ ""^''^ '^' "^"^* "Biaconids" have

Characteristics of Hymenootera —Th*» w

General Characteristics of Insects — t Tnc . u

rennae. The thorax bears three oairQ nf i« 1

Harm done by Insects. _ , Thev ^„f
damage to our field and ^r^. '' . "^ "°P^- ^"^ ^e
computation. 2. Thevc^l/"^"''^ '' *'"">»* beyond
diseased matter and IvS >T'*

"""" "'^ ^'"'"S on
introducing disease gern^Mn biH r ""^- "'"' »'«' ^^
Injure stock (flies, mos" uiLs 'bo'tfl^?" ^^ '^ '^"'^

.njure buildings (ants and wWte anM iV ^
l"'^"nnoymg, when not injurious, to mln ''

^''^^ '"•'= °ft«»

Good done by Insects — ti,^ u

l*l>IIP.'
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in fertilizing flowers i. unknown to many, but is essential
to man m certain crops

; (7) they serve as';cavengers flksbeedes, maggots, etc.); (8) many kinds are veiy usefulTn

^orerf TT" T'''''
^' ^^'"^"'"^^ ^'^^ ^hat destroy

borers, ladybugs that eat scale insects, etc
^

On the whole it would be difficult for a jury to saywhether msects do more harm than good; and It is per^

world to fill. And yet we must not submit tamely to their
ravages, for we may outwit the robbers and turn other
robbers agamst them. We should make it a study to turn
insects as well as other groups of animals, to the best
account, and thus make the lower forms of animal life
serve man, who is deservedly at the head of creation solong as he shows his fitness to rule.

ORDERS OF INSECTS.
Thysanura-Springtails. Neuroptera-Ant Lions.

Orthoptera- Locusts. Diptera- Flies.
Henuptera- Bugs. Coleoptera- Beeties.

Hymenoptera— Bees.

m^n^mswrn
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CHAPTER III.

BRANCH ARTHROPODA.

CLASS MYRIAPODA.

have a more or less harden^dextern ^t T""
Arthropods.

ointed appendaees Th! k i
'''^'**°"- ^n^ P»"ess

segments'^Le aX there be'
" '"'"""' •"" """^^i' ">e

and abdomen. OnMe Ls? "°
'f

"""'o" "' '"""x
the segments are the sd1«!-. u™'

'"'="^'' <" ">«' <"

'- 'o 'he a. t4 rt'er. ^aT^z';--:^-

Fig. 38. CENTIPED.

jointed antenna a n.ir T ^ * P^'^ °' "any-
of jaws.

• "="' °' ^y^'- ""d '*» or three pairs

pair of legsl e sCe'r tT"''
'"'""' "'* °-

''--I^^SfclS-^-iW
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nized by their habit of coiling into a spiral when disturbed •

they have two pairs of legs to each segment. They
'

vegetarian and not poisonous.
are

tie. 39- SKEIN CeNTIPED.

Both of these forms are usually to be found by over-
turnmg stones and logs

; the centipeds seek safety by run-nmg briskly away, while the millipeds coil up and lie still.

CLASS ARACHNIDA.

The Spiders.— The b,.dy of a spider consists of two
parts connected by a constricted waist, the unsegmented
cephalothorax and a large, soft, unsegmented abdomen.
There are six pairs of appendages : first, the jaws, each
jaw endmg m a sharp, incurved segment at whose apex
opens the duct of a poison gland ; second, the palps, which
are sometimes mistaken for a pair of legs ; and lastly, four
pairs of legs.

Spiders have from one to four pairs of simple eyes vari-
ously arranged on the top or front of the head. Spi-
ders have a well-developed sense of sight, and their sense
of touch IS very delicate. Of their other senses little is
known.

m'^im^>ym!mmmmmmm>^ %;^-^' - A'^A'-J
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Fig. 40. Jumping
Spider.

^'.e.se.„„.eHou3.r„:t:,''rfinL,jit
- r''<=" '» »aid to kill small birds. Thfre

IS a strong sucking stomach which isworked by special muscles

asin ,r
'"°"

!° '"'""""e by air tubes,as m the case of insects, spiders also havewha a,e called lungs, or, from thdrpecuhar strftfure, "lung books." Theopemngs to these lungs are under theabdomen. The cavity to which th^opening leads is somewhat like the insideof a pocketbook, with a number of com!

Plates or leaves of the°'b^k •

"
V°°''u

""" "*""'" ""«

air come near each oth.,
^''"' ""* ^^°°^ »»d the

brane, and by"he foldin. an'"""''"
°"'^ "^ » '"in mem-

This is the ^me~ nI^T!,°/'"'='^"='"«='=•'«'^•
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""• '""«" ""'' 8"'». ^ut
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'^ '^"'*'' »•" « various wavs
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the conspicuous webs. These kinds lead a rather seden
tary life, preferring to set traps for their game rather than
actively hunt for it.

The spinning apparatus consists externally of two or
three pairs of short segmented appendages under the tip
of the abdomen. Each of these spinnerets has many short,
hairhke projections, with a perforation at the tip of ePch

Fig. 41. The Spinnerets of the Common Garden Spider.

Within the abdomen are glands which secrete a liquid sub-
stance of which the web is made. When the spider wishes
to spin It presses the spinnerets against some surface, and
the exuded liquid adheres ; then as the liquid is drawn out
into a slender thread it hardens as it is drawn, making a
thread often of hundreds of strands united. The feet of
the spiders have blunt claws with a series of teeth by
means of which they can easily walk on the web without
tearing it. In spinning the webs with radiating and concen-
tnc Imes. such as we have often noticed, the spider first
spins a few foundation threads, then the radiating threads
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outward, but when f.'us spiral web is completed it begins

Wtes off h! fi
VP'" "P"" '" "= ^"^^^^^ direction. I,

d ops them to th
""'•;".'• ™"'"« " "P '"'» ""'" balls.

to e*:. he :eb re"tVr" 1' 7' 'r"''
'"'^^^

i^r^^S^ ^" * vertically.

Fio. 4a. HEAD ANo Mano.bu:s ok Common Gakoen Sp.oer.
1 he tpols above are eye*.

rcatVt'if"
"'"^^ °" •'"' """'^ '''"' »" '"« "hen a fly

quickly catch r T •" " "t'
°^" " ="" "^P ''°-» -^

web while th ,
" "r"^ "" ''^'"'"^ th" i- on 'heweb, while the male may be hidden near by. The male is

We have often wondered howit is that on some brieht

"~e7float•''^"'r
'^ '" "-•' spider w'r:;

J,Tl ! ly '" ""^ ^''•- This is mostly formed bysmall spiders They climb up on a fence or stump or

the heat of the sun. Standing with the tip of the abdomenpomting upward a thread is started; the current carr^Tuupward as it is formed, and after awhile theTJ rentTears

tself -and they may often be seen by the hundreds float•ng along, so many tiny, unpatented airships.

iE^; s^::m
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It is said that these gossamer webs arc a sign of fair
weather; so these little creatures seem to have forerun
mankind in forecasting the weather as well as in aerial
navigation.

Some spiders construct funnel-shaped webs, and remain
concealed at the small end of the funnel, ready to rush out
when their delicate sense of touch informs them that some-
thing is shaking the web, as when an insect is caught.
Gently disturb such a web, and see the occupant dart forth.
Another use of the web, and almost the only use in some

spiders, is as an envelope for the eggs. The web forms a
silky but tough covering, usually deposited in some place
of safe-keeping, but rarely carried by the mother. There

Fig. 43. Spider, with Cocoon AXTAciiEn to SpiNNKRrre.

are many eggs in one such case, and when hatched
the little spiders sometimes become cannibals, each eating
as many as it can of its brothers and sisters.

Kinds of Spiders.— There are many kinds of spiders

;

among the largest is the tarantula ; the bite of this and of
some other large spiders is very painful to man, but most
of the stories told of spider bites are gross exaggerations.
T'-c trapdoor spider is an interesting form ; it lives in a
h .le in the ground, lines its hole with web, and makes a
lid which it hinges with the web. One spider lives under
water, forming an arched web, under which it stays, carry-
ing down bubbles of air which are introduced beneath
the web.
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The form ,boJ^Tm"]l
'" "'''P?' '^"'rica and Africa.

Florida. Other pedf, "^ "f"" ^•'" '1'""' ^''™""» •"
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don.e„ . hroa, the hind:""pantrS;'^:'.;^';^

Fig. 44. Scorpion.
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CHAPTER IV.

BRANCH ARTHROPODA.

CLASS CRUSTACEA.

Example— The Crayfish.

Occurrence.— Crayfishes are found fairly abundant in
streams and ponds in many parts of the United States.
They may be seen crawling about on the muddy bottom,
but, being nocturnal in their habits, they usually escape
observation during the daytime by hiding in holes, under
stones, and especially under ledges of rocks, overhanging
banks, or where the stream has washed out the soil about
the roots of trees standing on the banks.

Crayfish Holes.— Crayfishes are also found in holes
which they dig, usually in low ground. When the water
dries up from the ponds and creeks, crayfishes often dig
down to water, and, at this season, live in these holes.
The holes are frequently many feet deep. The soil and
clay are brought up in pellets, and with these a "chimney"
is built up around the mouth of the hole.

How the Crayfish Walks. — The crayfish walks by means
of the last four pairs of thoracic legs. Each of these legs
has seven segments ; and the successive joints admit of
motions in different planes, so that the whole appendage
has great freedom and variety of movement. The cray-
fish usually walks slowly, holding out the big pinchers in
front. It can, however, walk sideways or backward. When
taken out of water the crayfish walks with a heavy, awk-

6i
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ward movement, frequently bumping its body upon the
floor

;
it evidently needs the buoyancy of the water to sup-

port its weight. .

How the Crayfish Swims.— Swimming is the most rapid
action of the crayfish, and it probably seldom resorts to this
means of locomotion except to escape enemies. The side
parts of the " tail fin " are spread out as wide as possible,
and the whole abdomen is suddenly and forcibly bent down,
under, and forward. This makes a powerful stroke, and
drives (or rather pulls) the crayfish swiftly backward. The
whole of the under surface of the abdomen is concave, thus
getting a good hold on the water. As the animal darts
backward the resistance is greatly reduced by the convexity
and smoothness of, the dorsal surface of the abdomen.
Again, since the big pinchers rather necessarily extend
forward, it would be difficult for the crayfish to move for-
ward with any considerable speed ; but when it darts back-
ward the big claws drag along in the wake without any
special resistance. It should be further observed that when
the crayfish is frightened, the chances are that it is on or
near the bottom, which in most cases is more or less muddy •

when the powerful tail stroke is made, it would naturally
sweep close to, if not actually touch, the muddy bottom.
This stirs up the mud, and thus makes the water turbid
between the pursuer and the pursued, and greatly favors
the chances of escape.

The Muscles of Locomotion.— The muscles which move
the appendages are inclosed in the framework along the
ventral surface of the cephalothorax. The muscles which
flex and extend the abdomen in the act of swimming fill

most of the space in the abdomen. As would be expected,
the extensor muscles are much smaller than the flexors!
The extensors arise from the side walls of the thorax, and

"&wi^^^w^m^smft.Tmi^^F^i'^^



I

Fig. 45. External Fkatures of thk Lobster.

' From Packard's Zoology.
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extend back into the abdomen, being atUched to the an

abdomen. When these muscles shorten they pull the an-tenor edge of each tergum under the postern^ edge of theprecedmg tergum. and thus straighten the abdomen. The

tine and fill
" "'"'' '"^ '"'"«"*• ««'<>" '"e inies!tine and fii,,„ „„, ^^^ „, ^^^ ^^

the flexor muscles. These are very complicated. Like the

£«teosor muscle.

Intestine.

flexor mtucles.

abdommal arteor. ^I|||tf Nerve coS'"™"*

Sternum.

19. one of the swimmerets.
FiG. 46. CROSS SF.CT.ON OK Ab.k^MKN OF CRAVFISH.

From Huxley's Crax/lsk.

y wnicn me animal swims backward so rapidly
Food of the Crayfish, and Mode of Eating. -The cravfi.hlives largely on worms, the larv^ of insects with ^?^.hmost waters abound snails efr tk !: J

'^^

by choice vet hv n
'

"^ "^""^y^'^ '^ carnivorousDy cnoice yet by necessity may be almost omnivorous Itis a greedy eater, and does not disdain carrion. It's di
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Crustacea.

cidedly useful as a scavenger, disposing of a
great amount of dead and decaying material
which would pollute the water,

such as dead fish, clams, etc. In
eating, the big pinchers may
tear the food to pieces,

and then the smaller pinch-

ers of the second and third

pairs of legs may transfer

the pieces to the mouth, the

entrance to which is sur-

rounded by the maxillipeds.

Or, instead of this process,

the crayfish may apply the

mouth directly to the food,

and gnaw it off in bits by
means of the mandibles and
maxillipeds. Crayfishes
are frequently guilty of

cannibalism.

The Digestive System of

the Crayfish.— The mouth
of the crayfish is on the ^
under surface instead of at |

the front of the head, as
in many animals. There
are six pairs of mouth parts,

mandibles, two pairs of maxilte, and
three pairs of maxillipeds. These
jaws all move sidewise ; and when all of them
are closed, the third or hindmost pair of
maxillipeds cover all the others. The short
gullet passes straight up from the mouth to

65

o

V
3
a.

3
n
3
o
c

>

cn
m
Q
O

o

o
>

the



66 Descriptive Zodlogy.

f 3

I'

toe stomach which is situated in the head. The stomachs very complicated. K has in its walls a set of arms 'r

imacr 'T:i
'°^'="'" "^ '" ^"PP°" "•« wal s oT thestomach. Further, these bars, which are composed olchmn. are acted on by sets of muscles on the outeideThere are teeth on the inner walls of the stomach some

surface Certam muscles attached to the outside of thestomach act ,n such a manner as to make these teeth worktogether and masticate food in the stomach. The fu„rtln

eries of stfff h
'""^^'- P^^' of ">e stomach there is asenes of stiff hairs which act as a strainer, so that onlyvery fine particles are allowed to pass on into the intestine^longside the stomach on each side is the large dtestTve

bt"k of thrst"'Tr:' "' ' ""^^ '"'" '"^
'—

" -back of the stomach. These glands were formerly ca led.vers, but m function they more closely resemble a pancr astheir secretion digesting proteids and fats, and 0"^
also starches. Beyond the stomach the intistine ex endma nearly straight course along the upper part of theabdomen, ending i„ the anus on the under surU of the

Respfratioii In the Crayfish.- The crayfish breathes bymeans of the plumelike gills, which are' covered by the

tem t ?""'''"• ^^'^ «»' *'^ '"O Wood tubes in it!stem, through one of which the blood enters, while it return!

gill the blood IS separated from the water by merely athm membrane so that the blood and the water make anexcnange, the blood getting oxygen from the wa"er and«.vmg to the water the wane products_ such afcXndioxid— which it contains.
™°
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There are Two Sets of Gills.— One row is attached to
the bases of the thoracic appendages ; these are the foot
gills. A second row arises from the joints by which the

WATER

CURRENTS t
BLOOD

CURRENTS

Fio. 48. Cross Skction of a Crayiish through the Hkart.
Showing the gills, blood currents, and water currents.

thoracic appendages are attached to the thorax; these
are the joint gills. (In the lobster there is a third set,
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higher still ansing from the side of the thorax, and called
the wall gills.) The lowest set. the foot gills, have leaflike
extensions along their borders, which perhaps serve to keep
the filaments of the gills from becoming entangled with
one another. The gills all have their free ends extending
upward. The direction in which the gills extend is inkeepmg with the fact that the water which bathes the gills
enters about the bases of the legs. and. passing over the
gills escapes near the anterior end of the cephalothorax,
back of the base of the antenna of each side. It has been
observed that the cephalic groove marks the distinction
between the head and the thorax. This groove also marks
the anterior limits of each gill chamber. In the extreme
anterior part of the gill chamber, extending obliquely up-
ward and backward, is the gill paddle or gill scoop. It is
a part of the second maxilla. It is attached by its middle
part, and each end is a somewhat spoon-shaped paddle.By a constant back-and-forth motion this paddle continu-
ally bails the water out at the anterior end of the gill
chamber, and thus draws more water in at the lower border
of the gill cover, between the bases of the thoracic legs.

Circulation in the Crayfish. -The heart is situated in
the dorsal part of the cephalothorax. From its anterior
end arise five arteries

: a single artery in the middle line
supplies the eyes; back of this a pair run to the antenna;
and still further back, a pair lead to the digestive glands
of the two sides. At the posterior end of the heart arises
one artery, which almost immediately divides into two
branches

;
the first branch runs straight back, just above

the intestine, and is called the dorsal abdominal artery

;

the other branch extends downward, passing through the
nerve cord. After passing through the nerve cord it again
divides into two branches, one running forward, the sternal
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artery, and the other extending backward, the ventral ab-
dominal artery.

AH these arteries divide and subdivide, forming capil-
laries. But the capillaries do not reunite, forming veins

;

they empty into more or less irregular spaces in the body,*
around the muscles and other internal organs. All these
spaces, or sinuses, as they are called, lead into one main
channel, the sternal sinus, which extends along the middle
of the ventral region. From this sinus, passageways con-
duct the blood to each gill. In each gill one tube, the
afferent vein, conveys the blood to the gill filaments ; while
another tube, the efferent vein, returns the blood to another
set of veins, called the branchio-cardiac veins, which lead
to the pericardium. There are no tubes to convey the
blood into the heart, but the blood enters the heart directly
through three pairs of holes, one on each side, a pair on top,
and another pair below. These holes have lips on the
inside, which act as valves, allowing the blood to enter
freely, but preventing a refiow through the holes. Thus
the beating of the heart causes a constant flow of blood in
one direction

: first to the tissues of the body in general,
where it gives up oxygen and food materials and picks up
carbon dioxid

; then to the gills, where it gives off carbon
dioxid and gains oxygen ; then back again to the heart.
The blood is colorless, but after exposure to the air it

turns bluish.

Excretion in the Crayfish.— In connection with the study
of the gills we have seen how the carbon dioxid is removed
from the body. But the nitrogenous wastes are excreted
by a pair of kidneys, which are called, on account of their
color, the green glands. They are situated in the head,
just below and in front of the stomach. The gland proper
IS a button-shaped body, lying close to the ventral body
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wall. This leads into a thin sac, which serves as a bladderand It in turn opens by a duct to the exterior, through theapex of a hard, white, conical papilla, on the ventral surface
ot the base of each antenna.

It is worthy of notice that the current of water cominrfrom the gills passes directly by this other exit of waste
so that one stream carries away all the waste products.'
avoiding duplication of machinery.

The Nervous System of the Crayfish. - The nervous sys-
,
Uem consists of a nerve cord which lies on the floor of thebody cavity, extending the whole length of the body in the^kW;e line. It is a white cord, composed of a ganglion
fbr/each segment, connected in line by nerve fibers. The

cfnA'^kf^^^ "^T^
'"' ^"' '^^ '^° ^°^^ °^ g^"g«°"« have

^

cbns^a^idited. so that there appears to be but one row of
fl^lions.^ The cord itself, between the successive gan-
«li6ns. while apparently single, is actually double. And in
two places tie double nature of the cord is manifest. The
two parts o( the cord pass on the right and left of the
gullet, forming what is called the esophageal ring, or
esophageal collar; again, the sternal artery passes between
the two halves in the interval between two of the gan-
ghons. Though there is a ganglion for each segment,
here ,s a consolidation, so that there are but thirteen dis-
^nct ganglions for the twenty (or twenty-one) segments.The first ganglion, called the brain or the cerebral ganglion,
is the result of the fusion of three pairs of ganglions. Back
of the gullet, and connected to the brain by the two com-
missures passing on either side of the gullet, is a large
ganglion which is evidently composed of the ganglions of
the last three cephalic segments united with the ganglions
of the first three segments of the thorax. Following this
are five more distinct ganglions in the thorax and six in the

\
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abdomen. In the abdomen the nerve cord is in plain view
when the abdominal muscles have been removed. But in
the thorax the cord is concealed in a groove made by the

lii

'y^^—

Antennule
nerve

Antenna
nerve

Nerve ring
around gullet

Ganglion 7

Optic nervt

Brain

Gullet

Ganglion •

+- Sternal artery

Ganglion 6

Ganglion 13

Abus

Fig. 49. NERVOUS System ok Crayfish.
From {{tixley's Crayfitk.

inward projecting framevvo-k which supports the muscles
which move the appendages. From each ganglion nerves
radiate to supply the adjacent muscles and sen.se organs.
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The Seniei of the Crayflih. — The crayfish appears to
have the senses of touch, sight, taste, and smell.

The Sent A Sight— The eyes are on movable stalks.
The advantage of being able to project the eyes is ap.
parent. The protection afforded by withdrawing the eyes
is almost equally apparent when we consider that cray-
fishes fight fiercely with each other, besides being frequently
under the necessity of protecting themselves from enemies
outside of their own race. The projecting rostrum and
the sharp blade of the lamina of the antenna need no ex-
planation as to their use. The eye of the crayfish is a
typical compound eye. It is made up of distinct parts,
each of which is called a facet, or cornea.

The Sense of Touch.— One does not need to experiment
long with crayfishes to be sure that they feel as well as see.
The general surface of the body is more or less sensitive
to touch, but with such a hard covering this sense can
hardly be other than a very dull sense over most of the area.
But the antennae are specially adapted for this sense, and
their long, slender, tapering form and jointed structure
render them convenient to apply to surrounding objects.

Smell and Taste.— Certain hairs of the external branch
of the smaller antennae are believed to be connected with
the sense of smell.

There is in the basal joint of each antennule a sac,
formed by the depression of its outer surface, so that free
communication is left with the surrounding water. This
was long supposed to be an organ of hearing, but is now
regarded as the seat of the sense of equilibrium.

There is no doubt that the crayfish discriminates in
choice of food, and we have good reason to believe that
the sense of taste is present.

tmrmm^^sm
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The Enemiea of the Crayflah. — Various carnivorous

fishes, such as black bass, cat crayfishes, hence the fisher-

man also becomes an enemy of the crayfish by capturing

it for bait. Raccoons are very fond of crayfishes. Both
of these animals are nocturnal in their habits ; so when the
crayfish sets out in the evening to get a lunch, the raccoon
lunches on the luncher. One who frequents the woods
may see the raccoon tracks along the creeks where it has
been seeking this and other aquatic animals for food.

Muskrats and crows are also among the more important
enemies of the crayfish.

How the Crayfish escapes iU Enemies.— In the first place
its nocturnal habits keep it out of sight of some enemies.
Second, its color is in close harmony with its surroundings,
so that it is very inconspicuous. Dull shades of green,
brown, and red are the prevailing colors.

Though the senses of the crayfish are none of them very
acute, they plainly are useful in making the animal aware
of the approach of enemies. Then it is usually near the
bottom, where there are many places of refuge. And last,

but not least, this creature has one kind of locomotion that
is speedy, that of swimming. The hard covering may
make the crayfishes objectionable as food to many animals
that otherwise would eat them. The big pinchers, too,
which he knows so well how to use, are no mean defense
against his lesser foes. And further, the threatening atti-

tude which the crayfish assumes when cornered, may
intimidate some would-be assailants who do not like the
looks of the bristling claws, and fear that the " bite will be
as bad as the bark."

The Eggs of the Crayfish.— The eggs are extruded
:is usual, but instead of being left in some place of de-
posit, are attached to the mother by being glued to the
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dark, and m the mass suggest the appearance of a berry •

hence the mass of eggs is called the "berry." A lobstow,,h the eggs attached is called a " berry lobster." From

the adult These httle fellows have incurved hooks on theends of the.r claws, by means of which they take fast hlld

VLTZT'' " ''' -"''- -' --'
'" - ---ed

Rate of Growth of Crayfishes._ The crayfish is about a

firs year .t ,s about an inch and a half long. After the

thalr; " '™"^ r" ^'°"'^' ="" ^'="""" becomes mlthan five or six mches in length.

Molting. -Since the hard parts are on the outside

some special provision were made. This is provided forby the shedd ng of the entire outer h^rA .
t'™^'°ea lor

Derinri, Th. u J t ,V
™ covering at stated

periods. The hard shell splits across the dorsal surfacea the junction of the cephalothorax and abdomen. Thecarapace also usually splits part way forward from thetransverse opening above mentioned: By severe Jon
heVtl 1?"" •'"' ''-' ""'""''«'' are'first ex^racShen the abdomen is pulled out of its hard covering. This

he birotc:™' " 'k' I''
°' "'^ "^^"^h- S"-"-the big pinchers are broken off in the effort to get themout of the old case. Crayfishes sometimes perish nth"

Zlt '"' '''' '"'"' '"^'^ "Wde-bound" conditionAnd for some time after molting the body is soft and

usually timid, and lives in hiding till its skin again hardensby the addition of limy matter. After shedding, the crayfish ,s doubly helpless; not only is his body soft and easUy

^**fi
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injured, but his claws, being soft, are useless as weapons of
defense. In molting, the hard Unirig of the stomach, with
the stomach teeth, is also shed. Crayfishes molt several
times the first year, the number of molts gradually decreas-
ing till in adult life the molt probably takes place but
once a year.

"Crab's Eyes."— Previous to the time of molting there
appear on the sides of the stomach two button-shaped
bodies of limy material. In molting they are shed into
the cavity of the stomach, together with the lining of the
stomach. It is believed that they break up, become dis-
solved, and are absorbed and then deposited as stiffening
matter in the chitin, which makes the basis of the envelop-
ing crust.

Restoration of Lost Limbs.— Crayfishes often lose their
legs while fighting. Sometimes also they seem to drop
them or throw them off when badly frightened, but
perhaps they are merely snapped off in the violent effort
to escape. The legs seem to break off always at the same
place, where the leg is most narrow, and this is the easiest
place to heal. The blood quickly coagulates, and such
loss seems not to be dangerous or even serious. The
mutilated stump at once begins *o grow a new leg, but
for a long time it is smaller than its mate. If one looks
over a number of crayfishes, he is pretty sure to find some
in this condition. The big fighting limbs are ordinarily
the ones that have been lost.

Are Crasrfishes Beneficial or Injurious to Man ?— Crayfishes are good
to eat, the only part, of course, being the muscle, most of which is in
the abdomen. They are used as food to a considerable extent in
Europe, but they are little used in this country-. Crayfishes are very
useful as scavengers, eating dead fish, etc. Crayfishes are said to
benefit some heavy, clayey land by the holes they dig, perhaps by mak-
ing the soil more porous and helping to drain it.
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by the d,ke., and «„.,„g i™n,e„« t^ „,p„p^„^ ^„j someutes of

ouUhe'S 'I'^'^'^-C'-y'i^h'^ are fairly common .hrough-

Uon ThT
^'"'^''' """ ^P^^l'y '•» "•= ce»'ral and .oulhern ^r-tions. They are usually more abundant in regions where there is plenty

NewESn'd'Th" '^.t"^-™"- S™"e rock prevails^!.? ^

m^t J,^ J ^ ^? '" '^ '"""^ '" '''^"'l a"<i England and onmost of the comment of Europe, in Australia, New Zealand, Mad^i-

America. In Africa none have ever been found.
Origin of Crayfishes. _ It is supposed that the crayfishes are descend-

mouth! T""
"^'^'''"^

'

'•^^^ ^"•"^ °^ ^^'-^ f--« "ved about themouths of nvers, gradually became accustomed to partly freshened

lake?X:T' ;V"^'
"^*"' ^"' ^^^^"^^^ ^^^ «^-'- -^t-e^dakes. We do not know any living salt-water crustacean from whichthe crayfish is supposed to have been derived.

ti

M^Mi



CHAPTER V.

BRANCH ARTHROPODA.

CLASS CRUSTACEA {Continued).

Lobsters. -- With a few unimportant exceptions, the
structure of the lobster is essentially the same as that
of the crayfish. The lobster may be said to be a big salt-

water crayfish, or the crayfish a small fresh-water lobster.

Lobsters are an important food product of the North At-
lantic, both to the old world and the new. From twenty
to thirty millions are caught annually along the coasts of
New England and Canada. They are captured by sinking
large wooden traps, which are called " lobster pots." These
are baited with refuse fish. A buoy is attached to each
trap to mark its place, and to serve as a means of taking up
the trap. The lobsters thus caught average less than four
pounds in weight, but specimens have been found that
weighed as high as thirty-nine pounds.

Shrimps and Prawns.— Two other marine crustaceans
that are largely used as food are the shrimps and prawns.
These are essentially like the crayfish, but differing from
it more than the lobster. They are caught in large numbers,
and eaten fresh or canned, as is the lobster. Prawns have
a permanent hump on the dorsal surface of the abdomen

;

and the dorsal surface rises as a sharp ridge, perhaps to
diminish resistance, and thus increase its speed when swim-
ming. Most of our so-called shrimps, out of which the
famous salad is made, arc really prawns, and not shrimps.

77
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Crabs. —Though differing considerably in appearance,
crabs have the same essential structure as crayfishes and lob-
sters. The cephalothorax is broad instead of being rela-
ti-ely long and narrow. The abdomen is kept folded under
the cephalothorax, and is not used in swimming, ali lost its
only use being to protect the eggs in the female. As in the
precedmg forms, there is the hard protecting crust ; stalked
eyes

;
several mouth parts ; five pairs of large thoracic ap-

pendages, the first pair armed with big pinchers; gills on

Fig. 50. Shrimp.

the sides under cover of the carapace ; and the same general
manner of hfe. Crabs are great scavengers ; and if, while
at the seaside, one wishes to clean a skeleton, if he puts it
into a box guarded by slats, with spaces just wide enough
to let crabs in, they will Tlo the rest. Crabs may be caught
by tying a piece of meat to a string and letting it down off
almost any wharf or rock into the water. When the crab
takes hold with the pinchers he will usually hold on till he
reaches the surface

; and while he may be lifted out on the
wharf or bank, it is safer to use a net when he is brought
to the surface. Though most crabs are good to eat. and
many kinds are so used, the one most eaten is the blue crab



Crustacea. 79

iCallinectes hastatiis), often called the " edible crab." Just
after they molt they are esteemed good, cooked whole,
under the title " soft-shelled crabs."

Swimming crabs, such as the blue crab, have the last pair
of thoracic legs developed as paddles, by means of which
they swim sideways with considerable rapidity. In the

Fig. si

Swimming legs.

Lady Crab, Natural Size.

case of crabs that do not swim, tlie last legs are not flat-

tened, but end in a point like the other legs. The little

oyster crab is often found in an oyster stew (Fig, 52).

Development of the Crab.— It is very interesting to note
that the crab, when first hatched, has nearly the form of
the crayfish, with an extended abdomen and a relatively
narrow body, but that gradually the cephalothorax widens,
and the abdomen becomes folded under the body. Crabs



8o Descriptive Zoology.

Fig. 52. Oyster Crab.

are regarded as the highest, and probably the latest, of the
crustaceans. While the development of the individual does
not recapitulate the development of the race quite so fully
as m some other groups, it serves very well to illustrate the

general law that the development of
the individuals of the highest group
is an epitome of the development of
the group as a whole, and often is a
recapitulation of the order of geo-
logical succession.

h.VK-.^ 1 . r . .
Cephalization.- By this term is meant the

higher development of the head, and of the appendages belonging to and
immediately surrounding the head. In the lower forms of crustaceans
the head does not predominate as in the crabs. The diameter is ap-
proximately the same from one end to the other. Even in the crayfish,
he ganghon at the anterior end is very little larger or better developed
than those of the abdomen. In the crabs there is a much greater con-
cen ration of the ganglions in the thoracic region. This principle willbe Illustrated in other groups of animals, but it can be seen here that the
higher in the scale, the greater is the development of the head regions.

The Sand Crab. -This crab, with numerous others, lives out of
the water considerable of the time. It is sandy in color, and lives
out on the beach. It seems to be rather keen sighted, and runs ata lively rate when pursued. It usually attempts to escaoe, and often
succeeds, by burying itself in the sand. This it does in a wonderfully
shor^^time. With a few quick, jerky motions of its legs it buries itself,
usually leaving only the tips of its two eyes projecting above the surface!
It is practically concealed,^ so much so that one who has pursued it,
unless he ooks closely, may lose sight of it ; but the crab has its enemym sight all the time. Its means of escape is ingenious, and the color isa tine example of protective resemblance.

The Fiddler Crab. - This little crab, about two inches wide, has one
big and one small pmcher, suggesting the fiddle and bow. These very
interesting little fellows are sometimes so thick on the shore, along the

ve^\7' *tf T"°^^ '^'^ ""'^'^ ^°^ ^"^"""g ^««'"' -nd make avery noticeable nistlinsr no.se as they elbow each other while retreating
from the inquisitive biped, of whose motives they are suspicious.

%\
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*/^^*?r^"^"~^" *^' Mammoth Cave, and some other cavesare found bhnd crayfishes. This does not mean that in all c^s eve,'are completely Jacking,-in fact, in most cases rudiments of^es L"present, but useless. How long these animals have thus lived in da^!ness we do not know; but we find that an organ that is no longer uTedmay lose ,ts function and even dwindle away. We here see illusionsof the general law that disuse leads to deterioration in both structure

;reteXHy « weir^"^ ^" -^-''''^"-—
'
-^ P^^'^^P^-

Hermit Crabs.- These crabs back into an empty univalve sheH whichthey carry around with them for protection. ThVabdomen, anI'JIl Ihe

Fig. S3. Blind Crayhsh of Mammoth Cave. Natural Size.

parts except the head and projecting appendages, become soft, and de-pendent upon a continuance of such protection. When the crab getstoo b.g for the shell, he hunts for a bigger one. It is said that thesecrabs sometimes fight over shells. One hermit meeting another crabthat has a shell that he thinks would fit him better than the one he has,

X?Jl °!,
"""^ ^'^^^' ^'^'^ *° '^"^ '^^' ^^ h^« g°«en a misfij

after all, and so goes back to his old shell, a wiser if not a better crab.

or !KT^r" ~ u
°"^ ^''' '^°''" ^" '^^ ^^S^ ^'^ ^'"°s» «"y stone pieror wharf along the coast and looks down into the water, he may see a

n

WF^fi".
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^leneral wavelike motion as if hundreds of hands, with feathery
fingers, were constantly opening and closing. Looking closer, he will
see that these feathers are in clusters, each projecting from the apex of a
cone-shaped body whose base is attached to the rock wall. These are
acorn barnacles. Disturb them and they will draw in their feathery
appendages and close the shelly valves that guard the opening. They
resemble bivalve mollusks, and in fact were regarded as mollusks until
It was discovered that when you ,g they are like the young of the lower
Crustacea. After leading a free-swimming life for a time, they attach

I ^

III

Fig. 54, Hermit Crab in Shell of Sea Smaii,

themselves by the head end to a rock, and thenceforth live anchored to
this one spot. They have given up locomotion, and become sessile.
The law of progress in evolution is toward greater freedom, as illus-
trated in many forms of animal life ; but here we have a good example
of retrograde development, or degeneration. Almost the only ready
indication of its crustacean relationship is the segmentation of the
appendages.

Another form of barnacle is the goose barnacle, which has a body
resembling a clam, attached by a soft, flexible stalk to some solid
object, frequently to a piece of floatine: timber. When actively feeding,
the shell opens and the feather-like feet extend in Uvely motion, but

_.. . A.-
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they are withdrawn and shut in if the animal is disturbed. In its dcvd-
opment the goose barnacle has about the same history as the acorn
barnacle.

Other Degenerate Crustaceans. - Degenerate as are the barnacles,
there are still lower crustaceans. Various crustaceans have become
parasites, living attached to whales, fishes, etc., and have become so
degenerate as to have lost all likeness to the typical crustacean struc-
ture, so that no one would, without pro-

Jonged investigation, even suspect that they
belonged to thi? group.

All of the above cases, blind crayfish,

hermit crab, barnacles, and parasitic Crus-

tacea, illustrate one general principle, that
disuse leads to atrophy, and that parasitic

habits involve degeneration in structure as
well as in function.

Classification of Crustacea.— The Crus-

tacea are divided into two subclasses, the
Entomostraca and the Malacostraca. .

The Entomostraca are of comparatively ^'°" ^S* Goose Barnacles.

simple structure, usually small, sometimes ^""^ Kingsiey*. Cemparativt

microscopic. The number of segments is

variable, and the appendages are very siraUar throughout. We may
briefly consider some of the leading orders.

Some of the Phyllopoda are covered by a flat, shield-shaped carapace

;

others have a bivalve shell which does not inclose the head. Some
Phyllopods have no carapace. In some forms the bodv is unsegmented,
and there are leaflike, lobed, swimming feet.

The Ostracoda are small and the head as well as the rest of the
body is inclosed in a bivalve shell, somewhat resembling a little clam.
The Copepoda may be represented by the cyclops, or water flea,

Fig. 56. This form is common in sluggish streams and ditches. It
IS white, large enough to be seen by the naked eye, and swims by a
jerky motion of the antennae, which are its largest and strongest
appendages. The female bears two large egg masses.

The Cirripedia comprise the barnacles above mentioned.

^
The Malacostraca comprise the higher Crustacea. They are usually

of considerable size, and the number of segments is rather constant,
instead of variable as in the Entomostraca. There may or may not be
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a carapace, and the head may consist of but one piece, formed by the
consolidation of several segments (usually five). The thorax has eight
segments ^nd the abdomen usually seven.

Without attempting to enumerate the orders, we may mention the
Amphipoda, and illustrate them by th beach tleas and sand hoppers.

Fig. 56. Water Flea (Cyclops).

Female with egg mm. There is a tingle eye with two facets.

which have a laterally compressed body, the anterior legs bearing gills,

and the posterior used for jumping.

The Isopoda have a body flattened from above, and bear t,.lls on the
abdominal appendages, as in the sow bug, shown in Fig. 57.

The Decapoda, o- .en-footed Crustacea, are so named from the five

large pairs of thomcic appendages observed in the crayfish, whch serves

X £ \ y* as an example of the group. The Decapods

\ ^^^h^^ 3rg sometimes further divided into the

jj^^^^^^Hk^ Macrura, or long-tailed forms, such as the

^jHH^j^PB^T^ crayfish and lobster, and the Brachyura, or

J IT^^- short-tailed forms, such ai the crabs.

Fig. 57. Sow Bug
(Crustacean).

Characters of Crustacea.— i . The
crustaceans have a hard cuticle,

formed by the underlying skin. The cuticle consists

largely of a substance called c/ti'tm, which is tough and
more or less ela.stic. The chitin becomes more or less

infiltrated by carbonate of lime, and is thus made harder.

I'oUA..
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2. But the limy material is not deposited everywhere in
the cuticle. Certain placer are left for joints. At these
places the chitin remains flexible. Hence we have a series
of segments joined together, five in the head, consolidated,
eight in the thorax, and usually seven in the abdomen,
twenty being the typical number in the higher forms.

3. Not only is the body segmented, but normally each
segment bears a pair of appendages, which are themselves
segmented. The eyes arc no longer regarded as append-
ages, but outgrowths of the head, which later become
movable by means of a joint.

4. Most crustaceans have gills and lead an aquatic life.

Some of the simpler forms breathe by the whole surface
of the body, and a few forms which have gills live out of
water, but usually in damp places. The gills remain moist,
a small amount of water serving to transmit the oxygen
from the air to the blood within the gills.

5. Crustacea normally possess two pairs of antennae.
6. Most crustaceans have compound eyes.

7. Crustaceans are an active group, but, as above
noticed, some are sessile, and others parasitic.

The King Crab.— The king crab, or horseshoe crab, has a body
shaped somewhat like a horseshoe. A six-sided abdomen fits into a
deep notch in the posterior margin of the cephalothorax, and ends in a
long, tapering spine. On the cephalothorax is one pair of simple and
one pair of compound eyes. The mouth is in the center of the under
surface, between the bases of the legs, and a series of leaflike gills are
to be found under the abdomen. The king crab is found along our
Atlantic coast, often burrowing in the sand. It molts by splitting the
shell along the anterior margin. The hard crust, the molting, the gills,
and general mode of life would seem to ally the king crabs to the Crus-
tacea, but later researches place them nearer the spiders. They have
s!i!T)e points of relationship with the extinct trilobites, and are especially
interesting as the only known survivors of their race.

T^-.iriR' •"r 1
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CHARACTERISTICS OF ARTHROPODS.

1. Arthropods have an external skeleton, or exoskeleton.

2. This skeleton consists of a series of rings, movable

upon one another, i.e. the skeleton is segmented.

3. Some of these rings, or segments, bear appendages

that are segmented.

Classification of Arthrofoda.

Arthropoda.

Crustacea (Class I). ,

I. Aquatic (generally) — breathe

by gills,

a. Antennae— a pairs.

(Tracheata.)

1. A6rial— breathe by air tubes

or " lungs."

2. Antennae— I pair (or none).

(Class II)

Arachnida.

Parts of _ {I. Head-thorax.

Body. i 2. Abdomen.

(Class III) (Class IV)

Myriapoda. Jnsecta.

1. Head.

Other rings r i. Head.

Many- all alike. Three
j

a. Thorax.

2. Body worm- (3. Abdomea
like.

Legs. 4 pairs-

Antennae. None.

]aws. a pairs.

Many pairs.

I pair.

a or 3 pairs.

3 pairs.

I pair,

a pairs.

>



CHAPTER VI.

BRANCH ANNULATA.

THE SEGMENTED WORMS.

Example— The Earthworm.

Habits of Earthworms.— The name "earthworm" is so
appropriate that no one questions its fitness. As every one
knows, the earthworm burrows through the soil, usually
making the hole deep enough to reach moist earth. The
first portion of the burrow is usually vertical, but deeper
its course is somewhat irregular. The worms swallow the
soil, and from it they derive a considerable part of their
food, digesting out of it the organic matter, which is largely
composed of decaying plant material. The earthworm has
the advantage of utilizing as food the material which it

must excavate to make its burrow. In this respect it has
a decided advantage over such animals as the mole or
pouched gopher, which, as they proceed, are obliged to
carry out or push aside the soil without deriving any
immediate benefit from it. Earthworms are nocturnal in
their habits, and the fact that they are seldom seen except
when dug up leads most people to suppose that they spend
their whole lives beneath the soil. But this is not the case,
for if one searches for them with a lantern, they may be
found in summer nights, sometimes wholly out of their
holes, sometimes partly out, holding fast to the sides of the
burrow by the tail end, and ready to retreat r.t the approach
of danger. If they are found crawling about in the day-
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time, except after a heavy rain, it is pretty good evidence

that they are diseased. Often in such cases it is found

that they have been parasitized by a fly. Nearly every

one must have noticed in the morning the fresh excrement,

at the mouths of their burrows. These coiled " castings,"

as they are called, are the residue of digestion, and as the

amount of nourishment in the soil is not great, and since

the worm must do considerable excavating, the amount of

the "castings" is necessarily considerable. In dry wea-

ther the worms dig deep, and may be several feet from the

surface. But when the ground is faurly moist they often

remain during the day >near the surface, with one end near

the end of the hole. In winter they hibernate below the

reach of frost

Form of the Earthworm.— The end that usually goes

foremost is the anterior end, and the hinder end is the

posterior end. When crawling on the ground the surface

on which the worm rests is the ventral surface, and the

surface uppermost is the dorsal surface. If the earthworm

were split lengthwise in the middle line by a vertical plane,

the right and left halves would be counterparts of each

other, that is, the earthworm is bilaterally symmettical.

The earthworm is approximately cylindric, the anterior

end being more pointed, and the posterior end somewhat

flattened, especially on the ventral surface. The division of

the body into rings, or segments, is very evident. Toward

the anterior end is a region of about six segments in which

the sides and dorsal portions of the segments are swollen

and more or less fused together, forming a wide girdle

called the clitellum, the function of which is to secrete

the capsule in which the eggs are laid.

General Plan of Structure.— As just noted, the body of the

earthworm is cylindric. At the anterior end is the mouth and

ti
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at the posterior end is

the anus. These are the

two ends of the digestive

tube, which runs straight

through the body, being, on
the average, about half the

diameter of the body. The
body, then, consists of two
tubes,the outer wall,or body
wall, and the digestive tube;

the outer tube, or body wall,

narrowing till it joins the

inner tube. Between these

two tubes is a space, the

body cavity, or celom. In

most of the higher animals

we find a similar space

around the digestive tube

and within the body wall.

In the earthworm the body
cavity is divided into many
compartments by the par-

titions that extend between
the inner and outer tubes

at the constrictions, seen

on the outside, between the

successive segments.

The Body Wall. —This
consists of two coats, each
of which is made up of two
or more layers. Outside is

the skin, and within this

the muscular coat.
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The Skin.— This consists of two layers. Outside is the

cuticle, a thin layer, usually showing a beautiful iridescence.

The cuticle often peels off in specimens that have been in

alcohol. Underneath the cuticle is the epidermis (often

called the hypodermis).

The Muscular Coat.— The muscular coat is very much
thicker than the skin. It consists of two layers,— an outer

layer of circular muscle fibers, and an inner layer of fibers

running lengthwise. The inner layer is much thicker than
the outer.

The Bristles.— The bristles, or j^/^, are short, stiff, chi-

tinous spines, in four rows along the ventral surface and
lower part of the sides. They are outgrowths of the skin,

and are lodged in infoldings, or pocke*^" of the cuticle, which
are called setigerous glands. As the h istles are worn out

and become useless, they are replaced by others ; and in

the same sac may be found bristles in various stages of

development. Each row of bristles is double; and each

segment, except the first and last, has four pairs of them.

Special muscles are attached to the base of the sac hold-

ing the bristles, so that the bristles can be turned and held

in various directions. The bristles can also be protruded

and withdrawn.

How the Earthworm Crawls.—When the worm wif' " to

crawl forward, the spines are turned backward. T^ ne

longitudinal muscles shorten, and the posterior end oi the

body is pulled forward, the whole body becoming shorter

and thicker. Next the circular muscular fibers are short-

ened ; this narrows and elongates the body ; but as the

spines prevent any part from being pushed backward, the

result is a forward movement. By a repetition of these

acts the worm effects its slow locomotion. If it wishes to
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travel with the pos-

terior end fore-

most, as it does

occasionally, it has

but to point the

spines forward,

and the same action

of the muscles will

propel it posterior

end foremost. If

the worm were
lying on a perfectly

smooth surface, on

which there was
no friction what-

ever, the shorten-

ing and lengthen-

ing of the body
would avail noth-

ing in the way
of locomotion ; it

would be simply

motion. The loco-

motion of the earth-

worm, however, is

not essentially

different from that

of other animals,

— they must all

have some point of

support or resist-

ance by means of

which they pro-
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gress. Most animals move forward by pushing backward
on some more or less solid support; the earthworm pulls,
rather than pushes, itself along.

What the Earthworm Eats.— Besides eating the soil, the
earthworm eats leaves, both fresh and decayed, decaying

Cuticle,

Epidermis.

Circular muscle fibers.

Longitudinal

muscle fibers.

V f

Bristles.

Fig. 6a Cross Section of Earthworm.

wood, etc. The worms drag leaves into their holes, where
they are moistened by a secretion that prepares them for
digestion. Earthworms eat bits of meat that are left in
their way, and would seem to be almost omnivorous.
The Digestive System of the Earthworm. — The mouth is

a small crescent-shaped opening on the ventral surface of
the first segment. Overhanging the mouth is a small pro-
boscis. There are no teeth, nor anything corresponding to

J,/^



Annulata.
93

them. The first part of the digestive tube is the pharynx
very muscular and thick-walled. Its own muscular fibers
enable it to close with considerable force. Attached to the
outside of the pharynx are muscles radiating in all direc-
tions to the outside of the body wall, by means of which the
pharynx can be retracted and dilated. The pharynx not
only serves in swallowing, but is the worm's only organ of
prehension. By means of the sucking and holding power
of the pharynx the earthworm is able to drag relatively
heavy leaves into the burrow. It is by the strength and
various movements of the pharynx that the worm performs
the work of burrowing. The pharynx extends back about
SIX segments. Back of the pharynx is the gullet, a slender
tube running to about the thirteenth or fourteenth segment
Along the sides of the gullet are the esophageal glands
whose Umy secretion is supposed to aid in digestion. At
about segment fifteen the gullet dilates into the large, thin-
walled crop. Separated from the crop by a slight constric-
tion IS the gizzard, which extends about two segments
The walls of the gizzard are very thick and muscular, and
It has a tough chitinous lining. In it, by the aid of sand,
the worm grinds food, as the hen does by means of bits of
gravel, thus making up for the absence of teeth. Beyond
the gizzard, the intestine extends to the anus, which is a
vertical slit at the posterior end. The intestine is about
the same diameter throughout, except that it is constricted
at each partition, and bulges out in each segment

If a cross section of the intestine be made, it will be
found that the hollow is not circular, as would naturally be
expected from the external form, but is crescent-shaped,
with the concave side of the crescent uppermost. . This is
due to a prominent ridge that projects downward from the
upper inner surface of the intestine. This ridge is called

''•-f^ '^mmia»...Th. >• ->y-^'v."t".
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the typhtosole. It is richly supplied with blood tubes and
serves to increase the surface for the absorption of food.

As the food passes along the digestive tube it has added
to it liquids secreted by the intestinal walls, and these

juices have the power to digest starchy, fatty, and proteid

foods. As the food is digested it is absorbed through the

intestinal walls, either into the liquid of the body cavity,

or into the blood tubes that branch through the walls of the

intestine, or into both of these.

The Blood.— The blood of the earthworm is red, and the

red color is due to a substance called hemoglobin, as in

human blood. But the color is in the liquid itself, and not

in the corpuscles as in our blood. Small colorless corpus-

cles are present in the blood. The liquid found in the

body cavity has also corpuscles, and this liquid is compara-
ble to the lymph of higher animals. It is colorless or

sometimes milky in appearance. There is a minute pore

opening in the dorsal part of most of the segments.

Circulation of the Blood.— In watching the live earth-

worm one sees a dark red streak through the dorsal wall

;

this is the dorsal blood tube. It usually shows plainly a
wavelike motion running from the postrrior end to the

anterior end. The action is due to the successive short-

ening of the circular muscle fibers in the wall of the

blood tube, from behind forward. This sort of action is

familiar to many under the name of peristaltic action,

such as takes place in the intestines of most animals. By
this action the blood is continually driven forward in this

blood tube. A similar blood tube is to be found under

the intestine, the ventral blood tube. In it, by the same
means, the blood is sent backward. These are the princi-

pal longitudinal blood tubes, but there are three small

tubes close to the nerve cord. In the region of the gullet



Annulata.
95

are several, usually five, branches that connect the dorsal
and ventral blood tubes ; they arch around the gullet on
each side, hence are designated the "aortic arches"; in
some forms they have a series of enlargements, presenting
a necklace-like appearance. These enlargements contract
and dilate rhythmically, hence they are sometimes called
" hearts," but they probably have no greater share in the
work of propelling the blood than the other blood tubes.
Connected with these main blood tubes are branches by
which blood is supplied to the body walls, to the walls of
the digestive tube, to the partitions between the segments,
to the kidneys, and all the organs of the body.
One earthworm common in the central states has two

dorsal blood tubes (hence the name, Diplocardia). This is
a large worm whose girdle extends from the 13th to the
1 8th segment. It has two gizzards.

How the Earthworm Breathes.—The earthworm breathes
by means of the skin, there being no special organs
of respiration. The body wall is richly supplied with a
fine network of blood tubes. These are separated from
the external air by a thin membrane only. This thin
and delicate covering is always moist, and through it an
interchange is continually taking place between the blood
within and the air without ; oxygen is being absorbed into
the blood, while carbon dioxid and other waste matters
are passing in the opposite direction. The worm cannot
live long in a warm, dry air, for, when the skin cannot be
kept moist, respiration is stopped and the worm is suffo-
cated. They can endure immersion in water for some
time, but it seems injurious to them. They often are
found crawling about in large numbers after a heavy rain.

The Excretory System of the Earthworm.— Part of the
waste matter, the carbon dioxid, is thrown off by the skin,
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as we have just noted. There is also in each segment
(except a few at the tn^o ends of the body) a pair of simple
kidneys. Each kidney is a tube opening freely into the
body cavity at its inner end, while the other end opens to
the outside through a small aperture in the body wall below
(or sometimes above) the upper row of bristles. This long
tubular kidney is thrown into loops, and there is consider-
able variation in its diameter at different points. Each
tube begins as an open funnel which is lined with cilia.
The oddest fact about these tubes is that each kidney begins
in one segment and ends in another; the funnel is in the
back part of the segment and the tube from it soon passes
through the partition behind it. the bulk of the tube lying
in the segment posterior to the one in which it began.
These tubes absorb waste matter from the liquid of the
body cavity, and convey it to the outside.

The Nervous System of the Earthworm.— This is a chain
of nerve centers or ganglions along the ventral part of the
body cavity, lying under the intestine. In each segment is
a ganglion, and these are connected by a nerve cord run-
ning lengthwise. Though apparently single, the nerve cord
and chain are really double, the two ganglions and cords
being so closely appUed and fused that they appear as one.
The shortness of the segments brings the successive gan-
glions so near together that they are not very distinct. In
the anterior region the double nature of the cord is appar-
ent. Under the anterior part of the pharynx the two strands
of the cord separate, one passing up on each side of the
pharynx to a large ganglion, the two ganglions lying closely
side by side, forming the " brain." Thus a ring is formed
around the pharynx, which is called the " nerve ring " or
"esophageal collar." From all the ganglions nerves pro-
ceed to the surrounding organs.

i3Jl.
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The Seniet of the Earthworm.- The sense of touch is
undoubtedly most fully developed, and on this sense the
worm largely depends for its knowledge of the outer
world.

The sense of taste exists, and probably smell also, for
the earthworm exercises choice of various foods offered it
as shown m many experiments made by Darwin.
The earthworm can distinguish between light and dark-

ness, as evidenced by the fact that it retires to its burrow
at the approach of day. When a strong light is flashed
upon the anterior end of the earthworm, it retreats The
posterior end is also sensitive to light. But there is no
reason for supposing that the worm sees objects with any
distmctness, as do animals with well-developed eyes. There
is no evidence of a sense of hearing.

Development of the Earthworm. -. The ovaries are small
and close to the ventral surface, usually in the thirteenth
segment. The oviducts open on the fourteenth segment.
The eggs are inclosed in capsules of albuminous material
formed by the girdle, or clitellum. In May and June the
capsules containing the eggs of one species are depositedm the earth under logs and stones, or especially in. or
under, manure heaps. The little worms are about an inch
long when hatched.

Enemies of the ^rthworm.-The principal enemies of the earth-

r.r,-T .r'l?^
^'''" "'^ ^^^^P^ '''' '^"^^ th« -o""s usually

ret re mto their holes at the approach of day, often plugging the mouthof the hole wuh pebbles. If they are too slow in hiding, of neglect o

early bird gets the late worm.

Distributioii of Earthworms. -Earthworms are very widely dis-
tributed, being found nearly all over the world, even in isolated islands

mo tirr"" I r ^'^ '"^"^ 'P'"'"' ^"* *^^y ^'^ «" "^"c^ alike inmost features which are essential for our present knOwled-e
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Iftct Of l«rtbworiiii on the 8oU.- Darwin says that in all regions
where there is found a smooth expanse of vegetable mold, which is
the subsunce of aU black soils, this mold has passed and will pass
again, every few years, through the bodies of earthworms. Before the
observations and experiments of Darwin the world hardly dreamed
what an important part earthworms have played in making the soil what
it is, but some previous observers had an inkling of it. The quality
of the sou is altered by the digestive process. It is worked over, and
the deeper layers are brought to and deposited upon the surface. This
inversion of the soil is essentially the same as that of plowing, so, as
Thomson says, earthworms were plowers before the plow. The holes
also aid circulation of air and water in the soil. To get a clear idea of
the effects of these worms on the soil, the student should read Darwin's
yegetablt Mould and Earthworms.

Ifofflber of Earthwomu and Extent of tbeir Work. -Darwin esti-
mated that in the tillable soil of England there were, on the average, over
fifty thousand earthworms \o the acre ; that they bring up eighteen tons
of soil to the acre; that they cover the surface at the rate of an inch in
five years

;
and that thus in long ages they have buried large rocks and

ancient buildings. And his conclusion is that "it may be doubted
whether there are man/ other animals which have played so important
a part in the history of the world as have these lowly organized ani-
mals. In the United States earthworms are not so numero.is.

Harm done by Earthwomu. - Earthworms do some harm by eating
tender seedlings and delicate roots, but this is trifling in amount aa
compared with the very great aid fey render to agriculture.

Repetition of Parte. — If a person had grown up without having seen
an earthworm, at first sight of one he would probably be impressed with
Its sameness of structure, neariy all the ring< or segments having the
same general appearance. Dissection shows that the internal structure
IS not so very different, the anterior portion having somewhat of a
variety m the development of the parts of the digestive, circulatory, and
reproductive organs. Back of the middle of the body there is no seg-
ment which adds anything new in function to the body, each segment
being simply a repetition of what precedes. As a rule, multiplicity of
parts, without corresponding variety of structure and function, marks an
animal as low in rank.

Recoyery after MntUation. - When an earthworm is cut in two in the
middle, the anterior end probably lives in most cases, as it has all the
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kinds of parts or organs that the earthworm possesses; it has simply
lost a part of the mtcstme, nerve cord, blo*)d tuUs. elc, but not ail of
any one set of organs.

Color of the Earthworm. - The color of the earthworm is largely due
to the color of the blood and to the matter contained within the diges-
t.ve tube. But besides this, the dorsal surface is darker than the ven-
tral, as is the case with most animals.

The Sandworm. — One of the commonest of the sea
worms (Nereis) is known as the sandworm or clam worm.
It is cyUndric, bluish green, and from six inches to a foot

Fig. 6i. a Marine Worm.
A, appearance at breeding seaion, and B, at other time*.

From Jordan and Heath'i Animal Forms.

long. It is abundant along the Atlantic coast, and is an
excellent type to study, especially when the earthworm
cannot be readily obtained. One can usually find them at
low tide along the sandy or muddy beaches. They make
burrows in the sand, but they are to be found at night,
swimming freely, especially during the breeding season.
One of the first points of difference between Nereis and

che earthworm is that Nereis has a distinct head. On the
top of the head are two pairs of eyes. There are also sev-
eral pairs of antennae and a pair of palps. Back of the

1
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head the segments are all alike. On each side of every
segment are muscular projections, called parapodia ; each
parapodium has several lobes, and these lobes are provided
with bundles of bristles, capable of extension and retrac-
tion, and ISO of being turned in different directions, as in
the case of the bristles of the earthworm. B> means of
the parapodia and bristles the sandworm can crawl, and it

also swims by the same means. In the middle region of
the body the parapodia serve as gilL, and the blood flowing
in the thin projections gives them a red color.

The internal structure, in the main, is very much like
that of the e?.rthworm. The pharynx is muscular, and is

everted in seizing food ; but the sandworm has a pair of
strong, hard, horny tqeth, with which it can grasp and kill
other worms and small animals that it eats. It also con-
sumes /egetable food. It is itself a favorite morsel for
many kinds of fish, and hence is much used by fishermen
as bait.

The Leech. -Leeches are usu.-^lly flattened. They have no spines
nor appendages of any sort. There ^re from one to five pairs of eyes
on the anterior segments. The body appears to have many segments,
but dis.ett.on shows that many of these grooves are mere external
wrmkles, there being but one partition for from three to five of the con-
strictions. There is always a sucker at the posterior end, and in some
leeches one at the anterior end also, as in the well-known medical leech
of Europe, formerly much used in bloodletting. The mouth has three
radiating jaws, each bearing many fine teeth on its edge. The jaws are
acted on by muscles which work them back and forth like a semicir-
cular s,iw. The blood thus obtained is sucked into a crop, which
makes up the principal part of the digestive tube. The crop has several
pairs of side pouches in which the blood is stored, and it is said that the
Jeech can take enough at one meal to last a year. The blood does not
coagulate in the crop, and this is said to be due to the action of the
siliva. Digestion is accomplished in the narrow stomach posterior to
tne crop. A short intestine succeeds the stomach. Leeches have three
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CHARACTERISTICS OF ANNULATA.

1. The body is bilaterally symmetrical; there are also

2. The body is segmented (except Gephyrea).
3. There is a distinct body cavity, divided by partitions

into as many compartments as there are segments

cir^ulalw^^^^^^^^^^^
''^^'-'^'^ ^^^^- ^- the

5. A nervous system is present, consisting of cerebral
ganglions, esophageal collar, and ventral nerve cord

6. There are tubular kidneys in each segment.

Classes of Annulata.

Annulata.

Class I. Chaetopoda (bristle- /
footed).

(
Class 2. Gephyrea.
Class 3. Archi-annelida.

I Class 4, Hirudin. ^— the leeches.

1. Oligochaeta (few bristles- earth-
worm).

2. PolychKta (many bristles— Nereis)



CHAPTER VII.

BRANCH MOLLUSCA.

The branch Mollusca includes clams, oysters, scallops,
snails, slugs, squids, and cuttlefishes. The large majority
of mollusks have shells. The shells have always been
objects of great interest on account of their beauty of
color, delicacy of texture, and variety of form. Their
durability and the ease with which a collection may be
made and kept have further contributed to making the
mollusks a favorite subject of study. '

Mb

CLASS PELECYPODA.

Example.— The Fresh-water Clam..

Where Clams Live.— Clams live in creeks and ponds,
lakes and rivers. They are usually less abundant in the
smaller streams, as these may become dry in midsummer.
The natural position of the clam is shown in Fig. 64.

External Features of the Clam. —The clam shell is com-
posed of two equal valves, fastened together at the dorsal

margin by a tough, elastic membrane, the hinge ligament.

Somewhat nearer the anterior than the posterior end
is a raised point close to the dorsal margin; this is the

umbo
; it is frequently more or less worn or broken i way,

which is not surprising, as it is the oldest part of the shell

and is subject to friction as the clam plows along through
the sand. Around this are the concentric lines of growth,
running parallel to the ventral margin. Different specict,

102
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of clams are distinguished by the size and shape of the
shell, the relative proportions of the parts, the color mark-
ings smoothness or roughness of the shell, the thickness
of the shell, and by the hinge teeth on the interior.

Umbo
Donal margin

Hinse ligament

ijnc of growth

Ventral margin

FIG. 62. EXTERNAL FEATURES OF A CLAM SHELL.
Outside of left valve.

The Inside of the Clam Shell. -After the soft parts areremoved the following internal markings are usualfy plainty

es nflh^w,!
"" *' "'""' °* attachment of the mus.

cles, of which the most notable are the anterior and poste-nor adductor muscle scars. Just below and posterior to the
anterior adductor scar is the scar of the protractor of the
foot. Above the anterior adductor scar is the scar ofhe anterior retractor of the foot. Just above and anterior
to the posterior adductor scar is the scar of the poste-

of muscles m the dorsal regions.
. In removing the body of
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the clam, it will be found that the mantle has several mus-
cular attachments. Running parallel to and not far from
the ventral margin is the mantle line, the line of attachment
of the inner edge of the muscular portion of the mantle.

Cardinal

Anterior *'"?«

Lateral hinge teeth

adductor
muscle

\

teeth

Posterior
adductor
muscle

/

Mantle line

Fig. 63. Inside of Right Valve of Clam Shell.

The Hinge Teeth.— In most species of fresh-water clams
there are interlocking projections near the dorsal margin
of the valves. Near the anterior adductor are strong,

toothlike projections, the anterior, or cardinal, hinge teeth.

Parallel to the dorsal margin, near the hinge ligament, are
long ridges, the lateral or hinge teeth ; there are usually
two of these on one valve and one on the other, which fit

together when the shell is closed. These teeth aid in

keeping the shell shut.

The Naturid Position of the Clam. —The ventral margin
is imbedded in the mud or sand, the anterior end usually
considerably deeper than the posterior. This position
brings the siphon openings above the mud; but at

i tr
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times the whole sheU is buried in the soil; this seems
to be the case more often in the winter, when the clam
IS te active, or after freshets which cover the clams with

hltl^^ ** .^'°'*-~ ^y ^^^"^^"^ *^^ ^^^"^ '^ its natural
habitat the position, as above described, may be observed.
It may be seen that the shell is slightly agape ; that a soft

tT.r^r.T
^'°''"'^.^' ^'^"^ '^" °P""^^ ^^g^« «f the shell;

that at the posterior end are two elliptical openings. Itmay be proved that a current of water is entering one ofthese opemngs and issuing from the other. If the borders

Excurrent
Siphon

Incurrent
Siphon

Fig. 64. Clam in Natural Position.

With foot and siphons extended.

of these openings are touched, the soft membrane forming
the margins of the openings is withdrawn into the shell
and the shell is tightly closed. If a clam, previously unl
ui'^furbed, ue quickly pulled out of the mud, a soft, fleshy
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projection, the foot, Is found extending from the anterior
ventral margin

; but this will be at once, though not rapidly,
retracted, and the shell securely shut.

The Enemies of the Clam. -The question naturally arises,
"Why does the clam need such a strong protective cover-
ing ?

" The working parts of the body are soft, the Latin
word fno//is giving the name to the whole branch— Mol-
lusca. Such a soft-bodied animal would naturally be the
prey of carnivorous animals. And further, since the clam
IS slow in movement and has few and poorly developed
senses by means of which to become aware of the presence
of enemies, it is not surprising that it should be thus
securely protected. Among his most dangerous foes are
the raccoon, otter, mink, and muskrat, and probably other
mammals that frequent the water or prowl along the banks
of our streams. Muskrats open the shell by first gnawing
off the hinge, after which it is comparatively easy to open
the shell. Against its enemies the clam has, apparently
but the one means of defense, namely, to shut the shell as
strongly as possible and to keep it shut till the c«ast is
clear. Man, whether gathering specimens for study, seek-mg pearls, or gathering the shells for buttons, is to be reck-
oned among the clam's enemies.

How the Clam opens and shuts its Shell.— Two large
cyhndrical muscles pass directly across the body of the
clam, connecting the two valves. One of these muscles is
at the anterior end, the anterior adductor muscle, and the
other, the posterior adductor muscle, is at the posterior
end. The ends of these muscles are strongly attached to
the mside of the shell. When they shorten they bring the
two valves together and hold them with great force.
For an inch or so along the dorsal margin the two valves

are held together by the elastic hinge ligament, which is

,»,vm¥ ^M'^ r^'i";-^'^w^ife^''''^^^''^^¥^**^''i^^



Pelecypoda.
,q^

ZtuIUhr'
i'"'"

"""r °' ""= ^''^"- When the mus-

eSv °
fL'!.'°""/^

"-^ ="''^''^'" muscles relax, theelasticity of the hinge hgament opens the shell. It wi 1 beobserved that the shell is shut by muscular effort," IlreasIt IS opened by the mechanical action of a spring whichcons.ts of practically dead tissue. It requires'notffm to

Hinge Ligament
External Hinge Ligament

Internal

a
s

3O
<

FK=. 6S. MEC,„„,s„ POK OPHN»0 »KD SHVTT,^^ , CUM SUELU

Of !L*?' '\t'
"'""• ^' "'" ^'"=" '^ P^rti^'lly open most

muscular action and closed by a soring ? Tn
"

u ,
^

mollusks fh^ k;„^ 1-
"J a spnng.-' In some biva ve

she is hut th^ r"'"' '! '"'^™'"' ^» '"at when the

stretched a in he f^Ims %r""'"r''
'""'''"' "'

J^
the Shell IS op::jdty"L e^.^s^e^IsX^:

W^^^^M^FM^MWM



io8 Descriptive Zoology.

^

Why the Clam opens and shnts its Shell.— It is only by
opening the shell that the clam is able to place itself in
communication with the outside world. The opening allows
the foot and siphons to be protruded. When disturbed the
clam withdraws the foot and the siphons, and completely
closes the shell, and usually remains in this condition until
the disturbance ceases. The muscles are of the slow-acting
non-striped kind, and can remain shortened a long time

'

but they evidently get tired, and after a while they relax'
and the shell gapes open.

'

The Location of the Siphons. - Since the clam pulls itself
forward by the foot, which it imbeds in the mud. the foot
naturally extends forward and downward. As a good share
of the ventral part of the shell is below the level of the sand
or mud, the only available place to take in clear, fresh water
IS at the upper and posterior border. And here we find
the siphons.

How the Clam Progresses.- The foot is slowly extended
forward and downward into the mud. When it has become
well imbedded in the mud. if the clam wishes to move for-
ward, it shortens the muscles of the foot and body, and thus
pulls forward the body, shell and all. Thtn another inter-
val must elapse nntil the foot is again anchored before an-
other move can be made. In this way the clam slowly
plows its way along, leaving a distinct furrow by which
It may be traced in clear water. The protruding of the foot
is a slow process, while the act of pulling forward is of com-
paratively short duration. It is stated that the extension of
the foot is mainly due to an inflow of blood which is kept
from returning by a tightening of the sphincter muscles
around the veins. At any rate, the foot is often found
dilated toward the extremity, which plainly increases its
efficiency as an anchor.
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Erteat of the Clam', locmotloii.- The clam does nottravel far. Since it brings its food in by the currenU ofwater which it creates, it does not have to mov aruffo
food. When the water gets low, as in most creeks in thesummer time, the clam apparently seeks the deeper water

ItTfT T"""^ "*'"• """'^ ^""^ 'he clam become

"n to go ?••
'' "' ""^ ""^^ " """" '" ""at direc-

chS mn:^',^- "" "" """ ^"""""-- "^""^ "- «-
1. Anterior adductor. ) c^ it- ^
2. Posterior adductor 5

^'°^« '^^ shell. ^^® ^'^s. 63

downwir'"-'"'" ''' "-' ^"^ ""''^ f™ -0

backwlrf
'" ''*^^='--P""» foot and body upward and

backw'Trd'™''
^*'"^'"-P""» foot and body upward and

When the foot is imbedded in the sand or mud theshortemng of the retractors, whose fibers spread""'; the

theUf ''""• """ '"' "'"'" '""'"'' '-'»^ of ret,^c4

SttBcture of the Clam Shell._ If a shell is roasted thor

fact to be noted is that the shell consists of layers- thene«, that these layers are in two sets, the dividTng ^JLbetween which starts from the mantle line »nT iT
toward the umbo. The shell is an oujr Ith o theaterayer, or epidermis, of the mantle. But the layers of theshell made by the part of the mantle outside o.Ihe mantle

that part of the mantle which is dorsal to th- mantle linJThe mantle line is really a ro, of small mulcfe
"

Lr^
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the muscular border of the mantle is attached to the shell.
The edge of the mantle, it was observed, is attached to the
edge of the shell. The outermost layer of the shell, the

Fig. 66. Structure of Clam Shell.

Cross section.

Umbo

periostracum, is formed by the edge of the mantle, and is
horny in composition. Inside this is the prismatic layer,
and innermost is the laminated pearly layer.

Growth of the Clam Shell.— The successive concentric
Imes of growth seen on the outside of the shell mark the
growth, each line of growth having once been the ventral
edge of the shell. The layers are formed by the mantle,
and each new layer is a little wider and longer than the one
preceding, and outside of it. The muscles grow and gradu-
ally move outward, hence the muscle scar continually widens,
forming a triangle. But as the muscles move on, the scar
of former years is covered by the new layers formed by the
mantle.

Uses of the Clam Shell.— The fresh-water clams are little
used as food, but their shells are used largely in making
buttons. This is an industry of considerable extent along
the Mississippi River and some of its tributaries.

Respiration in the Clam.— The current of water which
we saw entering and leaving the clam brings oxygen a. -ell

m''t'%M:tx
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accomplished here
'"P'rat.on is undoubtedly

The Structure of the Glllfl T7o^u hi.

0. a .in. sin,e.,a,e.re„-hr^-t^^^:^^-^
Artery

Anterior adduc<

tor inuscie \

Auricle Ventricle

Poiterior adductor

muKl«

Fig. 67. Body of Clam.
Left valve removed.

.^double walled, and a cross section is like a letter V.

,T;^ \ J- -1
^''"^' ''^"°''- V-shaped pocket or trough

Theto "t J"'" r"J ^-P-""-'^ "y cross partitions!

sectio7a^W th
"'' "' ""'"'^ '" '' *° '""" '" -"-

oufer ^ni K
•• "'';:" ""S^''" °f ">« °"'«' "all of theouter g,ll be,ng attached to the mantle, th. upper edge of

; 1 /*&i ^&\y^'i t7'%'m.ASJ.
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i t the inner wall of the outer gill joining the upper edge of the
outer wall of the inner gill, while the upper edge of the inner
wall of the inner gill is sometimes attached to the body or
•ometimes free. Lack of the body the upper edges of the
inner gills of the two sides unite with each other, thus sepa-
rating the lower, or gill, cavity, into which the water first

Fig. 68. Clam, Side View.
Water currenu to the mouth and through the gilla.

enters, through the lower in.arrent siphon, from the upper
or cloacal, chamber, from which the water passes out The
question presents itself, " How does the water pass from
the one cavity into the other.?

"

The sides of the gills are perforated, so much so that they
are compared to a sieve or trelliswork. The vibrations of
the myriads of cilia with which the gills are covered drive

"fi.-j-r'^."-^^ TtJfW^-
f*^j

mr.^ i^im^:m^>
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°' "" «'" '"^ush th«e openingnto the space w.thin the gill. The water then paste upthrough the open top of the gill i„,o the cloacal chambeand back out of the excurrent siphon. The four gin" te

«. many narrow, V-shaped trough, with their sides ull Ifholes. Instead of filling at the top and leaking out at theholes m the s.des, these trough, are filled through the holes
Intettine

\
A Uriel*

'''°"

^iZtT" '"" ''"" -"'»
'"-I?

»••""' -''«». -Ki..
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iun down?h/"'/'"/r
^•'ove.-only the water cannotrun down the s.des of the trough, but must pa., back andout through the upper siphon. (Figs. 68, 69! ...,d 70 )Tbt Food of the Clam, and how Obtained. - The clamves on m,croscop,c plants and animals and on minute par-tides of organic matter. This m.,terial is supplied by thecurrent of water which is continually passing into the lower
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and out of the upper siphon. The current is produced by
the vibration of the cilia which cover the outside of the gilN
and the inner surface of the mantle. The entering current
passes forward around the body and gills. The palps are
Uso cihated; and between the two palps of each side the
mmute particles are caught and passed on into the mouth^

^
^^

Blood tubes

^^^^^C^BJ

^

^^^;^

e
J

« s

i
Blood currents

IIlO

Water holes

/

Fig. 7a Structure of Clam's Gill.

whose upper lip is formed by a continuation of the two
outer palps meeting across the middle line, the two inner
palps similarly forming a lower lip.

The Digestive System of the Clam. — The mouth is just
back of the anterior adductor muscle. A short, wide
gullet extends upward and backward to the large spherical
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stomach. On each side of the stomach is a large
digestive gland, often called the liver, whose'
passes into the stomach. From the stomach the
passes downward and backward, making one or
in the abdomen and foot, then passes upward ba.
stomach, near the dorsal margin ; it then turns pc
parallel to the dorsal margin, passes through tht

"5

greenish,

secretion

intestine

two roils

i'- ot the

•tcriorly,

vsinrir'e

Dige&tiv;
gland

Stomach
/

Anut

Intestine

FIG. 71. Digestive and Excretory Organs of a Clam.

Of the heart, over the posterior adductor muscle, just back
of which It ends, thus discharging the refuse of ^i-^sstionwhere the outgoing current of water will catch It andsweep It out of the body through the dorsal siphon. The
Jgestive tube is hard to trace in a fresh specimen, less

afr ^l,^^\",^-h h-« been boiled or hardened in
alcohol. The ;vhole tube may be injected with a colored
tarch inject.on a.d thus readily followed. In the fallthe mtestme is ohcn found to contain a cylindrical body of
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clear material having the consistency of a gumdrop. This
is the "crystalline rod," and is thought by some* to be a
store of food material. Others regard it as a secretion to
protect the lining of the intestine from injury.

The Circulatory System of the Clam.— From the giils
and mantle of each side the blood passes up into the cor-
responding auricle (Figs. 67 and 69). The auricles are
wide at the base, where they arise from the upper margins
of the gills, but narrow as they approach the ventricle, so
that the lateral view gives a triangular appearance. The
auricles are thin-walled, delicate structures. They open
into the sides of the median ventricle. From the ventricle
arise two arteries, one carrying blood forward above the
intestine, the other extending backward beneath the intes-
tine (Fig. 67). After leaving the arteries, the blood
passes into irregular and ill-defined channels, supplying all
parts except the shell. The blood collects in a caval vein
under the floor of the pericardium, then passes through
the kidneys, and to the gills once more. In the gills and
mantle the blood loses carbon dioxid and gains oxygen.
As it passes through the kidneys it loses nitrogenous waste
matter, and from the digestive tube it absorbs new food
material for the support of the life processes.

The Kidneys. —The kidneys are ill-defined, dark-colored
organs, lying just beneath the floor of the pericardium and
in front of the posterior adductor muscle. Each kidney
consists of a tube doubled on itself, the bend being near
the adductor muscle. One end of the tube communicates
with the bottom of the anterior part of the pericardium,
the other end opens on the side of the abdomen, near the
upper edge of the inner wall of the inner gill, and above
the tip of the corresponding palp. Here the excretion
is poured out, and is carried away by the water current.

'mm-' ,^Mq''^-
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Nervous System of the Clam.— There are thr.

connected by a nerve corrt wM.k ' ^^* *«
1 Th. » J ,

'^'' P''*^*^ o™'' the gullet

deeoW tllTn !; " ^'"^"°"^' 'y'"S -^'"^^'y ^W«= by sidedeeply imbedded m muscle, near the middle of the foot'

Gullet -^

Visceral
Oanglions

Fig. 72. Clam, Nervous SysieEM.

fhi'..^"
** ""''^'' ""'^'=^ "f *« posterior adductor are

the otWs ^^p"! S=^"8''°"^='^« ""•eh easier to find than

?anglK,n of ,ts side by a nerve cord, which runs along inthe dorsal part of the body for a good share of its length

X^Ji^ '-''"-— --" - -pp.yt
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The Sense Organs.— The sense of touch is preeminent.
This sense is best developed in the palps, along the margin
of the mantle, especially that part of it which forms the
borders of the siphons, and in the foot. There is no
sense of sight, but the tentacles around the siphons seem
somewhat sensitive to light. On a nerve near the pedal
ganglion is the so-called "ear sac," of doubtful use. At
the base of the gills is an organ sometimes called the
"smelling patch," which, perhaps, has the office of testing
the quality of the water. The sense of taste is doubtful,
though it is probable that there is some discrimination as
to what should be taken as food. The clam is sensitive
to vibrations communicated either through the soil or the
water.

The Reproductive Organs. — Thc3e are diffuse glands
enveloping the coils of the •'.'testine in the abdomen. The
gl\nds in the two sexes (ovaries and spermaries) are so
similar that it usually requires microscopic examination to

distinguish them. The ducts, both in the male and female,
open on the side of the body near the opening of the duct
from the kidneys. The eggs, when mature, pass out of
jhe duct and lodge in the gills (more often the outer gills)

of the female. They are fertilized by the sperms, which
have been set free in the water and are drawn in by the
same current that brings the food particles. The males
and females may sometimes be distinguished by the greater
convexity of the shell in the female, the valves being more
bulging to accommodate the accumulation of eggs and
young clams in the outer gill.

Development of the Clam. •— The young usually develop
during the fall and winter. When liberated, the young
clams are called Glochidia. They are of different shape
from t' e adult, being ovate, with the hinge at the wider

§|::%^^'^;^i^;-^^ WIWR '*.h^
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end. There is but one adductor r luscle • th*. f« ^ •

FIG. 73. YOUNG CLAM. STILL WiTHIN THE ECG MEMBRANEctormuicle: /.hooW.h«-,fc;.i.:.-.. . . ..
""'mbrane.

*, sense organs.
* ^* °' ''"''«*: '*. bysius;

eaten in fK;. .
^° ^"^^ ^^e more larffelveaien m this country Cina ic ry^^ . "^'&'=v
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^ ^ Whereas, when New Yorkers-n»t,on clams, without any qualifying adjective, thlrhav"
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in mind Venus mercenaria, which, farther north, and away
from the coast, would be designated as the " hard clam,"
"round clam," or "quahog." Both are frequently found

in the markets inland.

The Soft-shell Clam. —This clam
lives in a vertical burrow with the

anterior end down. Instead of

having short siphons like the fresh-

water clam, the posterior margins
of the mantle lobes are extended
and grown together to form a long
double tube, which reaches to the

surface of the sand or mud, the body
being sometimes a foot from the

surface. The two mantle lobes are

united along their entire edges,

except at the two siphon apertures

and an anterior opening, for the

projection of the foot. The ventral

channel is the incurrent and the

smaller dorsal one the excurrent.

As in the clam we have studied,

the incurrent siphon has a fringed

margin and is very sensitive. The
border is also dark colored, so that

it is not readily seen, and if disturbed

it is withdrawn into the hole. At
low tide the tube is generally so re-

tracted. • At this time clams are

hunted and dug up.

As the clam grows, it deepens and
widens its burrow. The foot is small, and the old clam, dug
up and left on the surface, has difficulty in making a nev^

» . N VN • " »^ ^ iN \^ V* \^

Fig. 74. Long Clam, BURIED
IN THE Mud.

The arrows show the currents in
the siphons.

From Kingsley's Zoology.

"
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burrow. The internal structure is essentially the same as inhe fresh-water clam. To accommodate the long s'phontube when .t .s retracted, there is a deep indentation"? hemantle Ime m the posterior region. The shell of Mya cannot be snugly closed, there being a gap both anterSy andposteriorly. Probably this may be accounted for 2 themore protected position and the need of having the siphon

F'G. 75. Hard Clam; Round Clam; Quahog.
With foot, siphons, and edge of mantle extended.

tube extended most of the time. The siphon tube, with itsbiclc t,p, ,s commonly called the "heact" but thi dam sas headless as its fresh-water relative.

The Hard Clam— The hard clam, or quahog is also anmportant sea-coast food, especially where the LttM
.s ,ot obtainable. It is oval with ^a Thick shell tK

and the two tubes are partly separated. The foot is wefldeveloped, and the clam crawls more or less Uke the frest

f II
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water clam. These clams may be picked up at low tide,
but are ordinarily taken by means of long rakes or tongs.
The smaller or medium-sized ones are preferred. The
border of the inner surface of the shell is usually purplish,
and this part was made into the beads which constituted
the more valuable purple wampum of the Indians of New
England.

The Oyster.— One essential difference between the
oyster and the clam is that the oyster is stationary,
bemg firmly attached by one valve to some solid object'
a rock, or another oyster so attached. The oyster lies on
the left side, and the lower valve is much more concave
than the upper, which is nearly flat, serving as a lid. As
the oyster does not travel, it needs no foot and has none,
hence is less tough than the clam. The hinge is at the
pointed end of the shell, and the two mantle lobes are free
from each other, except near the hinge. There are no
siphons, the water entering all along the more curved bor-
der of the shell and passing out on the straighter side near
the larger end of the shell. The water is propelled by cilia
and passes through the gills as in the clam. There is but
one adductor muscle.

Development of the Oyster.— The eggs and young are
not carried nor protected as in the clam, but the eggs are
fertilized after being set free in the water. The egg
becomes many-celled by the growth and repeated division
of the one cell which constituted the egg. This becomes
ciliated and swims by means of these cilia. After a few
days of this free swimming life, during which time the
shell and other organs are gradually developing, the little

oyster attaches itself by its left valve to some submerged
object, to which it becomes firmly cemented by the deposit
of limy material which makes the hard part of the shell.

*,§: ;;^ .:!!'' -• ^iU4 '^C'
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Compari„n of Clam and Oyater.- It will be noticed thatthe hmge m the oyster is at one end of the shell. Thtsend corresponds to the anterior end of the clam. The

Znlu T",
""=" "" ' '^''^'"'y- The shells are rougherthan those of clam.s. The green spot in the oyster is thedigestive gland (often improperly called the liver), andnot the digestive tube or its contents, as commonly sup

posed_ Oysters and other salt-water moIlu.!;s a>e often
left above water at low tide.

thfah"'!*''"'
"' °y"«"— Oy«ers are abundant along

«^e Atlantic coast, south of Cape Cod, and in the Gulf ofMexico. In former times they occurred north of CapeCod but are now rare. Other species are found on the
Pacific coasts and on the coasts of Europe, at the Cape ofGood Hope m Japan, and Au.stralia. Chesapeake Bay isthe center o the oyster industry, and the British market
s now largely supplied from our beds, as we have not only

world"
''*"' ""PP'^' *"" °"" »•« the best in the

The Oyster Season. -The common saying that oysters
are good only in months containing the letter " r," is partlywrong and partly right. Oysters are good to eat at anytime of the year when freshly taken from the water. But
during then breeding season- June to August- they do
not bear handling so well, and are more likely to spoil.
It IS more profitable, too, to leave them undisturbed at this
time that they may increase enough to maintain their
numbers.

The Shipwonn.-As the name implies, this niollusk is wormlike.

a!ZT"^ ^'Tr ^'" "''" ^°"-^ ^"^ '^^'f- '--^^ ^hick. It bearsa small bivalve shell at its larger end. It burrows in wood, doin^ jrreatoamage to ship timbers, buoys, wharves, etc. The first stagesofCopment are hke those of many other bivalves. If the larva cannot find



WP

124

'- i

if
I t:

If

Descriptive Zoology.

wood, It soon dies. The hole by which the larva enters the wood is

hardly larger than a pin head, but as the animal grows it excavates a
constantly widening tube, thus imprison.ng itself for life. Just how it

burrows is not certainly known. It does not feed upon the wood, the
fine sawdust being carried off through the excurrent siphon. Its food
consists of microscopic plants and animals, which are brought in by

Fig. 76. Razor Shell Clam.

currents, as in the clam, and its only communication with the outer
world is through the small hole by which it first entered the wood.
Shipworms work rapidly, often completely honeycombing the wood.
But no matter how many of them there are in the wood, their tubes
nevermterfere with one an6ther, but there is always left a thin partition
between. They avoid iron rust, so timbers are protected by driving
them thickly with broad-headed nails. The copper sheath-ng of hulls
of ships is the best protection. Shipworms caused the famous dam
break in Holland at the beginning of the last century.

The Razor Shell Clam. — The razor shell clam has a shell somewhat
resembling in shape and size the handle of a razor. The foot projects

at the anterior end, the siphons

at the posterior end. These
clams make vertical holes in

the sand and can dig rapidly.

At low tide the posterior end
may be seen projecting from

the sand, but unless the col-

lector approaches quietly and
seizes the clam quickly, it is

almost sure to escape. They
seem to be very sensitive to

vibrations, and probably be-
come aware of approach through these rather than through hearing or
sight, although they are somewhat sensitive to light.

The Salt-water Mussel.— One of the most common marine bivalves
is the mussel. The shell is usually dark or purplish, and rather thin

Fuj. 77. Mussel.
With threads by which It is attached.

.x-t V.,"A' ^» i&^''W^m^^&ij&.-
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and weak The mussel Is found attached to rocks by means of a num.ber of ye low.sh threads, the byssus, which grow from the bLe of the

mos T' T
"'''"' ''' ^"""^ ^''^^'y ^•«»"^^"»'^d along the coa^ s in

daf%^.K°'
^^"- ~ ^""^^^^'y '^"^ ^""'S'"' '^'^^'^'^ ''no^n is a marinedam of the genus Tridacna, found in Eastern seas. The sofTTXomeumes we.ghs twenty pounds, and the two valves of the shItogether may weigh five hundred pounds.

nearly arcular. The two valves are not equal, one being less convex

Fio. 78. Scallop.

The crusaders' badge.

ln"lh?l°.?""' 'T ••'"'' P"^'"''^ ^"*- ^'^"^ ^* ^^^^ the scallop lieson the bottom with ,ts valves widely gaped open. The scallop has arow of eyes along the margin of each mantle lobe. When an enemy
pproaches, the shell is quickly and powerfully shut by the one strongadductor muscle. This forcibly ejects the water, and by reaction thfcallop ,s dnven through the water, hinge foremost. The foot is rudi^mentary or lackmg. The scallop is used for food ; the adductor mu^d

,

^ .
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however, is the only part eaten. It has a sweetish tnste. The scallop

shell was worn as a badge by the crusaders, as evidence of having
visited the Holy Land.

Pearls. — These are formed of nacre, the material which constitutes

the inner layer of the shell. They begin as dc|xxsit» around grains of
sand or other foreign objects that have gained entrance within the shell.

They are usually found between the mantle and the shell, but may be
in almost any of the soft parts. It is said that the Chinese introduce
little images into the cavity of the pearl oyster, leaving them to become
coated over with nacre. The most valuable pearls are usually obtained
from the pearl oyster, but they are often found in certain species of
fresh-water clams. The most celebrated pearl fisheries are in the
Persian Gulf.

Characteristics of the Bivalve Mollusks.— The clam and
most of the other bivalve mollusks have the following

characteristics, and ^ave received various names, accord-
ing as any given writer places special emphasis on one
characteristic or another :

—
1. There is no head; hence some designate the group

Acephala.

2. There are large, leaflike gills, from which comes the
name Lamellibranchiata.

3. There is usuall" muscular, tongue-shaped or hatchet-

shaped foot, giving ix. o to the term Pelecypoda.

4. The mantle consists of two lobes, each lobe lining

a valve; hence tl.ey are called Bivalve Mollusks.
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CHAPTliR VIII.

BRANCH MOLLOSCA.

CLASS GASTROPODA.

The gastropods include the snails and slugs. They are
of many kinds, terrestrial and aquatic, in fresh water and in
salt water, shelled and shell-less, symmetrical and unsym-
metrical, herbivorous and carnivorous,

• The Shell.— The shells of gastropods are usually of one
piece, therefore they are often called univalves in distinc-
tion from the bivalves.

1 his one-pieced shell is r;.. ; >Pv ..

almost always in the f^^^
su.ure.

form of a cone. Some- *''°''

times the cone is nearly

straight, as in the tooth-

shells
; again it is in the

form of a very low, wide whoJj

cone, as in the limpets

;

V\\ \ \ I ^^^ W- Lip

but in the great majority

the cone is twisted into a

spiral, making a thick, growth^" ^( „...;^. Aperture

short cone out of a long
and slender one. Some-
times this primary cone

^'''- '' ''""'" °" ^ ^^'"' ^"^^^•

is wound upon itself to form a plane spiral like a watch
spring, as in Planorbis. But ordinarily the spiral is an
ascending spiral, which may be illustrated by holding the
outer end of a watch spring and pushing the 'inner end out
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at right angles to the plane of the flat spiral. By pushing
out the center, first to the right and then to the left, we may
illustrate both the right-handed and the left-handed shells.
A very good substitute may be made by winding a narrow
strip of paper around a lead pencil at one end. This,
unwound, forms a flat spiral, representing the discoid shell.

By pushing the center, first to one side and then the other,
illustrate the right- and left-hand shells. Lay snail shells
alongside a common wood screw ; those having the whorls
run the same way as the threads of the screw are right-

=?=?«

Left-hand shell Flat spiral or Right-hand shell
discoid shell

Fig. 80. Comparison of Kinds of Snail Shells.

hand shells
; those with the whorls twisting in the opposite

direction are left-hand shells.

The structure and composition of the shell are essentially
the same as in clams, the lines of growth usually showing
plainly parallel to the border of the lip.

The Operculum. — Nearly all sea snails, and many fresh-
water snails, have a trap door attached to the hinder part
of the foot, with which they close the aperture of the shell
when the body is drawn in. This covering is the opercu-

wsm^mi'^mm§m4
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lum and grows by concentric rings to leeo nace wifh th-
continually widening aperture.

'^ ^ "" "'*

r^^/ntrrprth'^r"/ ""J"
'"'''" '"^^ ^"^

cartilage, b;i:s.i:rLH"rdt;^^^^^^^^^^^

«ow,h hr r'^ '" '™"'' " '^ P-'^hed forward by a newgrowth behmd. In addition to the Ungual ribbon, many

Fig. 8i.
Fig. 8a.

Three Species of Pond Snails.
In Figs. 8, and 83 the aperture Is closed by an operculum,

Fig. 83.

mollusks of this group have also one or more jaw platesn the mouth, against which the ribbon works
The Foot.- The foot in the gastropods is broad and flatRestmg upon this wide foot, the animal creeps or glides

ZZ ,
^? °^' " ^^"""-^'"cal, and the anterior end ismore or less distinctly marked off as the head.

The Digestive System. -The mouth opens on the frontor under surface of the head. Watch a snail in an aouam,m to see how the mouth works. From The mouth'ex"tends a short gullet, sometimes dilated into a crop^t .Te

"^r-*-.
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stomach, which in turn is followed by the intestine. The
intestine is usually twisted around so as to end in the

mantle chamber near the edge of the aperture of the shell.

Salivary glands are almost always present, and there is a

large digestive gland around the stomach, as in the clams.

The Circulatory System.— This is on essentially the same
plan as in clams. The blood comes from the gills, or lung,

to the heart, and is thence pumped to the other parts of the

body. There is usually but one auricle in place of two
found in the clam.

The Excretory System.— The gastropods have kidneys

essentially like those of clams, whose ducts open into the

mantle cavity. Owing to the one-sided development, usu-

ally only one kidney is retained.

The Nervous System. — The nervous system is primarily

about the same as that of the clam, consisting of several

pairs of ganglions connected by nerve cords. The twisting

of the body in many of the univalves involves the nervous
system so that the nerve loop becomes twisted into the

shape of a figure 8.

Sense Organs of Gastropods.— The eyes of the snail are

described below. It is doubtful how well a snail can see,

but it can discern light from darkness and can perceive

quick movements.

A sense of touch belongs to the whole surface of the

body, but is more acute in the tentacles. At the base of the

gills are organs called "osphradia," or "smelling patches,"

being perhaps organs for testing the quality of the water.

Land snails can detect odors, and the seat of the sense of

smell seems to be in the tentacles.

Respiration in Gastropods.— The majority of the gastro

pods breathe by means of gills. Between the mantle and

'Mi:.'jmrmii^am^ i? yv.«
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the body, near the aperture
called

many

near

mantle

cases but one gill is developed.

Air-breathing Gastropods. - In land snails, slugs, and
numerous fresh-water snails, the mantle chamber becomes
more shut m. leaving a narrow opening, which is near the
right side m right-hand snails, and on the left in the left-
hand snails. Through this opening, which is kept closed
most of the time, air is taken into the cavity, which acts as a
lung. The blood circulates around the walls of the lune
cavity, and is thus brought close to the air, so that an inter-
change can take place between the two.

The Land Snails.- These are abundant in damp woods,
especially m limestone regions. Their shells are usually
thin. Land snails have two pairs of tentacles, with eyes at
the tips, of the upper or longer pair. The eyes can be
puled in the tip disappearing first, as when in pulling off
a glove the tip of the glove finger sticks to the end pf the
finger. If the tip of one of these tentacles is cut off it will
be reproduced, and it is said that this has been done twenty
times m succession. ^

Land snails usually have no operculums; but at the ap-
proach of winter, or of a period of drouth, they bury them-
selves in the ground, and pull the body in until the foot is
even with the edge of the aperture. A layer of mucus is
secreted which completely closes the aperture. In some
cases hmy material is added, and. in any case, the covering
soon hardens. Sometimes the snail then withdraws still
arther, and makes another such barrier, or even several,
n the spring, or at the return of moisture, the temporary

door IS cast off. and the snail resumes its activity. Snails
have great vitality, and have been known to survive in this
shut-in condition for six years without food.

n
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Most kinds of snails lay their eggs in strings, masses, or

clusters
; but the land snails deposit theirs singly, burying

them or depositing them in moist places.

The French follow the usage of the Romans in eating
the land snails, and they are now imported into the United
States from Europe by Eastern dealers.

In Europe snails do considerable damage in gardens, but
they do not seriously affect us.

Slugs.— Slugs are air-breathing, terrestrial gastropods,
almost always destitute of a shell. They are to be found
in moist woods, especially under the bark or in the decaying
trunks of fallen trees.

On the anterior dprsal surface is a fleshy plate, the mantle,
and near the right edge of this is the breathing pore, lead-

Mantle

Fig. 84. Slug.

Near the lower border of the mantle is the respiratory pore.

ing to the lung. As in the land snail, there are two pairs

of tentacles, with eyes at the ends of the upper (longer)

pair. The body is elongated ; but when the animal is dis-

turbed, it draws up into a short, compact lump.

Slugs are nocturnal, hence are less conspicuous than

snails. They do considerable damage in gardens, raspint^

off the surfaces of the leaves. Their presence is also in-

dicated by the slimy trails which they leave behind. One
of the most effective ways of checking them is to sprinkle

coal ashes over and around the plants they are attacking.

mm.^ '.imsssmnss,'^-
'
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They frequent,, co^e to the su^fa" []^^ ^^^
'

Uke al '"",""' *° '"'' * •""""« of thecontain^eda.r, take a new supply, and again descend to resume the'r

Fig. 85.

T,^ c Fig. 86.Pond Snails Creeping.
ihe large,, part extending from the shell is the foot TK

eating. They are exclusively herbivorous anH in ,„num may be observed cleaning off theTa^^r of gree„X™ost^c^ons.st.„g of alg.. which grows o'n the fmeT oTth^e

Fic. 87. VariXtions m a Common Pond Snail.
After Morse, from Packard's Zt^Ugy.

eyes. Only a few pond snails have operculums.

w
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The '-oro. are laid in clusters, usually enveloped in a gelat-
inous mass

;
and in an aquarium are usually deposited on

the side of the glass in a very favorable place for watching
their development. There are three common genera,—
Limnea, a right-hand shell ; Planorbis, a discoid shell, or
fiat spiral; and Physa, a left-hand spiral (Fig. 80).

The River Snails.— These are not entirely distinct from
the pond snails

; still, they nearly all breathe by means
of gills, and most of them have operculums. Being gill

breathers, they of course do not come to the surface to
breathe, hence are not usually so conspicuous. Some of
them have a projecting tube on each side of the neck,
the water entering through one of the tubes to the gill, and
passing out through the other. The eyes are like those of

the pond snails in being

borne at the bases of the one
pair of tentacles. In some
of the river snails the young
are brought forth alive.

Sea Snails.— These are

found chiefly along the

shore, not often in very deep
water. They are numerous
in kinds and individuals, and

vary greatly in both color

and form. In size they vary

from almost microscopic to

a foot and a half or more
in length. They also vary

greatly in shape, from globu-
lar (Fig. 88) to slender tapering forms resembling screw?.
The shell is usually right-handed, and the majority have
operculums. Nearly all breathe by means of gills.

Fig. 88. A Large Sea Snail
(Natica).

It feeds on clams, etc., boring through

their shells.

b^ •=-rf.*fiP'^^ .i:4TM!«Br--^--*^:. .*! »«'m«ar
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A Drilling Sm SmU. — Nalica (sat ri« m > •

England cout. I, i,, one olthtliZ^^T " '°"""''" °" ">' Ne»
nonhern sh„r«, s„™erese'„7: „!'':,^ '^

'r""
"'""^ '"

Fig. 89. A SEA S.VA.r (Navica) Crawling.
Showing .he very large foot (surrounding the shell)

shells in .heireafli: t;es^:™t;,f"' ""'" """"' ""' ^' »='-
but few are so in .heir ^LTZlllZZZT"! "'""'"'•
usually ending on the nVht ,id, I „ 7 '°'=stine, for example,

exposed. Thrills oftf„l;:tot
'""""""=«"'»-= "-"I, in other.

Tentacles
Gilla

as leaflike appendages on the
posterior part of the dorsal sur-
face; and the whole animal, in
form and color, has such a close
resemblance to the seaweeds, on
which it crawls and feeds, that i

escapes the enemies to which, in
Its defenseless condition, it would
be an easy prey. Some of the

ss^rriirorr;fr Tvitr'^hr "=• -*« °'

»metim« has its edee, covered", the f
"'"" """ ' '^"'' "

.i»»s U completely inclosed by 1 ^c like ;tur'
"""'• "<' '"^^

Fig. 90. Naked MoLLtreic
From Kingsley's Comparaiivt Zodlogy.
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Limpets -Along the shore there are to be found gastro-
pods with low conical shells, clinging close to the surface

II''?,,'' ./I"^^
""^y ^^ '"^P^^ °ff by a q^ick motion

with a dull knife, but if they are first alarmed they draw down
and adhere so firmly to the rock that one is likely to break
the shell in the attempt to dislodge them. The keyhole
limpet IS so named from the shape of the hole at the apex
The Ear-shell or Abalone. -Closely related to the limpets

IS the ear-shell found on the California coast. There is

Fig. 92. Abalone or Ear-shell.
Fumishe* mother.of-i)eari for inlaid work.

Fig. 91. Limpet.
Surface view and side view. Fig. 93. Red Chiton (ki'tfln).

a row of perforations near one margin of the shell, through
which tentacles project. The interior of the shell is pearly
and of beautifully variegated color. It is known as "

aba-
lone, and is much used for inlaid work.

A Multiyalved Mollusk.- Chiton is a very peculiar
marine mollusk. It is low and flat, creeping like the lim-
pets. But the shell consists of a series of eight pieces over-
lapping one another from the anterior to the posterior end.The animal is completely symmetrical, both internally and
externally (Fig. 93).

^
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CHARACTERISTICS OF THE GASTROPODA

tenU'r'
'^ ""^"^ ^ well-developed head, with eyes and

timesTalS"'' '"' ' """^^^ ^'^^^ ^"* ^^^ -
4. Body often unsymmetrical.
5. ^ here is a lingual ribbon.

some*
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CHAPTER IX.

BRANCH MOLLUSCA.

CLASS CEPHALOPODA.

Thl cephalopods include such forms as the squid,
cuttlefish, and chambered nautilus.

The Squid.— The squid is the best example of the group
It is abundant along the Atlantic coast. Squids swim in
schools, and are frequently found following schools of
young herring and mackerel, on which they feed. They

Fig. 94. Common Squid.

From Packard's Zoology.

are chiefly nocturnal, though not infrequently seen in the
daytime. After a storm the writer has seen the beaches
on Cape Ann covered with them in the morning, where
they have been left stranded by the receding tide.

The Form of the Squid.— Seen from above the body ap-
pears cylindrical At the anterior end is a well-developed

138
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monH h" .
'°^"'''' P™^"' ""= appearance of a dla-mond- haped arrow point. Seen from below the bodvTscorneal or fusiform, ending i„ a distinct point behh,d theta

1
fin covermg about one third of the body. The fi„; Ire

oHhe bod'' ''"f"' I'
""^ '""'^ "=»« "' ''«= "inder paof the body, and can be wrapped more or less around thetapenng posterior end. The common kinds of slds e,!dom attam a length of a foot.

J^\ftL7^'°"' "!,'
•'""' "' "'^ ''^'"' P^")-^" five

four pairs of these arms are short, and taper to a pointOne pair are much longer, being nearly as long as the bodyand are en arged near the enrf« n„ »k • ,
^'

the shnrf .r™. J
°" *''^ '""er surfaces ofhe short arms, and on one side of the club-shaped end ofhe long arms, are rows of suckers. These are button

stalks. The outer surface is hollow, and when appMed toany surface the center can be retracted by the muscuhr

Irms."
^ ""' "" '°'""™" ^^'«'» 'he "gfasping

On the sides of the head are the two large eves themost highly developed eyes among the invertefrates
'

The Mantle -There is an opening all around the neckwhere ,t projects from the mantle cavity. The wholeeternal envebpe of the body is the mantle, inside whth

It except along the dorsal line, where the outside of thebody mass ,s attached to the inside of the mantle. Themantle is muscular and very powerful.
The Pen.-The squid has no external shell, and theonly representative of one is a horny structure, Cwhtt

"I

if



I
-I

140 Descriptive Zoology.

r
••

f if

• 4
i !i'

i t-

fit

similar in shape to a feather. This is imbedded in the dor.
sal part of the mantle, extending nearly the whole length of
the back. It is wholly inclosed in a capsule in the thick-
ness of the mantle wall.

The Siphon or Funnel. - Projecting from the mantle
cavity under the head is a funnel whose narrow end opens
forward and whose wide end points back into the mantle
cavity.

How the Squid Swims.- Water is taken into the mantle
cavity through the open space around the neck. Then
the edge of the mantle is contracted and is fastened to the
neck and sides of the base of the funnel by a set of car-
riages that have a sort of "hook and eye" arrangement
Then by the contraction of the mantle the water is forced
out through the siphon, and by reaction the squid is rapidly
driven backward through the water. So swift is its move-
ment that it b^s received the popular name of " arrow fish

"

Squids sometimes dart clear out of the water, and, when
kept m aquariums, thus jump over the sides. Their mo-
tion IS amazing, not only on account of its swiftness, but
because there is no manifest cause of the motion. They
propel themselves by the outgush of water, which is in-
visible, and the change in size from the contraction of the
mantle is so slight as to be unnoticed. To the uninstructed
It is as inexplicable as the motion of a trolley car is to
a savage. V/hen the squid wishes to move slightly it
does so by gently flapping the tail fins.

The Ink Bag.-The squid has an ink bag. which lies
near the rectum, and which opens near the anal openinc.
near the mner end of the funnel. When in flight from ^^a

pursuing fish, a discharge of ink is sent out in the stron^^
gush of water through the siphon. This makes a dark
cloud m the water, under cover of which the chances of
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""p1^""1h^"-'1 rT"^-
'^^'" '"'' " "-e origin.1

„fT Tf ' '"'' ""^ ""= '^'"'""^ »«' J«P»ne»e. Someof th s ,nk from the fossil squid, has been used to make adrawmg of the animal from which the ink wa, taken
The Color of the Squid.- Ordinarily -Se dead squid isof a pa,e color, tinted with purplish. In .he livingTn mlthe color IS very changeable, passing quickly from red toblue or purple, and one part may have one of these colo«while other parts have another color. This change^f coWs due to several different sets of colored cells. caUed -ch *matophores-; these expand and relax under the con'

^

of muscles, which are in turn governed by nerves. The

bl shinr' H
'"
r"'

''^^''"' '"'^"'"^ "' quickness ofblushmg and pallor observed in the human face. Thischange of co or is undoubtedly for the sake of protection

houfd br "/"'=:"'=<''<' '--der why such intense hue

along they are often seen to change their color abruptlyaccordmg to the bottom over which they are passing
^'

Methods of Escape from Enemies.— (i) The sauid mav

ngs.
(2) By speedy flight. (3) I„ fligh, ;,, chances of

thTw^rtS.^^^" "^ ""^ ''-'"'' »' -' -•>'^'' -"»
The Digestiye System.- The brown beak projects fromhe center of the circle of arms in front of the head. U

blmg the beak of a parrot, except that the upper jaw
s much smaller than the lower, into which TsVutr

nan 'T '°
l";

'"' '""^ '^ ^ ""«""' """o"' - '" *e
w: back H the TT • "T"^ ' '°"^' °"™" gullet,

ha, , I
y " ""= ""^cular stomach, which"as a large cecum. The intestine then extends forward

pP
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ending in the mantle cavity near the large inner end of
the funnel. The excrement, as in the clam, is swept out
by the water current. There are salivary glands ; and a
large digestive gland, often called the " liver," pours its

secretion into the cecum.

How the Squid captures Its Prey. — The squid is a
voracious animal and lives largely on small fishes. It
sometimes stealthily approaches a fish by almost imper-
ceptible motions of its fins, until it is within grasping dis-
tance, when it suddenly seizes the fish and quickly kills it

by biting it in the back of the neck. Again it swims
swiftly, and suddenly darts among a school of fishes, and
turns and kills its prey by a quick snap of its powerful
jaws. It also eats crabs and other animals. While it is

pursuing the smaller fishes, it may, in turn, be chased by
larger fishes.

Respiration and Circulation in the Squid.— The squid
has two plumelike gills attached to the under surface of
tne body, extending along the mantle cavity. The circu-
iatory system is more highly developed than in any of
the other mollusks.

The Nervous System. — The nervous system, too, is

highly developed and concentrated, consisting of several
pairs of ganglions in the head, forming a central brain,
from which nerves extend to the other parts of the body.
There is a protecting case of cartilage, a rudimentary era
nium, supporting and partly surrounding the brain.

The Senses of the Squid. — The eyes are highly devel
oped, and evidently have keen sense of sight. A number
of squids may be lying side by side in the water, perfectly
motionless, perhaps relying on their quietness and protec
tive color. A sudden motion on the part of a person ob

^^x-i;^;
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servingthem may cause them to dart off like so many arrowsThere is a rudimentary ear. Some authors say thauhe sZdhas the five senses which are best known inC bodies
'

«nd in si. „s." Th"'„rmr„r,"'"" "'"« "^"'y "»'-
are ci.her kep, fresh for ,hi, "f,

"^'"'J"'/ "^""'f "els. Th.y
Ihey are also used in fishing for bluefish.

^ ^ '" ^'"'"•

FiG. 95- Octopus, from Brazil.
From Packard's Zodlogy.

rise to ,he ,.ori« of CXen^" °' ""' "'^ ""'' «'«"

over.heb:.:';s;ithTb;r„nhL'"7 °/"" "^ ''»""•«

held above The armc./ .

*"''*''^ ""^ ^'""' *'^h the body

There i, nei.hlrtraWeXa ^PTp ^
'/

"^"^ " '"^ ""-•
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Many we:rd tales are told of the octopus, most of which have little or no
foundation. In fact, there is no satisfactory evidence that an octopus
ever intentionally atUcked a human being. In countries adjacent to
the Mediterranean the octopus is largely used as food.

The Nautilus.— The nautilus is closely related to the squids and
cutUefishes, but has the body inclosed in a flat-spiral shell. From
time to time the animal moves forward and partitions off the space in
thesheU which it formeriy occupied, the live animal occupying only the

r r

Fig. 96. Chambered Nautilus.

Showing chambers with soft body in outer chamber.

From Packard's Zodlegy.

outermost space In the shell. It retains its hold on the smallest and
oldest portion of the shell, however, by means of a slender fleshy cord
which

i
Tsses through a series of holes left in the partitions. The inner,

abandoned spaces are filled with gas. From this fact of growth the
animal is commonly called the chambered nautilus, though it is alsD
called the pearly nautUus, from the pearly lining. It lives in the
South Seas.

Fossil Chambered Shells.— While the nautilus is almost the onl.
living form of this peculiar plan of growth, there are many fossil cham-
bered shells. Two of the most noteworthy of these are the Ammon-
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^'n.v!i t*^' K^^'"'
"'"^ '•'""*' *° ^'^^^ "*"*""^' *°d a perfectly straight

conical shell, hence named Orthoceras.
^

The Cuttlefi.h.-In the cuttlefish the lateral fins extend alongthe whole of the length of the side, and the body is less sharp.y

i^^n u ? u^
^ "^ P'"°"' °^ *^^ '*1"'^ °°^ »ees the build of a racing

breadth of beam in an ordinary rowboat. Cuttlefishes feed on crabs.

l!r^'"A .'^\' '"'"'"'' '^'^^ °^ *^^ "'"'^fi«" •« calcareous^
instead of horny as in the squid, and is well known from its use in fur!mshmg hmy material to canary birds. The ink of the cutUefish is the
basis of he pigment sepia. Cuttlefishes live near shore and are used

cutUeTone
^

^'" '^' ^''^ ^°''''^^ ^ ^'" "" ^°' '^^ '^ '"'^^

CHARACTERISTICS OF THE CEPHALOPODA.

1. There is a distinct head with highly developed eyes
2. The foot has developed around the head (hence thename Cephalopoda), and is divided into a number of arms
3. Part of the foot develops into a funnel-like siphon
4. The shell may be external, internal, or lacking.
5- Chromatophores are found in the skin.
6. There is a beak and a lingual ribbon.

CHARACTERISTICS OF THE MOLLUSKS.

There is such a great diversity among the mollusks that
It IS very difficult to make any concise statement of theircommon characteristics. Some have shells, others none-
some are aquatic, others terrestrial ; some live in fresh
water, others in the sea

; some breathe by gills, others by
lungs; some are herbivorous, some carnivorous; some are

lwH°l -f T"^' '^' ""'P''' ''^^"^^ ^'^^' practically is
glued^ Its phce on a rock; the slug is so slow that we
have borrowed his name to make a common adjective,

i«
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while the scallop swims actively; clams and oysters feed
on microscopic forms swept in by currents of water, while
thecephalopods prey upon the most active fishes; there is
strong' contrast between the monotonous existence of the
headless clam, burrowing in the mud, and the free life of
the cuttlefish, with its distinct head and highly developed
eyes; the oyster is fixed to his spot, almost as passive as a
.sponge, while the squid darts so swiftly that it is called
the arrow fish.

Nevertheless the following characteristics belong in
common to the various classes of mollusks:—

1. Aside from the shell the body is soft; hence the
'lame "mollusk," soft.

2. The body is unjegmented, in distinction from the
arthropods, the vertebrates, and many worms.

3. There is an extension of the skin called the " mantle "

which usually produces a shell, univalve, bivalve, or rarely
multivalve.

4. There is usually a ventral muscular extension, the
foot, which, in most forms, serves in locomotion.

5. They are mostly bilaterally symmetrical, but some
are much distorted.

6. The nervous system consists of about three pairs of
ganglions, connected by nerve cords.

CLASSIFICATION OF THE MOLLUSCA.
As all earlier classifications are based on superficial

characteristics, it was to be expected that the first classifi-
cations of mollusks would be by their shells. Hence the
science of Conchology. But now we class the mollusks.
as other groups, by their general plan of structure,
mainly of the soft parts, for these parts make the shell,
and the shell does not mould them.

: -l^-.A. ^'^^t^mtwmL: "l^s^-.m/^



Cephalopoda. H7
They have been classed according to the head into

Acephala (headless, clams). Cephalophora (head-bearing
snails), and Cephalopoda (head-footed, squids).
The classification here adopted is based on the foot and

presents three chief classes :—
1. Pelecypoda (hatchet-footed); example, the clam.
2. Gastropoda (stomach-footed); example, the snail.
3. Cephalopoda (head-footed); example, the squid.

^^m:-'^:'m:mmwm-
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CHAPTER X.

BRANCH CHORDATA.

This branch is mainly composed of the vertebrates, or
backboned animals, that is, fishes, amphibians, reptiles, birds
and mammals. But it is now found necessary to class with
them certain other animals formerly regarded as inverte-
brates. Hence the old branch Vertebrata is made a sub-
branch, and, with two other subbranches, included in the
branch Chordata. The chordate animals are characterized
by the possession of k dorsal chord or notochord. This is
a supporting rod extending along the dorsal region between
the body cavity and the main nervous system or spinal
cord. While the notochord is always present in the young
It IS, with a few exceptions, replaced in the adult by a seg-
mented cartilaginous or bony axis, which is known as the
spmal or vertebral column. In other words, the notochord
IS a sort of forerunner of the backbone.

Subdivisions of Chordata. -The branch Chordata is
divided into three subbranches :—

1. Adelochorda. wormlike, marine forms (Balanoglossus).
2. Urochorda, the tunicates or ascidians.
3- Vertebrata, lancelet to mammals.

Division A.— Acrania, the lancelets.

(a) Cyclostomata, without

rs. . . « i^ws (lampreys).
Division B...Craniata.j(^) Gnathostomata. with

jaws (true fishes to

mammals).
148
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SUBBRANCH UROCHORDA.
As an example of the urochordates we may take the

;~."ort"- --\!-- - so.eti.es Ll:'^.:peaches or "sea pears," indicating the size shaoe anH

rocks or shells or even to a muddy bottom. There are twoholes, one at and the other near, the free end. When the

SttBcture of an Ascidtan.- Inside the outer wall, or tunic

ment near the larger opening, the mouth. The pharvn,.

«cond. or exhalant, aperture. From the lower end of

onTatri^r^ri'T """=" ^" enlargesint^'thestomach. A relatively short intestine empties into th,penbranchial chamber, where the outgoing water ellnt

bWH. .
"""'"' '" '" ^^^O"- After pumping the

is verrfLnU ^ ""'*' "^y- The nervous system

^heZ aXerr;?;!. ;t'^
°' ^ «-«"- "--

str^toe'oT"
"^
*r""""-- '" '"' ^"^'^ »<=^<>""t of the

ZotZ\ r '^" "'"'= '^ "» '^'•^ °f relationship to

dult o„[ ?"• '""' '° '°"g »^ *e structure of the

ffintier'BTth:?",' "1°"' ^^^" ^--O '•' '«= -amnmes. But the study of its development threw light on

::^r.x:'mm^^imm/t'm^si^^^''mm?^-w^
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the subject. It was found that the larval ascidian possesses
a long tail in which is a distinct notochord and an elongated
nerve cord. But early in life the larva attaches itself by
its head, the tail gradually disappears, and the elongated
nerve cord becomes shortened to a mere ganglion. In the

Mouth

Wawrexit

Fig. 97. Diagram of a Tunicate or Ascidian (Sea Squirt).

From Kingsley's Zoology.

sessile adult animal no trace remains of the primitive noto-
chord. This illustrates what is called " retrograde devel-
opment "

;
or, in simple words, the ascidian is a degenerate

chordate, perhaps even a degenerate vertebrate. This is

one instance of degeneration in which the real relationship
is indicated by the structure of the young rather than b>
inat of the adult
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sw^r ^"J^"*"— Some tunicates are minute and free.sw,n,m,ng by means of a vibra.ilc tail. Other small form,

g ne^^tLts^'' ^"^n"""' * '"''''''' "alternation „b™ •„ coion1e7
"' ''' '""'"" '"' -' """"P'^ "y

SUBBRANCH VERTEBRATA.

eas?to^HT*^*""";"*'— "^^ "'^ '"=g'»"«^ " "o»'d ^eemS and soT"h :''"': °' ""' ^^ ''"""^' "='= '^ back,

invertebrate. But let us take a glance at what is bv manvauthors regarded as the simplest of the vertebrates
^

o^-T^l'^furf*-
~ '^'" '"'"'*' (Branchiostoma, or Amphi-oxus) ,s fishhke m form and general appearanc;, oniri^.0

Ahn ,A ^ •

^'°" ^" ^'A^RAM OF LaNCELCT.

or three inches long, and nearly transparent. It i, marinebemg found in warm waters <:„„•
't's marine,

the south Atlantic coast Therr\"* '"'''" ="°"S

extending to the":^^ eL'^^-ihelouT Vh"'""""

beng caled ^^ ' Tu '"°"^''
^^^'='<'P^'^ «° <>esen^e

Thel s a tailfin h"; 'V I'
'""°' ^''"' •"" "o "eart.Hcre IS a tan fin, but no limbs, not even nairp,! fi„o tu

mouth is surrounded by a circle offlrt
^^

Barlf r.f fk^ .L -^
Circle ot fringelike tentaclesBack of the mouth extends the capacious pharynx whosewalls are perforated by numerous ciliated giU sUts Xt the

I

»*a



1 5a Descriptive Zoology.

ii

*li

posterior end of the pharynx the intestine continues to the
anus, situated posterioriy and ventrally. By the action of
the cilia water is taken into the mouth, passes through the
slits in the wall of the pharyrx, and enters a space around
the pharynx, called the atrial or peribranchial chamber,
whence it escapes to the exterior through a ventral opening
called the atrial pore. The lancelet usually lies buried
in the sand, with only the mouth projecting. It gets both
food and oxygen from the water, which is circulated
through the body by means of ciliary action. The lancelet
occasionally swims by fishlike movements.

Classification of the Lancelet— It might, at first thought,
seem strange that so simple an animal should be classed
with a group having such complex structure as the verte-
brates. The lancv^let has, in fact, been placed with the
mollusks, and later with the fishes, but is now located at
the foot of the vertebrate series, chiefly on account of the
possession of the notochord and the dorsal nervous system.
It is really hard to locate an animal with colorless blood,
and with neither skull, brain, heart, auditory organs, paired
eyes, nor paired fins.

The student who gets his ideas of classification almost
entirely from reading is apt to think that the animal king-
dom IS divided into groups separated by clear and distinct
dividing lines. But when he undertakes the actual exami-
nation of any considerable series of animals, he often finds
that two groups, which he regarded as distinct, actually
merge one into the other so gradually that he finds it diffi-

cult to see just where the line of division should be drawn.
The line of demarcation must frequently be so drawn that
it cuts across some intermediate forms, part of whose char-
acteristics lie on one side and part on the other. In some
cases the intermediate forms are living; in other cases the



Cyclostomata. ,..

The lancelets are plainly on the threshold of the vertebrate household. By some authorities they are drn^,*;admittance, and must wait jus, outside 1,.hers","'

l?e h r
^ '; "°" '"* *''^"'""'' """ humbly take tl^e,>

hla^s'^nds'mt:-
""= "'''"' °' '"^ -=" "-'" ^ ^^-t:

Distinction of the Uncelet from Other Vertebrate. n„account of the poorly developed brain andT absence ofa cranium, the lancelet is placed bv itself in IT
called Acrania, while all th^ other ^nie" are d'eTnated as Craniata, from the presence of a skull and h^'higher development of the brain.

CLASS CYCLOSTOMATA.

The lowest of the craniate vertebrates are the Cvclo.

ar! ;,?i^ ^ r °"*" """'' *"'' 'he hagfishes. They

sk nf Th
'"

. "• """"" ''''''• """ »'"> ^ooth, ^'mTskms. They have no jaws, but a round, sucking mouthhence they are sometimes called the • round-mouthed ee
•'

There ,s a single nostril on top of the head. Thjy hT™dorsal and caudal fins, but no paired fins. There aTeseveral pairs of purse-shaped gills, hence they arlcaned tvome authors Marsipobranchii. The skeleton has no ,ra«

developed. The internal organs are, in many featuressimilar to those of the true fishes.
leatures,

^n,!:!,"'T' r '^"'" *'<'«'y distributed. They are.ound along the Atlantic coast and ascend the riverL
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Some appear to live permanently In our large lakes. By
their sucking mouths they attach themselves to fishes,

Fio. 99. Lamprey Eel.
After Good*. — From Kingtley't Zodlogy.

sucking their blood, or even penetrating their bodies.
They are the only vertebrates known to live a parasitic
life. In Europe the sea lampreys are valued as food.

CLASS PISCES.

Ejuunple.— The Ringed Perch.

Life of a Perch.— If one stops to consider what are the
chief objects in life with a fish, he soon sees that it is well
expressed in the words "to eat and not be eaten."

Fro. 100. External Features of a Perch.

In order to secure food and escape enemies the fish

must have sense organs and organs of locomotion.

i
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Pisces.
>55

How the Fl.h Floats.- Before taking up the question ofloco^ofon in fishes, l.t us first consider hL it i. Ih^rthi
fish can keep its place in the water without efTort, neithernsmg nor smking. A freshly killed fish usually sink,showm ,hat its body is slightly heavier than^ wate

.'

Almos every one know, that after a fish has been deada short time it usually floats (commonly with the ventralsurface upward). This is due to the development of gasem the intestines. ^

Most fishes have air bladders (or swim bladders^ in-means of which they can regulate their position in m.,, r'By shortening the muscle fibers in the walls of tj. •

bladder, or in the walls of the abdomen, the air blaJJcA.made smaller and the fish sinks. By relaxing the ruu.^'.^
the air expands, the fish as a whole is relatively light.,and consequently rises. ^ **

'

• Most fishes have swim bladders, and stay in midwater
that IS do^not rest most of the time on the bottom. Onthe other hand, many fishes that rest most of the time onthe bottom are without a swim bladder. In some fishes ashe perch, the air bladder is attached to the walls of Iheabdomen In others, for example, suckers, the air bladder
s free from the walls of the abdomen and is readily

Twith th II
^'.''''"^ '^' '^^ *^^ '"^ ^'^^^^^ '« takenout with the other internal organs.

Locomotion of Fishes.- Most fishes have the body com-

D^nf Vh K
'^' ''"^"'' '^°" ^'"^ '^ ^'^- The thickest

part of the body is m front of the middle. The longer
aper,s toward the tail, and this gives greater flexibilityand freedom of motion to this part. When the fish wishes

to swim ,t makes a sideways and backward stroke of the
ail. This sends the body ahead and sideways; that is. ifthe tail ,s struck back and to the right it pushes the fish

1

fi

:i^v>^/:wi''A/v^'vM^



156 Descriptive Zoology.

I m

<

forward and to the left. But the fish quickly makes an-
other stroke in the opposite direction, and as a result of
the two he may go straight ahead. The fish may simply
make the double stroke, right and left, and without further
strokes dart straight forward, but usually there is a suc-
cession of strokes by which it is enabled to pursue a
straight course. It should be noted that nearly all fishes
that can swim rapidly have a pointed snout to diminish the
resistance. Resistance to the motion of the fish is still

further reduced by the mode of overlapping the scales and
the coating of mucus. The fins, too, point backward.
How the Perch Eats.— The perch feeds on minnows,

worms, water insects, and larvae of various sorts, which it

catches and swallowp alive. The extensibility of the mouth
is very great. The upper jaw can be protruded so that
the opening of the mouth is a wide circle, nearly as large
as the greatest circumference of the fish at any point. It
has been noticed that when the fish keeps the mouth closed
the snout presents a sharp point; this is in marked con-
trast with the large opening shown when the fish is about
to ingulf its prey. It must be kept in mind that the fish
has no special organs of prehension, but must do all the
work ot catching with the mouth alone. There are
numerous teeth, but they are not large, serving merely to
hold the struggling captive, and used little, if any, for either
tearing or jnasticating it.

Digestive Organs of the Perch. — The mouth narrows back
into the wide gullet, which is kept closed except when
swallowing. The gullet leads into a fair-sized stomach,
which ends blindly behind. The intestine arises from one-
side of the anterior end of the stomach. At the begin
ning of the intestine are three short blind tubes, the ceca.
The intestine takes one or two turns and terminates in

r?** BJS
.^
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the anal opening. As
the perch is carnivorous,
we should naturally ex-

pect a relatively short in-

testine. In the anterior

part of the body cavity
lies the liver. On its

posterior surface is the
bile sac, which may be
greenish or yellowish,
or, if empty, have little

color. It is then hard to

discover, and appears
like a small worm-shaped
appendage to the liver.

A duct conveys the bile

into the intestine.

Circulatory System of
the Perch.— The heart
of the perch is almost
literally "in his throat."
The heart is in a sepa-
rate cavity, the pericar-
dial chamber, with a
firm partition between it

and the main body cav-
ity. The heart consists
of three parts, through
which the blood passes
in order from behind.
The venous sinus re-
ceives the blood from all

parts of the body ; from

w
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the sinus the blood enters the auricle, which also is thin-
walled; from the auricle it passes into the ventricle, whose
walls are thick and muscular, and by whose contraction the
blood is pumped clear around the whole circuit to the heart
again. From the anterior end of the ventricle runs for-
ward the artery leading to the gills. The first part of the
artery is often enlarged and is sometimes called the arterial
cone or arterial bulb. This artery divides into four branches
on each side, one to each gill. After traversing the gills,
the blood-tubes (still called arteries) unite on each side, and
later the two arteries thus formed unite to form one dorsal
artery which supplies all parts of the body. The small
arteries subdivide and form capillaries, which pervade all
the tissues. The capillaries unite to form the veins, which
again bring blood to the heart.

How the Perch Breathes.— When watching a Uve fish
one sees that the mouth and gill openings open and close
alternately. It can easily be proved that water enters the
mouth and passes out through the gill openings ; thus a
pretty constant current of water flows over the gills Each
gill consists of a bony arch, hinged at the upper and lower
ends and jointed in the middle. Along the posterior border
of each gill is a red fringe, the red color being due to the
red blood within, which shows through the thin, delicate
covenngs of the gill filaments, as the individual parts of
the fnnge^re called. As the blood comes up into the
gill from the artery below, it goes off into small side
branches running out into the filaments ; when it returns
along the other margin of the gill fihment, it enic.s
^ther artery to pass out at the upper end of the gill
Thus It IS clear that there is a constant flow of blood in
very narrow. th?n-walled tubes in the thin-covered gill
filaments; there is also a stream of fresh water flowing

\c*wf-'^'-"-
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over the outside of the
filament. The blood
entering the gills f.as

lost oxygen in passing
through the muscles
and other working tis-

sues of the body ; so, in

passing through the
gills, it absorbs oxygen
from the water through
the comparatively thin
wall that sepai itcs it

from the water. *,Mthe
other hand, the blood
entering the gills is

loaded with carbon di-

oxid and other waste
matter that it has
picked up in the mus-
cles and other tissues

;

this passes out into the
water and is carried
away. It should be
noted that the current
of water is in the right

direction to keep the
delicate gill fringe
evenly extended, in-

stead of matting and
tangling it together, as
it would be likely to do
»1 the water current
were reversed.

^S9
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The Protection of the Gills.-The gills are really ex-
ternal organs. From the nature of their work they must
have very thin external coatings, and so are correspond-
mgly delicate. Hence the strong yet flexible gill cover.
The more technical name for this is the opercle. It con-
sists of several parts, the opercle proper, subopercle,
preopercle, and interopercle (see Fig. 100). Overlapping
from front to back, and being under muscular control so
that they can be held down with considerable force when
necessary, they constitu a very good shield. In addition
to the opercle there is « gill cover below, called the bran-
chiostegal membrane. It is a tough, yet thin, mem-
brane supported by several small curved bones, the
branchiostegal rays. A fish carries about its head organs
that are of vital importance and of most delicate texture
yet It dashes among more or less rough aquatic plants and
after fishes that are well armed with spines. It is safe in
doing this because of the double set of gill covers, one soft
and one bony.

When the perch swallows a spiny fish, still struggling
will not the soft gills be torn from the inside, producing
serious mjury ? The use of the bony, toothlike gill rakers
projectmg on the inner surface of the gill arches is now
apparent. The gill rakers also serve as a strainer in
swa lowing smaller particles of food, and some authorities
say that the gill rakers serve, to a certain extent, as teeth in
crushing the food.

When the fish seizes its prey, it of course takes water

hrough the gill openings, and probably only a little is swal-
lowed with the food.

The Sense Organs of the Perch. -The perch has well-
developed eyes, but without movable lids. If any one
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doubts their keenness of sight let him fi.h ,
bas» before rendering hi! vetdie
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from ^he front, the anus, the opening of the oviduct, and
the opening of *he ureter. In most of the higher fishes
these three openings are separate.

Development of the Perch.— The ovary is an elongated
body, occupying, when the eggs are mature, a large part of
the sp ce in the body cavity. The outlet of the ovary is

the oviduct, whose external opening is just back of the
anus. The ovary shows that it is really a double organ by
its forked anterior end. In the male the two white sper-
maries unite in one sperm duct, which reaches the exterior
just behind the anal opening. The eggs are fertilized
after they have been laid. They are left without care on
the part of the parents. The eggs contain a store of nour-
ishment which is not yet completely absorbed when the
tiny fish begins to swim. The young fishes feed at first on
small crustaceans and other minute forms of life. Both
the eggs and the young fishes ar eaten in great numbers
by many kinds of fishes and oth voracious water animals.

Scales.— Scales are developments of the deeper skin or
dermis, serving for protection, or ornament, or both. The
scales usually overlap each other s< luch that only a small
part of each scale is exposed, and rhis part is covered by
the epidermis. The scales are usually of horny material
and not bony, except in a few fishes, such as ganoids.

Kinds of Fish Tails. — When the tail is completely sym-
metrical, inside and outside, it is called diphycercal. In
most fishes the tail, while externally symmetrical, is not so
within, the spinal column being turned up as it joins the
tail fin

;
such a tail is homocercal. When the tail is unsym-

metrical, with the spinal column extending into the upper
lobe, the tail is said to be heterocercal. It is noteworthy
that the tails of nearly all young fishes are heterocercal.
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suJnl^H r "'^'"">' "" ""^ » »<=» °f fanlike ray,supported by a senes of bones at the base of the finFms are designated as "soft-rayed" or " spinyraved":aceordmg to the nature of the supporting rays' ' '

they are rth/^HHr' ,""''^' "" "<= -"«" -edian, as

pa.b,e to the t.o pairs of .in.bsTtt"hi herverrbrr

«n'!r^SS';lTr^^:r=^^^^^^^^

the'keeT^f 'I'
''"'^- """^ "»"=" -<» »"al fins act like

The Air Bladder. -The air bladder is generally consid

c'uinlyrtrr"'
"'" ""= '""« °' '"« 4herZ. . t

But in most fishes the air bladder acts as an r,r^,„ t
maintaining the fish's position in the water anVencetmore appropriately spoken of as a "swim bladder "inhe lungfishes and some ganoids the air bladder has a wideand direct connection with the gullet; in many other fillethe ope„,„g p,„i3,^_ ^^^ .^ ,^^^ On the Chehand in many fishes the duct is entirely closed The a!rbladder may have thin walls or thick it T,. k
section or divided into several secHons i n, 'k

'"
u"'

.0 the body wan or lie freelyin the b„jy caZ
"^ '""'"=''

FUtflshes.- Fishes may be flattened in two ways-
.) from side to side, that is, laterally, when thev are «M

-, -i ao.so-ventrally, is said to be
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"depressed," as with the rays. The flounders are com.
pressed, but have turned down on one side.

Electric Fishes. — These fishes have the power of giving
an electric shock when touched. The electrical apparatus
is a modification of the muscular system, and, like the
muscles, is under the control of the nervous system. It is

a point to be noted that the electric fishes are devoid of
scales. The torpedo of the Atlantic coast and of the
Mediterranean belongs to the rays. An African catfish
has the same power, and in South America is found the
electric eel. It is said that in South Africa the natives
drive herds of horses into the pools, and after the electric
eels have exhausted their '« shocking power " on the horses,
the eels may be caught and handled with impunity.

Colors of Fishes.— The colors of fishes are due to two
factors, the nature of the scales and the pigment in the
epidermis. The scales often are striated or polished to
give various colors, especially the gleam so often seen on
the sides of a fish. Aside from this kind of appearance the
color is chiefly due to pigment. As in most animals, the
color is darker on the back than below, where we often find
white. The oUve or dark back of most fishes makes it

difficult to see them when looking down into the water,
while the white color beneath might make a fish less con-
spicuous to an enemy below him. In the breeding season
many fishes, especially the males, assume much brighter
colors, most accented or the fins. Many fishes, notably
catfishes, change their color considerably in conformity
with their surroundings, like the amphibians and lizards.

Care of the Eggs and Young. — Most fishes give no care
whatever to the eggs or young. Some deposit the eggs in

a place of comparative safety. The stickleback builds a
nest for the eggs *nd the male defends them carefully.
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halibut, flounder, herring, catfish, various kinds of bass, both
fresh-water and marine, pike, pickerel, sucker, buffalo, carp,
and many others. Space will not permit an account of
them here, but the student is referred to the Riverside
Natural History, and other works of the same scope.

Artilidal Propagation and Witribution of Fishei. — In
late years much has been done toward protecting and
propagating our edible fishes. With the increase of popu-
lation the food question will gradually become a more and
more serious one. An excellent authority has said that an
acre of water ought to supply as much food as an acre of
land. The time has passed when the privilege is extended to
any one to fish anywhere and at any time. Common sense
dictates that fishes sljould not be caught during their breed-
ing season, and that they should not be caught under a cer-
tain size, etc.

; henCe laws limiting the fishing season, and
requiring that seines must have meshes not less than a given
size. Killing fishes by the use of dynamite is prohibited.
Also it is provided that there shall be no obstruction to the
free passage of fishes up and down streams; and that
where dams are necessary, side channels (fish ways) shall
be provided.

Most of the states have enacted laws for the protection
of its native fishes. A number of states have made appro-
priations for the establishment and maintenance of fish

hatcheries, where fish are artificially hatched. These are
shipped, to be introduced into various waters where it is

thought they will thrive, sometimes to replenish a stock
that is diminished by overfishing or other causes ; in other
cases to introduce them where they do not naturally occur.
The United States government has also taken the matter
in hand, and many valuable results have been obtained.
This industry is comparatively in its infancy, but it promises
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CHAPTER XI.

BRANCH CHORDATA.

CLASS PISCES {CoKiinued).

The Elasmobranchs.

The sharks and rays are the chief representatives of the
subclass designated Elasmobranchii. They are nearly all

marine. One of the best representatives is the shark
known as the " dogfish," which is caught in large numbers
along the New England coast for the sake of the oil ob-
tained from the livers. It differs from the "true fishes"
in the following points :

—
1. The skeleton is cartilaginous, never bony.
2. There is no gill cover, the gill slits (usually five)

opening separately.

3. The mouth and nostrils open ventrally.

4. The scales are small and separate, making the skin
rough.

5. The tail is heterocercal,— that is, the spinal column
extends up into the upper lobe.

6. The eggs are few and large, inclosed in a tough case,

the walls being strengthened by chitin. In some sharks,
as the dogfish, the young are brought forth alive.

7. There is no air bladder.

The Sharks.— The typical shark has a spindle-shaped
body, and is exceedingly active. The mouth is far back
under the head instead of in front, as in most bony fishes.

168
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The gill openings are separate. The teeth are flat, three-
cornered, and sharp. There is a constant succession ot
eeth, so that as those of the front row are lost, others take
the,r place from behind. Though sharks ar^ very vora!
cous, ,t does not follow that they always attack human

Fig. 103. Shark (Dogfish).
Showing separate gill slit,. Tail heterocercal.

beings. For instance, on the coast of North Carolina sharksare abundant and of large size
; yet they do not attack manThis ,s probably because fishes are abundant and thesharks have an ample supply of food. But in some partsof the world sharks are exceedingly dangerous.

The Rays. - The skates and rays have a broad body
partly due to the merging of the body into the large'
horizontally flattened pectoral fins. The body is usuaUy

Fig. 104. Shark (Dogfish), Ventral View.
Showing nostrils, mouth, gill slits, and anui.

rhomboidal. often wider than long. One form is calledthe barn-door skate." They live on the bottom, feedingon mollusks, and have pavement teeth. Some have sharp

lijii
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spines above the base of the tail, and are called " thorn-
backs " and "sting rays." Perhaps the largest of them is

the "devilfish," sometimes attaining a width of eighteen
feet and a weight of several tons.

Some of the rays have a complicated electric apparatus,

Fig. 105. Common Skate (Ray).

Jaws and teeth (above); mouth and gill slits (below).

From Packard's Zodlogy.

with which they can give a strong shock to an animal with
which they come in contact. This serves both as a means
of defense and for securing prey. The one electric ray
found on the Atlantic coast has the scientific name Torpedo
and the common names " crampfish " and " numbfish."

1^

THE BONY FISHES.
I

The great majority of fishes differ from the sharks and
rays as follows :

—
I. The skeleton is bony instead of cartilaginous.

my^-^
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2. The gills are protected by a gill cover, so that there
IS but one external opening.

3. The eggs are small and numerous.

The Spiny-rayed Fishes. -The perch is typical of a
large group of fishes, all of which have spiny rays The
perch is widely distributed in fresh-water lakes and streams •

the sea perch, or cunner, is common along the Atlantic
coast and is so nearly like the yellow or "ringed" perch
ha the descriptions and directions for dissection will apply

fairly well to it.
^^ ^

In the same family with the perch is the pike perch
better known as the "wall-eye" or wall-eyed pike, an
excellent food fish. Among the perches are also the
darters, a most interesting family on account of their small
size and peculiar habits. They rest on the bottom, never
poising in the water like ordinary fishes ; they are found
in streams, m rapid currents, getting their food under

Fio. 106. Mackerel.

stones, etc. They swim by means of their pectoral fins,
coming to rest after the quick, darting motion that gives
them their name. One species is only from an inch to an
inch and a half long. Yet in some respects they are to be
classed among the most highly developed of fishes. They
may be caught in a minnow seine by taking pains to " keep
the lead line down." that is, by being careful to drag very

'i
^i

a.-,.
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close to the bottom. In keeping with the fact that they
stay on the bottom is the fact that most of them lack an
air bladder. They feed mostly on insect larvat.

The sunfishes are a closely related family; these are
well known as having short, deep bodies, usually with
bright colors. More active than the sunfishes proper,

though in the same family, is the black bass, so well known
as a game fish. There are also the white bass, striped

bass, and yellow bass in fresh waters, and various kinds of

sea bass. Two important families of the spiny-rayed fishes

are the mackerels and the codfishes.

Fig. 107. Codfish.

Most of these fishes are very active and reckoned among
the " game fishes " on account of their resistance to being
caught and the skill required to capture them.

The Black Bass.— The black bass is probably more
sought by the scientific angler than any other fish in the
Central States. It is a fine type of the spiny-rayed fishes.

•' The black bass is eminently an American fish ; he has
the faculty of asserting himself and making himself com-
pletely at home wherever placed. He is plucky, game,
brave, unyielding to the last when hooked. He has the

m
!»1
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arrowy rush and vigor of a trout, the untiring strength and
bold leap of a salmon, while he has a system of fighting
tactics peculiarly his own. I consider him. inch for inch
and pound for pound, the gamest fish that swims "--

I A
Henshall. ^'

'

The Catfishes.- The catfishes are scaleless; they have
long, tapering barbels (" feelers ") around the mouth • the
mouth IS wide, and the head low and fiat, adapting the fish
for a groveling life, skimming along the bottom. The
dorsal and the pectoral fins each have for the first ray a
very strong, stiff spine, with a jagged edge, by means of

Fig. io8. Catfish; Channf.t. Cat.

Which they inflict painful and probably poisonous wound.
1 hey seem to be lovers of muddy streams, and lead a
rather sluggish life. They abound in the Mississippi Val-
ley. where some species reach a weight of 150 pounds.
They are esteemed as food, as the flesh is of fair quality
and unusually free from bones.

The Suckers. - In this family are a number of forms
such as the various suckers, the buffalo fishes, and carps]
including some carps that have been introduced from
h^urope. The scales are large, with smooth borders ; such
stales are called cycloid scales. They all have a scaleless

i
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head and a sucking mouth, toothless, with soft lips capable
of downward extension; they feed to a large extent on
vegetable matter, hence have a long intestine, in marked
contrast with the short intestine of the carnivorous perch.
The air bladder is large, and is constricted into two or
three compartments, linked together sausagelike. The
air bladder communicates with the digestive tube. They
ascend streams in the spring to lay their eggs. Their flesh

is rather tasteless and full of bones ; still, they are largely
used as food, as they cost less than other fishes, being
caught in immense numbers in seines. Their sluggishness
contrasts sharply with the alertness of the game fishes.

iji

•€

•6

Fig. 109. Atlantic Salmon.

From Kingsley's Zoology.

The Salmon Family. — The salmon is well known both

from its commercial importance and from its remarkable

migrations up rivers to spawn. It passes swift rapids and
leaps falls of considerable height. To this family also

belong the trout and the whitefish of the great lakes.

The Trout.— One of the daintiest of fishes, as well as

one of the most delicately flavored, is the trout. On
account of its wariness it is sought by the angler who
wishes to overmatch its cunning.

" This is the last generation of trout fishers. The chil-

dren will not be able to find any. Already there are weil-

_;ltf
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trodden paths by every stream in Maine, in New York, andm Michigan I know of but one river in North Americaby he 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 bymachinery and rn ,ed in ponds, and fattened on chopped
hver. and grow flabby and lose their spots. The trout^of

Fig. no. The Rainbow Trout.
From Kellogg 's Zoology.

the restaurant will not cease to be. He is no more likethe trout of the wild river than the fat and songless cebrd ,s hke the bobolink. Gross feeding and easy pondhe enervate and deprave him. The trout that th'e'chiK

armw ^f t
".°"'^ '^ '^«^"'' "'^ ""= g'-W-prinkled living

aWeTo Lr r '''";• '^'^ '" ^'S^^g «P the cataractable to loiter >n the rapids, whose dainty meat is the glancing butterfly."_ Mvron W. Reed.
^

The Flattshes. - As an example of this group we mavselect the flounder found along the Altantic coast These
fishes keep near the bottom, swimming on one side, andthe two eyes are both on the side that is uppermost. Per

ist^rT '""'"""'' '"'' concerning these odd fishes
.s their development. At first they are symmetrical, with

' \
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an eye on each side, and erect like other fishes
;
gradually

the body turns over to one side, the cranium becomes
twisted, and the eye of the side that turns down travels

over to the upper side ; the upper side becomes dark, while

the under side is white or nearly so, whereas in the young
flounder both sides were colored alike. The sole and the

p'aice belong to this family. The most important member,

Fig. III. Winter Flounder.

From Kingsley's Zoology,

however, is the halibut, which sometimes reaches a weight

of three or four hundred pounds.

Eels.— The eels have elongated, cylindrical bodies, with

minute scales or none. They have no ventral fins, and
swim or crawl through the mud by a snakelike motion.

They are active and very voracious, pushing their way under
stones and into holes after small fishes and crustaceans, on
which they feed. It is said that they can crawl a consider-

able distance on land, through wet grass, and that they

pass around falls and other obstructions in this way.

Flying Fish.— Certain marine fishes are called "flying

fishes." They do not really fly, but, by means of their long

pectoral fins, make long flying leaps through the air. They

^-\ "^^ftW^'T
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make these leaps better against the wind than in the same
direction as the wind. Their leaps are probably somewhat
hke the •' sailing " of birds.

THE GANOr S.

We have in the United States four kinds of ganoids, the
gar pike, the sturgeon, the mudfish, and the spoonbill catfish.

Fig. 112. Gar Pike; Gar.

The gar pike has a cylindrical body covered by rhom-
boidal bony scales. These scales are coated with enamel,
making a very strong and complete armor. The jaws ex-
tend, forming a long bony snout, the nostrils being at the
tip of the upper jaw. The teeth are sharp, and the fish
is voracious, but of rather sluggish habits. The tail is
slightly heterocercal. Three species are common in the
Mississippi and some of its tributaries : the long-nosed gar
(Fig. 112); the short-nosed gar; and the alligator gar,
which is said sometimes to attain a length of ten feet.

Fin. 1T3. Common Sturgeon.
After Goode. — From Kingsley'g Zodlogy.

The sturgeon is decidedly like a shark in general ap-
pearance, with its strongly heterocercal tail, its projecting
snout, with the mouth well back on the ventral surface, and

Iftiff
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its cartilaginous skeletop. The skn is also roujjh like that

of a shark ; but in addition to the separate scales that give

roughness, there are several rows of bony plates, each with

a central projecting point. These rows of scales are net

set cl( ' together, one row of large scales being along the

back, N.ith rows of smaller scales along the sides. The
sturgeon has a projectile toothless moutb, and feeds along

the bottom, sucking up worms, larvae, etc., from the mud.

The spoonbill catfish very much resembles a catfish, being

smooth-skinned, but has a long, paddle-shaped upper jaw

with which to stir up the mud from which it gets its food.

The mudfish, or bowfin„ is, in the Mississippi Valley,

commonly called the " dogfish," an unfortunate term that

,f

Fir,. 114. Mudfish; Bowfin; GRiNni.F..

Dogfish (of Central States, but should not be confused with the shark called dogfish).

is likely to confuse it with the shark called by the same

name. The mudfish, as the name implies, lives in shallow

water, and is a very voracious fish. It is more nearly like

the ordinary bony fishes than the other ganoids, having a

pretty complete bony skeleton. Its flesh is soft, and gen-

erally considered as wholly unfit for food, but of late it is

beginning to be used. In some waters of the Mississippi

system it is very abundant.

These four fishes do not present many characteristics in

common, hence it is not strange that the authorities differ

greatly as to their classification. In the first place, it should

K^ 'iiW^.
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be noted that there are but few living ganoids ; these are
the survivors of a host that e.xisted in earlier geologie
periods. Many of these fossil forms possess a heavy
armor, of which the gar shows a sample. It is also
noteworthy that North America has a majority of the
survivors. Most of them have heterocercal tails.

The most valuable feature for our consideration is the
air bladder, which is present in all, and in all is connected
with the gullet by a persistent open duct. This duct opens
on the dorsal side of the gullet except in one instance.
Purthcr, the air bladder in most has an unusual supply of
blood, so that it serves to a considerable e.xtent as a lung.
Both the mudfish and the gar pike often come to the sur-
face and emit bubbles and take in a fresh supply of air

Fig. 115. LuNGFisH.
After Boa». — From Kingsley's Zodlogy.

very much as do the mud puppy and the tadpole after the
lungs begin to develop. These two fishes are very tena-
cious of life when removed from the water, undoubtedly
because of the ability of the air bladder to act as a lung.
The ganoids thus foreshadow the lungfishes, as, in turn,
the lungfishes anticipate the Amphibia.

THE LUNGFISHES.

In the lungfishes the development of the air bladder as
a lung is much more complete than in any of the ganoids
The nostrils open into the mouth cavity, which is not the

1
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case with any other fishes. There is also a pulmonary

artery and a j Imonary vein, making the circulation much

more perfect. In keeping with this, the auricle is partially

divided into two compartments. There are only three or

four species, one in Australia, one in Africa, and one or

two in South America. The Australian form has a single

lung ; the others have the lungs double. The African

lungfish secures protection during the dry season by

burying itself in the mud, where it remains in a snugly

inclosed cavity. These "mr.d nests," as they are called,

have been dug up and the fish taken alive and uninjured to

Europe. Gills are present and permanently kept.

It is a general belief among naturalists that the Amphibia

originated from such lunged fishes as these we have been

considering. Why, indeed, should we hesitate to believe

that a race of animals has gradually changed from an

aquatic to a terrestrial life in long course of time, when we

have all seen this change take place in the individual frog

in a relatively short time ? Whether they were first led to

do this from the drying up of the water or from pollution

of the water, making it unfit for respiration, or whether

they were forced to adopt a land life from the competition

for a living in the water, or from some other causes or

conditions, who shall say ?

Class

Pisces.

SUBCLASSES OF PISCES.

Subclass I. Elasmobranchii, sharks and rays.

[
Teleostei, the bony

Subclass 2. Teleostomi. fishes.

Ganoidei, " ganoids."

Subclass 3. Dipnoi, the lungfishes.

H^^.*^gi*|iv35,-vi..
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CHAPTER XII.

BRANCH CHORDATA.

CLASS AMPHIBIA.

Example.— The Frog.

Where Frogs Live.— Frogs are usually found in or near
water. In the spring they congregate in ponds and pools
to lay their eggs. Later in the season they scatter, and
may be found at some distance from the water, but still in
moist places, such as near springs, swampy meadows, etc.
Even when they are spending most of the time in the
water they come out on the banks to catch insects.
How the Frog Progresses.— The frog has three modes of

locomotion—jumping, swimming, and creeping or walk-
ing. The latter mode is seldom used except to change its
position or climb up something on which to rest The long,
muscular thighs enable the frog to make powerful leaps, by
which it rapidly escapes to the water when it is on shore
and alarmed. In swimming it folds the fore limbs along-
side the body and by the simultaneous strokes of the two
hmd limbs, with the long, broad, webbed feet, makes rapid
progress. It is a model swimmer.

The Frog's Food and Method of Eating.— The frog
feeds chiefly on insects, though it also eats slugs, worms, and
various kinds of larvae. The writer has found the remains
of a mouse in the stomach of the common frog, and in the
stomach of a bullfrog a small bird entire; but these cases
are exceptional. The frog catches insects -its main

I8i
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food— by means of the tongue. The tongue is attached

in front and free behind. Insects are caught by turning

the tongue forward quickly, the sticky mucus with which

the tongue is covered holding them -securely. There are

fine teeth on the upper jaw and the roof of the mouth, but

these serve merely to hold the insect or slimy worm, while

it is being swallowed, and are not used for masticating the

food. The wide mouth narrows into the gullet, which is

really wide, since the animals captured are swallowed

Fig. ii6. Plan of Frog's Structure, Side View.

whole, but is kept closed by being " puckered up," as it

were. Back of the gullet is the rather large stomach.

The stomach narrows as it extends backwards, and is con-

tinued into the intestine, which, after one or two turns,

suddenly widens into the cloaca. Alongside the stomach

is the lobed liver ; between two of the lobes is the bile

sac, whose duct empties into the intestine a short distance

behind the stomach. The duct from the small pancreas joins

the biie duct a little before the latter enters the intestine.



Amphibia. ^93

How the Frog Breathes.- The adult frog breathes chiefly
by means of lungs. In dissecting, the lungs may be found
collapsed

;
in which case they are small and dark-colored

When mflated they are of considerable size and of a beau-
tiful pmkish color, owing to the blood in the capillariesA frog's lung is not a mere air sac, with transparent walls
as with most fishes. There is blood circulating in the
wall, and the wall is somewhat thickened, and has ridges
extendmg on the inside, which, to a limited extent, parti-

Fig. 117. Plan of Frogs Structure. Ventral View.

tion off the space into air vesicles, thus increasing the area
of the inside of the lungs, and consequently exposing more
blood to the action of the air contained within the lung.
In watching the breathing movements of the frog three

actions are seen
: first, the in-and-out movement of the

floor of the mouth; second, occasional movements of the
side of the body

; third, opening and closing of the nos-
trils. When the floor of the mouth is lowered and the
nostrils are opened, air is taken into the mouth cavity if
now, the nostrils are closed and the floor of the mouth
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raised, air is forced into the lungs. The gullet is kept

/y^' firmly closed so that air does not enter it, and the glottis, a

longitudinal slit in the floor of the mouth just back of the

Cf tongue, being opened at the right time, air freely enters

/
-j ; the lungs. The windpipe, or trachea, is extremely short,

/
^

dividing almost immediately to enter the two lungs. The

less frequent movements of the sides of the body seem to

be for driving air out. This is accomplished by the action

of the muscles of the sides of the abdomen. From the

above it may be understood why a frog may be suffocated

by having its mouth held open for any considerable time.

The frog also breathes to a limited extent by means of

the skin. It has been noticed that the skin is always

/> moist, a crdition necessary for this function. In cool

—-k/ weather it -.vill be noticed that frogs kept in aquariums

'Sfrequently sink to the bottom and remain there for a long

/time. Of course the breathing movements then cease.

The diminished activity is accompanied by a reduced re-

spiratory need, and the blood, circulating in the skin,

absorbs all the oxygen that is required.

Circulation of Blood in the Frog.— The heart consists of

one ventricle and two auricles. The right auricle receives

blood through the caval veins from all parts of the body

except the lungs; this bl i* is dark because it has been

deprived of its oxygen by working tissues of the body

;

it is loaded with impurities >vhich the tissues have given to

it. The left auricle receives blood from the lungs; this

blood is bright-colored from the oxygen just obtained in

the lungs ; it has also lost some carbon dioxid.

The two auricles contract at the same time and send

these two kinds of blood into one ventricle. How is one

ventricle to send the purer blood to the organs that need it,

and the impure blood to the organs whose work it is to
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remove impunties? Without attempting here to explain
this in detail, it may be stated that, owing to the way inwhich the arteries branch from the ventricle, and to an
ingenious valve arrangement, (i) the best blood is sent to

..uu'}^^ ^^ "^^^ ^^'^ ^^°°^ (somewhat mixed) is sent
to the body, and (3) the most impure to the lungs and skin.

The Lymphatic System. - In skinning the frog it is very noticeabJp

fslr ;Vr?^'
only occasionaily'leaving'a ir::!^:^:^

the skin and muscles over the greater part of the body. In thesespaces ,s a more or less watery liquid, the lymph. Lymph is also found

part of the blood system. Lymph may be described as part of the

Sinto^ the°f ''^l
'" "^'^' °" °^ ''' -«"'- blood' tubes and

Cmph hearts' in? K
'''''•. '''"' "*^ *"° ^''^ '' -"»-<=^"e

the^nus Th; Z' "
l"''"''^"'

"^y ^^^^ ^''^ observed, nearTr ^r u
^' P^"" '" ''^**^^" t'^e transverse processes of thethird and fourth vertebra, and cannot readily be found.

cJhTH*^'^1'°'^f
*^'''~^^" ^""^^ ^"d «kin remove

carbon dioxid from the blood as it circulates through themThe nitrogenous waste matter is taken from the blood as

1?T!k
°"^^ '^' ^^""^y'- ^^°"^ ^^^h kidney a tube

called the ureter passes back to open into the cloaca on
its dorsal surface.

The Colors of the Frog,^ The prevailing colors are greenand brown though sonie'are marked by black spots! and
somehmes these black spots are made more distinct by a
wh,t,sh border. The frog does not frequent bare ground,
but IS usually to be found near plants, whether in water o;

ngs, so that It IS not a very conspicuous object, and some-
t mes keen eyesight is needed to discover it even when inplam view By distending its lungs the frog easily floatsm water. When so floating only the top of the head is out
of water, with ,ts three projecting points, the snout and
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the two eyes. In some kinds of frogs the head is more
distinctly green than other parts, so a little practice is

required before the collector readily discovers it as it rests

in the water, with the top of the head appearing among
green leaves.

The color is due to pigment cells in the deep layer of the

skin. These cells are branched, but can change their shape

and vary the color somewhat in accordance with the sur-

roundings. These cells may easily be observed in the skin

of the frog's web, and can hardly escape observation when
the circulation in the web is studied.

' The Frog's Enemies.— Most of the larger snakes eat frogs

when they can get them. Many fishes take them greedily,

hence the frog is used as bait. A number of birds capture

frogs, including some of the hawks, certain waders, and

perhaps others.

The frog's color undoubtedly often keeps it from being

discovered, and whi -^ it is approached it can make use of

one, or both, of its two speedy modes of locomotion to make

good its escape ; concealment by protective resemblance

and escape by flight are its two safeguards, for it has no

weapons of defense.

How Frogs spend the Winter.— At the approach of freez-

ing weather frogs reassemble at the shore, and perhaps for

some time may be found at the surface during the warmer

part of the day, but stay at the bottom during the night or

during colder days. They finally dive deep into the mud,

—

which is their winter resort. Here they hibernate, motion-

less, eyes closed, lungs emptied, with no breathing move-

ments, the heart beating feebly and slowly, till they are

revived by the returning warmth of spring.

Warm-blooded vs. Cold-blooded Animals.—The frog's nor-

mal temperature during the season when it is active is a



Amphibia.
187

httle above the surrounding air or water. Its temperature
vanes with the degree of its activity. In the winter when
It IS buried in the mud its temperature sinks nearly to the
freezing point, for the lower layers of water have a tem-
perature of about 40° F. In other words, the frog's tem-
perature is variable, instead of constant as in the case ofmammals. |i/f4,.^^^^, ,

The Nervous System of the Frog. -The widest part of
the brain consists of the two optic lobes. In front of these
are the two cerebral hemispheres. Barely separated from
the anterior ends of the cerebral hemispheres by a slight
groove are the olfactory lobes; they seem to be a part of
the cerebral hemispheres. Back of the optic lobes, sepa-
rated by a depression, is the cerebellum, a narrow trans-
verse band. Beyond the cerebellum is the spinal bulb (see
also Fig. 167). There are ten pairs of cranial ner%'es
Ihere are also ten pairs of spinal nerves.
The Senses and Sense Organs of the Frog. -The promi-

nence of the frog's eyes has already been noticed. The
upper hd IS thick and drops with the eye when it is wuh-
drawn The thin under lid can be drawn more completely

sTaHnn
'^^ ^"^^^^^^^" "^^d when the upper lid remains

Frlrr- ''^ f ''' '^' *'^ ^^^^^""^ ^« conspicuous.From the inner surface of the tympanum extends the bonyod called the "columella" to the inner ear. to which i^
transmits the vibrations received by the tympanum. Thesense of taste is apparently well developed. All parts ofthe skm seem to possess the sense of touch. The nostrilsopen directly into the front of the mouth. Of [he sense o^smell less is known than of the other senses

ova'lils'X?' t'"'
F^og. -The eggs are formed in the

mucrf M^ . f
'^^' "'" "^'^"^^ '^^ °^^"^« becomemuch folded and plaited and the egg-masses occupy a large
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share of the space in the body cavity. The eggs finally are

set free in the body cavity ; they find their way to the open-

Naial %M,

Ceicbnim

Spinal bulb

Boundary between

Spinal cord

Spinal aenret

,

Branches connecting /

Sympathetic gan-
*'''

gitons

Sympathetic gan-
glion

_ Olfactory ncrv*

Optic nerre

Ganglion of fifth

nerve

Fifth nerve
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nerve

Vagus nerve

First spinal nerve

Brachial nerve (arm)
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Fig. 118. Nervous S^fTTKU of Frog, Ventral View.
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Which swell, up :L:t ur;.e Liftr ""r'"'

mouth openingand the H«L; H ^
' "'°'* """= "'"'= ^^ "<>

wee. h^ suSrtr^trrrit
to

Fig. 119. Development of a Toad.
From Packard's Zodlogy.

7^"' /!'" *' """"''- "'"' horny lips and jaws is

g o"Sd v' ^h""': '«=t r^'O-'y - waterweeXandgrows rap dly. The external gills disappear and are reokr^Hby mtemal gills, which are concealed by a fold of sk n whkhincloses a eill chamh»r ti, •
which

side nf XTtaT :
^'' "^ *" °P«"'"g O" the leftside of the body for the water to escape. The limbs aIvelop as little projections, like buds, on the sWes of the"

Ke gm t:T''T^' ^^^ "" ^ '-^ «- crLle'a^

than th?K- S
""^ *""'"' ^PP=»^ '° develop laterban the hinder pair. At first the tadpole swims fishlike

after the limbs appear. It holds the limbs close by the side

if

I
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of the body and swims by the sidewise movements of the

tail. At this time the intestine is long and coiled spirally.

Then for a time the tadpole quits eating. It fasts, but is

maintained by the material from its tail, which is being

absorbed while a great transformation is taking place. The
horny lips and jaws are shed, the mouth becomes wider and
develops true jaws with teeth. The long, coiled intestine

becomes relatively short. The anterior limbs are pushed
out through the fold of the skin that inclosed them. Lungs
are developed, although they are at first but little used, the

tadpole coming to the surface occasionally to get a mouth-
ful of air; respiration is still chiefly accomplished by the

Fig. laa The Siren ; Mud Eel.

Gills persistent.

gills, but the lungs come to be used more and the gills less

until finally the gills disappear. It was herbivorous ; now
it is carnivorous. Formerly strictly aquatic, it is now am-
phibian. In short, our tadpole has become a frog.

CLASSIFICATION OF AMPHIBIA.

The Siren. — The lowest of the amphibians is the siren

or mud eel. It is eel-like in form, having gills that persist

through life, and one pair of legs (the anterior). It lives

in the swamps of the Southern states and sometimes is

three feet long.

'^-V-"T- '""•
^ps.':^^5
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the two pairs of limbs close to the body and swim by lat.

eral movements of the vertically flattened tail. Most
of the salamanders live on land, but they seek moist
places. The salamanders are often incorrectly called Hz-

ards. They are pretty well distributed in temperate and
tropical regions. Most of them are of rattier small size.

One form is used as food by the Mexicans. In some
forms the larva is larger than the adult. In unfavorable
conditions some of the larvae fail to transform, but perma-
nently, or at least indefinitely, retain the gills. Some
European forms fail to develop lungs. Many of the
salamanders reproduce the legs or tail when these
members have been lost. Like the other amphibians, the

salamanders go to the water to lay their eggs, and all sala-

manders, whether they lead a terrestrial life later or not,

spend their early life in the water, breathing by means of

gills. One family of salamanders are called newts or efts.

None of our amphibians are in any way poisonous or inju-

rious to man, though several of them are reputed to be so.

Frogs and Toadi.— These are the highest of the amphib-
ians. They have lost, not only the gills, but also the

t^il. They are not only fitted to live a truly terrestrial

life, like the salamanders, but are much more active than

the latter, having the hind limbs well developed for leap-

ing, whereas the two pairs of limbs in the salamander are

nearly equal, and it can, at best, only crawl.

One of the commonest of the frogs is the leopard frog,

so named from its spots. Quite similar to it in general

appearance is the pickerel frog. The green frog is green-

ish and brownish, with small dark spr^s. The bullfrog is

well known from its size and heavy voice.

The common toad has a rough-looking, warty skin, in

which are glands that secrete an irritating liquid for pro-

msm'^^. iM|
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the toad merely hi t'"V'=" '""^ '"'^'^'''P'''. and ,o

The frog has Lth f: 1 °' '""'^'"^ '"«' •'«= f™g.

neither iL''"TrLd",:;,r;fl::
:h"'^'

'"' '"="' '"

goe. to the water to hyZZJl'TJ^' *"""• "'" "
pass through the same stilw J ,

"" >""'"« ''""P"'"
The toad lays it, «Tst « •

"!'°P""="' " "-e frog,

are in massl/'V^trdpo "'^f*th^ .'"T
*" ""' '™'

darker than those of the froe Thl , Tu "" "'"*">'

kind of tongue as the trZ ! T .
'°*'' ""^ ">« "me

with its surroundings ^ ''""" """• """Ponding
The tree toads or tre« *",0-« ar« «

thus get the name "toad but Lt "'^'" ^""^ ""^
family from either frogs «; toads Th!v'

'" " '"'"''"'
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which^dhe e'and thus a"dt h' k"' """'" '"'" ""K'-

-gh and dry they'^t "in't^ihe^'' "rTwater to lav their Pao-« a • '
""" ^o the
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"
nlrj' t ' "^^ -»
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""= """"''
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he heavy bass notes of the buUfrlg

'°''' '"
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young being hatched in the form of the adult. A few forms bring forth
the young alive.

*

CHARACTERISTICS OF AMPHIBIA.

The Amphibia breathe by gills in the larval state, but
generally develop lungs in becoming adult. They have no
fin rays as with the fshes, but usually have paired limbs
with distinct fingers and toes.

Aquatic Life vs. Terrestrial Life. _ Several lines of investigation
converge to prove that at one time the globe was entirely covered by
water. Of course until there was land there could be no land lifeWhat were the first forms of life on the land ? Did some of the
forms of aquatic animals gradually become fitted for living on land and
then desert the water ?

& u

The study of the amphibia seems to throw some light on these ques-
tions. In the ganoid fishes we jaw that the swim bladder had some cir-
culation of blood in its walls and that there was an opening from the
gullet mto the swim bladder, which is, in action at least, a sort of rudi-
mentary lung. The lungfishes have the air bladder still more com-
pletely developed as a lung. The lungfishes came to the very door of
land life, but remained aquatic. The Amphibia boldly stepped over the
threshold and were, probably, among the fii^t of the animal kingdom to
emerge from the water to live upon the land. This transition from life
in th'^ water to life upon the land marks a great step upward. Perhaps it
would be hard to believe that any group of animals had made such a
profound change, if it were not for the fact that we see this same change
in the individual life of every amphibian.

Gradation among the Amphibia.- It is interesting and instructive to
observe the successive progress in the various groups of amphibians.
If we consider m succession the siren, mud puppy, salamander, and frog,
we see that they all have traveled along the same road, only some have
gone farther than others. They a'lstartas limbless tadpoles, with gills,
practically in the same stage of development as the fishes. The siren
develops one pair of legs, retains the legs and gills, although developing
lungs, and goes no farther. The mud puppy makes a slight advance
by developing another pair of legs. It retains the two pairs of legs and
the gills, at the same time breathing, in part, bv means of lungs. The
saUmander takes a decided step upward when it sheds the gills and

:.:-;4.
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breathes by means of Junes Th#. fi.«„
but rises to a still higherTvel bvLn ^ ^°? ?''°"«'' *" these stages,
its larval life, m shL each oHhe^^ k'

*'' ^^" "^'^'^ '* '^^d in
stages represented by the fl^'b^^^^ f- ^''-gh all the
certain features and has advanced o a hi^h T "' ''"' ''"^ ^'^^'•^^d
active life.

^ ^"^ ^ '"S'^^r plane and leads a more

forr^s oftptSstfot U if'tt^LT t": t

^° ""^" ^" ^''^ -''-
frog's life represent the permanent fo^.f ,u,

''""P^'^'y stages of the
To put it in another way. -SS":^^^^^^
at the fish level, so to sLk tl s r.? , V ^ ^•'°' °^ '''^ ^'"^ «t^'>s
stops there

;
the mud pupVi^akt one

^""^^ "" °" '''' '^^^ ^*^P -"^
the salamander mounts TtUl ^gh" by a^tenVHr"'

"^^^ '^-t-^'
est point

;
while the frog takes fll of tL T "^ ''^^ '"'^'^^^ 'ts high-

again and tops the serief^ g uL^ t^^
"' '""'" °"' °"^^

This series illustrates a law which th ? '' '^'^ °^ ^^^ ^*^'«-

so clear in some other gr^ps the ."^^T'^'
'^^'^ ''°^ ^PP^^^

individuals of the higher ^Jps relapitdaTth: '"'t^"^'^*
°^ ''^

group as a whole; or, in other words ^^ he h J
development of the

ual epitomizes the deUlopme't o/'h^ ^t!" °'™"* °' '""^ '"^-i^"

DIFFERENCES BETWEEN FIc^hpc akt^w£.i:,N FISHES AND AMPHIBIANS
Fishes.

Persist through life
Amphibians.

1 Auricle, i Ventricle

Gills .

Lungs

Heart.

Fins with fin rays
Scales (usually) ' * * * *

^""^^^

Class Amphibia .

ORDERS OF AMPHIBIA.

rOrderi. Urodela
•

j Order 2. Anura
I Order 3. Gymnophio'na .'

Present in adult
a Auricles, i Ventricle

. Limbs with digits
Skin smooth (usually)

• Open into mouth

Salamander

Frog
Blind-snake

^SifM
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CHAPTER XIII.

BRANCH CHORDATA.

CLASS REPTILIA.

There are four principal forms of reptiles, represented
by the lizard, snake, turtle, and alligator.

THE LIZARDS.

General Characters of Lizards.— Lizards are scaly rep-
tiles, having, in the typical forms, two pairs of limbs and
an elongated body, with a long, tapering tail, frequently
twice as long as the rest of the body. The middle of each
vertebra of the tail has a thin layer of cartilage, at which
places the tail easily breaks off. The advantage of this
arrangement is readily seen. When attacked by an
enemy the chances are the lizard will be seized by the
tail, for he is probably trying to escape by flight. The
brittle tail breaks off, and as this constitutes the greater
part of the length, the pursuer thinks he has the main
part

;
at any rate, while he is holding this the curtailed

lizard may make good his escape. But the tail grows out
again.

In capturing lizards, which often lie basking in the sun,
It is best to creep stealthilv upon them till within arm's
length, and quickly dart the hand forward. Unfortunately,
in thus grasping them, the tail is in most cases broken off.

There are five toes, with claws, on each foot. There
are no external ears, but the tympanum is sunken, leaving

196
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a depression back of the eve Tk«

on rocks, trees, walls etc '
" ''''" '" ^^"^^ ««"«>

being most abundant in
warm countries. There are
not many north of latitude
40. Af wlivemoreorless
m the water, but they do
not have gills at any stage
of their lives.

Lizards lay eggs of com-
paratively large size, which
are covered by a tough
leathery or limy shell.

Many Uzards are bril-
Iiantly colored, and some
have power to change their
color; most noted of these
are the chameleon, of the
old world, and the Anolis
(Pig.

123), found in the
Carolmas and Florida, which
readily changes from a
bright green to a dull brown
according to its surround-

2: ne'edlranl not (h^ ,

^" ^'^ ^^^^ ^ ^- ^f dead

Often sold under fhe^.l^?.clte^^^^ ™^ ^'^^ ^^

fiG. 123. Green LrzARD.
From Kingsley's C<,;«/a,.^/,v, Z^A,^.
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The Chameleon.—The true chameleon is found in Africa. Its power
to change its color has been mentioned. It has a laterally compressed
body, with a prehensile tail. Its feet are fitted for climbing by having
two toes on one side and three on the other. The two eyes can move
independently of each other, and the tongue can be darted out four or
five inches after insects.

The Homed Toad.— This is a lizdrd with a broad, relatively short
body, with spines on the back of the head. It is found in the dry
regions of the Western and Southwestern states.

'imm^"^-' 'i*t^m>imm:.

If?

'I

Fig. 124. The Gila Monster.
The only poisonous lizard. — From Kellogg's Zoology.

The "Gila Monster."— This is the largest of the lizards foanci in
the United States, being about eighteen inches long. It is found cm
New Mexico south and west. It is brown, with red m.irkings. Its
bite is poisonous, though seldom fatal to man.

The Iguanas.— In Central and South America and the West Indies
are found the lizards called iguanas. They are about three feet long,
and are found on the lower branches of trees. They are used as a food
by the natives, and are said to be excellent eating.

The Monitors.— The monitors are found in Africa, Australia, and
the East Indies. They are the largest of living lizards, being five or
six feet long.

Differences between a Salamander and a Lizard.— Salamanders are
commonly called lizards. The two animals have a general resemblance
in form, both having elongated bodies, with two pairs of limbs and a
long tail. The following tabular statement shows important points of

difference :
—

Sai^mander (Amphibian).

Smooth Skin , .

Unarmed Toes , .

Present in young Gills . .

A metamorphosis . . . , , Development

.

Lizard (Reptile).

. ... Scaly

. . With chw^
No gills at uny stage

Young like adaiJ
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Locomotion of Snakes. —The chief mode of locomoHon in
a sinuous line is so well known that a double curve is desig-
nated as " serpentine. " It should first be noted that along
the whole length of the ventral surface is a series of broad,
overlapping plates,— the scutes or ventral plates. By
means of these the snake "gets hold " of rough places, for
on a perfectly smooth surface it can make no progress. By
the winding, wavelike motion of its body it both pulls
and pushes itself along. The absence of limbs enables it

to glide through grass and weeds and into crevices and holes.
Snakes also glide along with the body straight. This is

accomplished by rhythmically drawing the ribs and scutes
forward and pushing them backward, or, as some express
it, by "walking on the ribis."

Food of Snakes.— Snakes are carnivorous and take only
living prey. This they swallow whole. The constrictors
wind the body around the victim and crush it. Our com-
mon black snake (blue racer) is a good example of a con-
strictor. Our commoner snakes feed on toads, frogs, birds,
etc. Garter snakes sometimes eat earthworms. Water
snakes catch fish, frogs, and other aquatic animals.

Process of Swallowing.— Birds are usually swallowed head
first. If the snake catches a frog by a hind leg, that part
leads the way in. The backward-pointing teeth prevent
escape. The two halves of the lower jaw are alternately
pushed forward and drawn backward, and the victim is

thus slowly drawn in. Meanwhile the salivary glands
lubricate the object.

The Organs of Digestion. — The gullet is as wide as the
mouth, and there is no constriction or line of demarcation
between it and the stomach. The posterior end of the
stomach is glandular. About halfway back in the body

!*B3="r^



cavity the stomach ends
and is continued into
the intestine, which
pursues nearly a
straight course. Near
the posterior part of
the body cavity it

widens, forming the
cloaca. Alongside the
stomach is the long,
narrow liver; from its'

hmder end the bile duct
extends back to the bile
sac, and from this a
duct empties into the
intestine a little way
back of the stomach.
The pancreas, a pale
roundish organ, also
pours its secretion
through a duct into the
intestine. Digestion is
a slow process, as might
be guessed from the
condition in which the
i^od is swallowed, and
the snake lies stupid
and inactive for a long
time after such a
"bolted" meal.

How the Snake
Breathes. - The right
i^ng is long and nar-

Rcptilia.
t
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row, and continues back, as a transparent air sac, through
most of the length of the body cavity. The left lung is

rudimentary, sometimes being so small it is difficult to see.
The windpipe is long, beginning very close to the front of
the floor of the mouth. This is regarded as an adaptation
to the mode of eating, so that the snake may not be suffo-
cated during the long and tedious process of swallowing.

Circulatory System.— The heart beat is slow and the
circulation not very active. The heart continues to beat
long after the head is severed. The temperature of the
blood varies with that of the surroundings.

Excretory Organs.— In the posterior part of the body
cavity are the two long, slender kidneys, whose ducts open
into the cloaca.

The Eggs and the Young. — Eggs are produced in two
long, narrow ovaries; the oviducts also open into the
cloaca. Some snakes deposit their eggs in the earth,
though probably a majority bring forth the young alive.

Senses of Snakes.— Sight and touch are fairly well de-
veloped, though a study of snakes does not reveal a keen
sense of sight. Some snakes are affected by music, show-
ing a sense of hearing. Of their senses of smell and taste
we know but little.

Adaptations of Internal Organs to External Form. — We
have seen how the external form is adapted to the mode of
life. Let us now see how the internal organs are fitted to
the necessarily long, narrow space allotted to them. In
the first place the body cavity is so long chat a moderately
long digestive tube is accommodated without the necessity of
coiling it, as in many animals. But one lung is developed,
and that one is long and narrow, whereas our bodies admit
of two relatively wide lungs placed side by side. The liver
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antidote, a hypodermic injection of permanganate of potash
(i to looX is by many now preferred to alcoholic liquor. In
India the cobra kills several thousand persons yearly.
(See The American Natural History. Hornaday.)

How Snakes protect Themselves. —( i ) By their color,

(2) by flight. (3) by their odor, (4) by their poison.
Many snakes are colored so like their surroundings as to

be decidedly inconspicuous, and this is of advantage both
in escaping enemies and in

securing their prey. By their

noiseless mode of locomotion

they can, unobserved, ap-

proach a victim or elude a

pursuer. We are so familiar

with their stealthy move-
ments that we are not sur-

prised when we learn that

the words snake and sneak

are of the same origin

;

nor do we wonder that there

has been a long-standing
enmity between man and serpent. Yet the majority of

snakes are entirely harmless, and are as much surprised as
we are when we " meet by chance." Many snakes have a

disagreeable odor which probably serves to protect them
from some enemies. Lastly, the poisonous snakes use their

poison to secure food and to protect themselves. Amon^^
the enemies of snakes are to be reckoned several kinds of

birds, such as the shrikes and hawks, hogs, wild and domesti-
cated, bears (occasionally), and various other animals.

Molting. — At least once a year snakes shed the epi-

dermis over the entire bo'ly, even over the eyes. During
this process they are dull-Cv. >red and inactive.

Fig. 137. Di-sECTioN of Head of
Rattlesnake.

Showing fangs and poison sac (/). — From
Kingsley's Comparativi Zodlogy.

fi. 1^

mm^^f^
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DIFFERENCES BETWEEN A SNAKE AND A "CLASS
o SNAKE." ^LAbb

Glass Snakr.

.f^.7u Movable lids

^°"«"*^
Not extensible

^' ' ' Visible externally

Snake
No lids ....
Dilatable . .

Extensible . .

Invisible externally

^:°t?P'^^" Ventral scale,
-"'« externally

Short, strong .... ^ .,
Small

Absent *
' I*,.

„,''' • Long, brittle
Lateral groove

p^^^^^^

THE TURTLES.

the dorsal one being caHed^^ L " '*° ^ony shields,

the plastron. The caranacf , „T"""' '"'' '^^ ^'"'^'''•

spines of the tlora^rveTeb . r.^ 2 "'l'^'"^
""''"^''

widened and grown toJe,herT;d ai al ' ?''" *"""'

plates. There is no brfas.b„;e b„ ^^'e","^1 T^'^fof a set of bonv olat*. n„.i,
P'astron is made

covered by a set of h„;nv
.""^P,^"* ""'' P'""™" »«

coincide with the undT: '"l""""
'"^^'" *'"<='' ^o not

shell •• of commereel ma^ . .?^
""'"'• "^"^ " '"^oise

hi. sea turt:rnrnirh:l'^,er ''-'- " '^'

There are no teeth, but instead the iaw, »r. u
neck and tail are the only mov b e partTo? [hT !column, and these, with the legs can ^J-.ua

'""*'

to be protected by the shell f:,T v T'"""'**" ^^ »»

'» a hinge in the';l'a:tro: to mat ^TlZlT ""="

complete by closing the shell. The sea tur ll k"" "T
<^les while the land turtles have feet wTthm

",""'

-caught in t.wes:!;zrShC:rt.';-r-

*!

•i-f I' !"« •'^2^ ''/w -i,-
''

. •-ii'iwkt'^s^iwj'j'Sfmiimgamiswii^jii^^iPV'
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ashore to lay their eggs. Among the more noticeable of
our inland turtles are the fierce snapping turtle, the soft-

shell turtle, and the " gopher " of the South, which burrows
in the ground. The terrapins of Chesapeake Bay are
noted for their quality as food. All turtles bury their eggs,
and our northern forms all hibernate in the mud.

THE ALLIGATORS.

General Features.— The alligators and crocodiles are
like lizards in general form, but differ from them in several
important points. They swim well by means of the verti-

cally flattened tail. The skin is covered with horny
scales, those of the back having corresponding underlying
bony plates. The teeth of alligators are set in sockets,
which is true o" no animals below it in scale. The heart
is also more complete tluki in the other reptiles, having a
complete partition separating the ventricle into two parts.

The temperature is about that of the surrounding air or
water. The brain, though more highly developeu th^.; in

other reptiles, is small relative to the size of the body and
the skull. The alligators have a muscular, gizzardlike
stomach. The young feed on fishes and small animals,
but the full-grown alligators seize mammals, for which they
lie in wait at the edge of the water until the animals come
down to drink or swim. The nostrils, eyes, and ears are
Uc the top of the head, so these reptiles can lie concealed,
with their main sense organs extending into the air to

discover their prey ; they very much resemble a stranded
log. The nostrils can be closed by a valve, which is

done when a victim is dragged under water to drown.
Alligators dig holes in the banks, in which they lay their

eggs, which are sometimes as large as those of a goose.
The alligators of our Southern states grow to a length of

lii-^

^:^r^'
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ten or twelve feet. Alligators arc confined to the western

Crocodiles are found in both the old world and thenew. One spec.os is found in southern Florida.
Bxtinct Heptller-In earlier eeoloiric aire, r^n.iimore numerous than at present v.? f^ ^"' ''"*' ''^'y '""^h

but there were more k.nds and ,nn 71 """" '^''^ '""^'^ •'•''""^•»"''

eighty feet in leneth S.1' r^ ""^ '^"" ^^'"'^ '•'^«'^' ""'"e being

many of these andent repU es in [h"" ^^^^ '° ''"'^- "^'"^ '-^"^-^ °f

have often been c^Hed"S r 't^cks "'T T'^'u
'"" ^°^^' ^"^

able were the flying reptile, Thl ^'^' '''" '"°"^' •^'"•''^''-

batlike in appean»ncc The remain' '?,f
"P^"''^^ ^« ^ave been rather

in many par's ofThe world ancHr" '", ^^''" '"^ '"""^ '" ^-<^'^»

lent is caLd by ^:i:^z^^z:^^:Xr^'^' ^''' '""^^ ^^^^*-

General Characteristics of RcDtlHa Por.fi
blooded vertebrates, covered'^rtl^e^^^X: Toes"are present they end in claw« Th.,„ •

after leaving the egs The;^
2""''"° """'"'"'P^o^i^

life R^„«L J
,"''"= ="^'= »"&""• at any stage offe. Reptiles produce large eggs which are covered bv atough hmy or leathery shell. Some reptiles are ovovrnparous. Reptiles show a decided advlnce bevond-nph.b,ans in the development of the nervous s^em'

rfte:'L':rregra:d tz''-' r'"^ "^ '""«^'

-^.^..eVofh^rg^^^^^^^^^^

CLA' IFICATION OF REPTILIA.

r Order i. Squamata. |
^^^^'"'^"^— Wizards.

Class Reptilia. L^ ,
^ Ophidia— snakes.

Order 2. Chelonia— turtles.

Orders. Crocod ilia— alligators.

«WW«MBrff1"T«1ll'*'
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CHAPTER XIV.

BRANCH CHORDATA.

CLASS AVES.

Example. —The Common Pigeon.

Adaptation for Flight.— The pigeon is fitted for flying

:

(i) by the wings, which, with their wide, strong, yet elastic

feathers, are air paddles' of marvellous efficiency; (2) by
the powerful breast muscles which move the wings; (3)
by the Ughtness of the skeleton

; (4) by the air sacs through-
out the body, which render it more buoyant; (5) and, not
least, by the shape, being double pointed, so as to penetrate
the air with the least resistance.

Structure of a Feather.— Let us consider the structure of
one of the quill feathers. It consists primarily of two parts,

the shaft and the vane, or flattened part. The shaft is solid

so far as the vane extends, but the basal part is hollow, and
is called the quill. The two sides of the vane are unequal
in width, and the feathers overlap so that the wider side of
the vane is beneath. The vane is made up of side branches
called barbs, arranged in a close row. From each side of
each barb arise secondary branches, called barbules ; and
the barbules of adjacent barbs interlock by little hooked
ends, so that the whole vane is firm.

Feathers are developed from papillae of the skin. In a
growing feather it can be seen that the quill is full of pu'*

supplied with blood. In the fully developed feather the
ao8
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dry. pithy remains of tliis pulp are found in the quill, which.s now narrowed at the base, but sUll shows an aperture

of^he«-fnTr~?r T """ P™"P^' "'"<"
01 leathers. (,) The 7 .% found on the wings and tail
(2) The c.„r<mr /e.,/:.rs. which have the same general

the body. They project t;)- body from bruises and M.„from cold being the very best of'non<o„durr; of heatThe,r mode of overlapping serves admirably for sheddingm and for retaining the heat when flyin/thro gh coWa.r
(3) Downj, /eatiers. which differ from the above n

the e::rt^i :
.'"'^

'rr' "'^^*" ^y "-"^ed barbu; -^

hlr tV VT """ ^^^'^"- *«" ^"it«d for retaining

feathers where we should expect to find them. The youn
'

Iter the n
'-^

,"f
'"'=' ""'^'""^ '"'"ers, usuallv left

bv s ntinf"th'
P'"^''^'^':"'' --"y removed from fowls

troTbTrfs at^tX "" '-^^ "^ '-"- ^^ '^ «"'«=

Wstributioii of Feathers. -Feathers are not evenly dis-nbuted over the surface of the body ; but there are c4ainareas from which they grow, and certain other areas fomwhh feathers never grow. By separating the feathers o"a bird s breast it may readily be seen that no feathers de-

n" k'lr y^'"'-'- "- places on the sides of theneck and m other places; but the length of the feathersand their mode of overlapping cover these bare spots sothat most people hardly know of their existence

IfThe fi
?' / ""• ''"'""'• ^"-^ "and. The similarityo the first and second of these to the corresponding partof our arms is so evident that it needs no explanation The

! 1
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Fig. 128. ExTKRNAT. Features of a Bird.

From KjeUogg't Z^Ufy.

'^'S.. ^;^ •-.-t .**Ti '^i;.
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front angle of the wing, „r "bend of the wing" as it iscalled, corres,,onds to our wrist • h„f fh„ t,
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Z'f

those supported by the forearm are the seconll. Tsome cases a few of the inner feathers of Thf
called terti;,r,Vc Tu •

^^^thcrs ot the forearm are

.gfrtr^d.r,7rnt=g-s"^---
an^rJS "TstidTn[^.^ ^^h "^^"^'^ "
muscles. These we find in the breast The 17. Tl^

between the body of the brelstbonfand the keel andattached to both, there is on each side th» i

'

^a) the w.der s.de of the vane of each quill is on the undl;
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side, so when the wing is struck against the air, the resist
ance presses the vanes together in one continuous layer,
through which the air cannot pass. The result is that a
strong " push " is made against the air, and by reaction the
bird is propelled upward or forward according to the direc-
tion of the wing stroke. In seeking the muscle that raises
the wmg, one would naturally look on the dorsal surface in
the region of the shoulder ; but, oddly enough, the muscles
that raise the wings are also on the breast. Every one has
noticed in the well-cooked breast of a bird that the meat of
the breast separates into two parts, the outer part being
large and flat, the pectoral muscle just described. Inside
of this, lying in the angle between the body of the breast-
bone and the keel, is a slender muscle, somewhat triangu-
lar in cross section. This is the subclavian muscle. At
Its anterior end it narrows into a tendon, which passes
up through a hole left between the bones that make the
shoulder; the tendon then turns and is attached to the
upper (dorsal) surface of the arm bone (humerus). When
the subclavian muscle shortens, this tendon acts as a pulley
and elevates the wing. In raising the wing it is desirable
that there should be as little resistance as possible. This
condition is secured (i) by the convex outer surface of the
wing; (2) by the fact that pressure on the outside of thewmg separates the quills and allows the air to pass through
with very little resistance.

The Legs and Feet.— The pigeon is a model flier. It
uses the feet but little, hence the legs and feet are small
and weak. Heavy legs and feet would be to the pigeon a
useless burden. The hind limb consists of three parts
thigh, leg, and foot. The true heel is some distance from
the toes, where we cut off the foot in dressing a bird. The
part between the toes and the heel, usually covered with

i»A. r
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ing backward and having two pints. Of the three fronttoes, the mner has three joints, the middle four and th.outer five. Each toe ends in a claw
' "'^

an!l'
K°"»'^ ^ """'' "'*' '"* "'P J"'"'' ^--e not only far

surface Tr:\'^\°"^ """' "='"« -" "'"d-surface This enables the body of the bird to swintr h^tween ,ts two points of support, somewhat likeln ice
p tcher on its two pivots. Since the bird is ob g!d to mIts head to the grou:,d so frequently, the conven ^ce nf T
arrangement is apparent. When we stoo^^e real ze th '^we are awkwardly built for such a positio7 iTtuld afirst seem that the bird's center of gravity is too f^rl I
but the length of the toes must be'tale^ S^o accl^r""'

Perching. — It is to be noticed that when a bird's le^ i.

samrti::,r'T:'°"d'""'^'"'^
">« aredenched ^thsame time. This is due to the action of a tendon thatpasses over the joints of the leg in such a way that when

Ls Te Led"' %' '^h'"" i.^T "" " ^'"'" -<» '"-toes are flexed. So when the bird settles on its perch thetoes grasp the perch without active muscular effor tWshelps answer the question, " How does a bird stay securelyon Its perch when aslppn?" Xk " »i«i> securely

whirh th. k; 7 ! ^ ^^^""^ ^""^ ^^^o muscles bywhich the bird can voluntarily clutch without depending onthis purely mechanical arrangement.
^

The Hgeon's Shoulder Braces. -With such strong nulling as the breast muscles give the wing, it will be seen 'hathe shoulder needs to be firmly brace! especially agafn

of the wmg. In the first place, the shoulder is bracedlike our own by the collar bones, or clavicles, the two coHar

^T kedtir n."^^'^'"^"
'^ ^^^ anterirendthe iceel, together makmg the "wishbone." In addition

fer^"
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to this brace there is an additional bone alongside of each
half of the wishbone, the coracoid bone, much stronger

than the collar bone itself. On the back the shoulder is

braced by the strong, curved shoulder blade.

To st'-engthen the body for the work of flying, the verte-

brae of the trunk are consolidated, the only parts of the

spinal column that are flexible being the neck and the tail.

The Head and Neck. — In many birds the beak is the only

organ capable of being used for grasping, hence the long,

flexible neck, wiiich makes up for the above-mentioned
stiffness of the crunk. The bird must be able to reach the

ground, hence the length of the neck is proportioned to

that of the legs ; the head must also be able to reach any
part of the body. Some birds have as many as twenty-

four cervical vertebrae. In many birds the head must be
darted forward quickly to secure prey or in defense. The
horny beak is strong, yet light, and serves as a hand in

picking up small objects. Because of the quick motion of

a bird's head, as it picks objects out of the dirt, soft lips

would be too delicate. A head that requires such quick
handling needs to be light ; and in keeping with this re-

quirement there is an entire absence of teeth in all exist-

ing birds, though in a few cases rudiments of teeth are
found in the embryo. In the plucked bird it is found that

the neck is more slender than would appear from the out-

side, the feathers filling the angle between the neck and
the body, and making on the exterior a gradual transition,

where in the bare bird there is an abrupt change.

The Pigeon's Food and Digestive System. — Pigeons feed
chiefly on grains and other seeds. These are swallowed
whole, and pass into the crop, an enlargement of the gullet

situated in front of the breast. Here seeds are moistened
and well soaked before they go farther. The crop serves

.4 •*
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two very distinct Dlrts t «" '

*'"'='' ™"''^'' "'

gizzard. The lza,Tu V
*-" '""'"'' '^ ^""^^^ ^» 'h«

walls. In it the seed, 7 ''"'"^- ""''"^ '^'"^ '""^^"'"r

.round. T:a\':.\ rXts'ir^^^^^^^ ^ '° -
" '^ clear, therefore, t^h. ^1^'wT^LrIXt

FIG. I^. INTERNAL ANATOMV OF A PiGEON.

Srto:tr:;;tii«ef'r ''^^^' "--'"^^ -
where the secretirjl

'" «,l"gher up the dige.stive tube

grinding stomach ThV'f •

'""" "P™ '"^ f°"<l '" '"e

first there H k'„ .o"^,'; rj^r""^ '"" '«^ ^iz^ard;

pancreas. Its secret^:
"""•

'" """<^'' "«^ "-e

The liver is adiacenf' ^ .!! ^^^ '"'" '"^ duodenum,

duodenum Thelran^,'
'": ""'= "'"=' -'^"empties into the

iarge intestine ,sJi,r7K"
""^ "'" '™="' '"'"''"« '<> "'«

g intestine ,s marked by two small, blind side branches
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the ceca. The terminal portion of the digestive tube is

widened, and is called the cloaca. It receives three sets of

products, (i) the residue of digestion, (2) the eggs, and
(3) the excretion of the kidneys.

The Circulatory System of the Pigeon. —The circula-

tion of blood is very rapid in birds because of their great

activity. The j jart is proportionally large ; it is com-
pletely divided into two halves, so that the blood moves
through one half of the heart from the lungs to the body,
and through the other half from the body to the lungs,

being pumped twice in the circuit instead of once as in

fishes. An important point to note is that the aorta turns

to the right instead of to the left as in our bodies.

How the Pigeon Breathes.— Respiration is exceedingly
active in a bird. Imagine yourself taking such violent ex-

ercise as that required for a bird to fly through the air at

the rate of a mile a minute. Would you not be "out of

breath " ? The bird's lungs are of fair size ; in addition

there are air sacs in all parts of the body, communicating
with the lungs, the bronchial tubes continuing on through
the lungs into these sacs. The lungs do not lie free in the

body cavity as in our bodies, but are attached to the dorsal

wall, fitting closely between the ribs. The air sacs are also

in communication with the hollows of the bones, v.hich

adds to the buoyancy. The temperature of birds is higher

than that of any other animals, being about 110° F.

The movements of respiration in birds is peculiar, in that

expiration is accomplished by active muscular effort, and

inspiration by elastic reaction, — just the opposite of the

processes of our bodies.

The Excretory System of the Pigeon. —The lungs serve

us organs of excretion, throwing off carbon dioxid. The

^ V.
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The OU Gland.- On tl.. rump, at the base of the tail istne conica' oil e-IanH if ;« ^ i , .
"' ^*

the bram and spinal cord in some of the smal2 Zf^lrs: '"''-' "-""«- "^ '"^ wei^^rrint;
The Senses of the Piffeon fzi^u*. • ..u

develoDed nf th. V ^. ^ ^^^ '^ *^® "'ost highlyueveioped of the bird's senses. The eve is verv inm-t •

proportion to the size of the head Th. ^. ^ '"

(scle^ticW .He eye is stre^Tntd b'y^tir^jr

deJdoVed""Th^'""^"
''"^^' ^'^ ^""- -r b-ng well

tng ro tne t>mpanum is easily to be found hart «f *k
eye. though usuaily more or less'conceald 1^ L^he" T^sense of touch is general over the body Tastl il.

that birds, especially carrion eaters, have a keen sense of

I



lim
218 Descriptive Zoology.

"1*

V-l-

in

smell, yet experiment seems to shov/ that this is nc;t sc
acute IS supposed.

The Plgeon'8 Voice.— The cooing of the pigeon is pro-
duced by air vibrations made in the windpipe, but not, as
in most animals with a true voice, in a larynx at the upper
part of the windpipe. In birds the organ of the voice is at

the lower end of the windpipe, where it .orks to form the
two bronchi; and it is called a syrinx instead of a larynx.
The bird uses the voice to utter cries of warning, to call

the young, and to attract attention in the mating season.
It is worthy of notice that the sweetest singers are not to
be found among the highly colored birds, but among those
of more subdued tints.

Origin of the Domesticated Pigeon.— All other varieties
of domesticated pigeons appear to have descended from
the rock pigeon of tl... old world. By carefully selecting
pigeons having certam peculiarities, and breeding from
these to the exclusion of other forms, in time we have
produced a large number of varieties of pigeons, known as
carriers, pouters, fantails, etc. This production of vari-

eties by interfering with the natural selection of mates is

known as artificial selection.

A Bird's Egg.— Birds' eggs are proportionately large.
This might naturally be expected, since there is deposited
within the egg sufficient nourishment to form the chick in
resemblance to the adult. The eggs are formed in the
ovary, and it is interesting to find that but one ovary (the
left) is developed, though the right ovary is represented by
a rudiment. The eggs as produced by the ovary consist
simply of the yoll:. On one side of the yolk is the germ
spot. As the yolk, which is the real Q.gg, passes along the
oviduct, it has added to it first an enveloping mass of

transparent substance which is termed the " white of the

1- • y ..
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egg," or albumen. The worr? '«aik..«, .. ,.
white) now stands for the cto of Lh f" ^T """""•

same essential composiUon Is h/ ,

'" *'""•« "-^

After the albumen is adTdV he vot'Th
""' f '"' "=««•

a limy shell which compete the eiT:""'"'
'""'"

the oviduct through the cloaca on tteirwa;„';,f
""" '""

Incubation. -Most birds incubate the ee^,
'

Th»niet.mes laid on the bare ground, but generaliv ,1
^^ ""

.he oriole, woven oftatl'd'UfC o'^rftir'
"'

.ngenious nest of the tailor bird 1, T,' L ! u
"""'^

nest is " simply a cradle and not a homl"
""'" '"" ""=

devdoUreJo;'::j^ther ."?"""''''• - '^- ">-

incubaiing bird ^Du^Hnl v,'"
''""" "'^ '""'y "' ">e

i" .he amlmt of bfo '"clltgl 't':"
'' "" '""'-•^^<=

with the eggs a provision f«^. ^ "''^ '" ™""'rt

Th. r», .
P™^'^'™ for affording heat to them.The Colors of Birds._ The colore „f f .u

two factors, first to certain . t

''"'"' '"'"' ''"^ t"

and second to he tr uretf'^ T'^' "' P'^-<=»'''

us.ra„diridesce„c:Xa" „; t. " "T "^'^'^
birds are highly ornamented Th. Z ,

^ "^^^^

highly omamentec. Thanlhe felT T ^^^''^ """«

-e young gr„;::;;\-::;TeZ :^Car- ^-•

year, it is u^ua y in ht Tal b";!" 'JT
""' ""'^ ^

.heir plumage in Ls"'r':l;;:,3,^;;f ''" T"molt. Most birds shed their w^ng ouills „
' " ' "^''•''

sively, so that thev ar. .< 7- ? '" P^""^' ^ucces-inat tftey are at no time deprived of the use of
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the wings ; but the ducks shed their wing quills all at once
and for a time are unable to fly. Some birds shed the
claws, and the puffin sheds the outer covering of the beak.

Migration of Birds.— Comparatively few of the birds

that we see during the year reside with us permanently.
If one makes a list of the birds that remain through the
winter, he misses many of his summer acquaintances. The
crow, jay, nuthatch, chickadee, some of the woodpeckers,
several sparrows, the hawks and owls, and a few others

are left, when the rest have flown southward. Why do
they go } The common answer is, " Because they cannot
endure the cold." But if one examines the feathers he
finds little difference between the robin and the jay, or the
bluebird and the sparrow. It is chiefly a question of food.

The robin and the bluebird I've mostly on insects and
worms. As winter approaches these birds can no longer
find this sort of food in northern latitudes, and they seek
a warmer climate, not so much because they cannot stand
the cold as because insects and worms cannot stand the
cold. Woodpeckers are insectivorous, yet remain; but
they can get the larvae from the trees about as well dur-

ing the winter as in the summer. The large majority of

the birds that remain with us during the winter are either

seed-eating birds, like the grouse and sparrows, or car-

nivorous, as the hawks and owls. Some are omnivorous,
like the crows and jays. Some birds, such as the swal-

lows, are very regular in the times of their migrations.

Others are irregular, and some birds migrate or not,

according to varying conditions. We must keep in mind
the bird's marvelous power of flight ; in a short time he
can cover a very great distance.

Parasitic Birds. — Perhaps the most common example
of the parasitic habit is seen in the common cowbird.
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It lay, it, egg. in the nest, of smaller birds. The egg,being larger than tho« of the owner of the nest, recefvethe most heat, and are likely to hatch first and preven thedevelopment of the rightful heirs; thus the u urpc sueceed,. Our euckoo build, it, own net and should not beconfused with the English cuckoo, whose bad re^ ta i^n Usometime, transferred to hi, American namesake
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CHAPTER XV.

BRANCH CHORDATA.

CLASSIFICATION OF AVES.

Existing birds are divided into two great groups. All
flying birds have the keeled breastbone, and from this fact
of structure are placed together in the division Carinatse.
meaning " keeled." The ostrich has no keei on the breast-
bone, hence is placed in the division R. *tse, from a word
meaning " raftlike," refeirring to the shape of its breastbone.

DIVISION I. — RATIT/E.

The best-known representative of this division is the
African ostrich. It cannot fly, the wings being small ; but
it is a swift runner, equaling a horse in speed. Thfe breast-
bone is not only without a keel, but is relatively very small,
as might be expected since there are no large fiying
muscles. The feathers on the wings and tail have no
booklets on the barbules ; the result is a plume instead of
a firm vane as in the flying birds. These plumes have
been valued as ornaments from the earliest time, and now
the rearing of ostriches for the plumes is an important
industry in South Africa and southern California.

The ostrich is also noteworthy from its size, being the
largest of existing birds, standing from six to eight feet

high. It has but two toes on each foot. In the same
division are also the South American ostrich, the emu
of AustraUa, the cassowary of Australia and the Kast
Indies. The kiwi of New Zealand has bristlelike feathers,

222
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so that it appears to be covered with hair anH fktnls open at th^ f,v. «f *u 1 ,
' ^"° ^"^ nos-f^n dc tne tip of the lone* beaW Tk« d ..v

" overgrown degenerate h.Vrlc .k! ^ ^^^'^^ ^'"^

FiG. 130. SOUTH AMERICAN OSTRICH.
From Kingsley's Z^A,^.

thersS^^^^^^^^
'^:f

'T ^-^' '-"^eed. and lost

(Parker)
^"^ almost lost their unexercised wings"

DIVISION II.-CARINAT^.
This division includes all flying birds All of fh. k- ^in this Dart of th^ «, u °* *"^ birdspart of the world are carinate. The breastbone

i
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is large and keeled to support the flying muscles. The
barbules have hooklets which unite the barbs, forming a
firm vane. The Carinatae are divided into a number of

orders.

The Diving Birds.— The diving birds have webbed (or

lobed) feet and are. expert in swimming and diving. The
wings are usually small or rudimentary. In many the tail

is rudimentary. Our local examples are the grebes and
loons, though these are

little seen except by the

field naturalist, hunter, or

fisher. Their legs are set

far back in adaptation to

their main use, the result

being that they must stand

upright and can hardly

walk. The plumage is

thick and well oiled, to

fit them for diving. Water
does not penetrate be-

tween the feathers, so the

skin is not wet. The
grebes have lobed toes

and are about the size

of our smallest ducks. They dive like a flash when
alarmed, but it is not true that they can dive between the
flash of a gun and the time that the shot can reach them.
The grebe is commonly called " hell-diver." The loon is

our largest diver. Its peculiar cry, sometimes resembling
a hysterical laugh, has given rise to the expression, " crazy
as a loon." The loon does not try to escape pursuers by
flight, but dives and swims long distances under water, so

that it is seldom shot

Fig. 131. Pied-billed Grebe or
Hell-diver,

From Eckstonn's TAe Bird Book.

T^MM^ %
amm. mM^
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Fig. 132. The Loon.
From Eckstormi Tkt Bird Bock.

The penguins are correspondingly characteri<;f.V ^f p .
gonia and the Antarctic regions Thpt

^^^
and paddlelike, and

''' ""'"^^ ""'^ ^'"^^

are covered with scale-

like feathers.

The Long-winged
Swimmers.—This
group includes the
gulls and terns. They
are web-footed and
have long wings and
tail, with remarkable
power of flight. They
occasionally rest upon
the water, coming on
shore only to lay their cp-p-q tk^.

Fig. 133. Herring Gull.
From Eckstorm'i The Bird Book.
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who has taken a trip by steamer has watched them and
wondered at their tireless flight. The gulls have hooked
beaks, while those of terns are pointed and nearly straight

;

in both the bills are often bright-colored. They feed chiefly

on fishes, but some are scavengers, following ships.

The Tube-nosed Swimmers.— To this order belong the
petrels, which resemble the gulls except in having the nos-

Fig. 134. Petrel.

From Eckstorm's TAe Bird Book.

trils open as two parallel tubes on the top of the beak.

Perhaps best known, or at least most read about, are the
stormy petrels, or "Mother Carey's chickens." Closely
related also is the albatross of the southern hemisphere,
which has a spread of ten feet.
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The Totipalmate Birds.— As th*» no,«« • j-
birds of this order have ^Z/t^t ^eeT llt^tVare not merely two webs between the toee front

^'

TJitTri' ^''"-''' "'^tbutThe' tin;::full webs, the hmd toe being connected by a web with th\

Fig. 135. The Cormorant.
From Eckstorm's TAe Bird Book

menfof the tH T"^««="^'''
The cormorant has a rud .-ent of the throat pouch so conspicuous in the pelican
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In the East Indies the pelican is tamed and used in fish-

ing, as is the cormorant in China.

The Ducks and Geese.— These birds have webbed feet,

with heavy, oily plumage. The body is flattened, and all

are fine swimmers. The bill is frequently broad, with a
sort of saw edge. The tongue is fleshy. In the geese and
fish ducks the bill is narrow. The swans belong to this

Fig, 136. Head of Pelican.

From Eckstorm's The Bird Book.

group. Our domesticated duck closely resembles the wild

mallard, from which it is descended. The downy feathers

are much used for pillows, etc. Some ducks dive well,

and live largely on fish, which diet gives their flesh a rank,

fishy flavor; but the fine flavor of the canvasback is

thought to be due to the wild celery on which it feeds.

The wood duck, and a few others, are exceptional in

nesting in trees, though, of course, near water. Ducks and

'

'

': ^:a *JL W"' '

'*^' '^ m^^m^^f^m^
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geese attract attention by their mifration in large flocl<sespecallym the spring. But theirformer vast numters havebeen reduced, mainly by those who shoot themtrtarttAll the above^escribed orders are often classed togetheras the " swimming birds
" '"fcctner

atr/r-;-" '-''"'' chiefly^X
«

' X'are fitted for wadmg, not only by their long legs, but also

Fig- 137. Wood Duck.
From Kingsley's ZoSlogy,

me tibia. The long neck is ordinarily kept bent in an

Amor'th"e''hr
"^

^"'*J^
""'=" ™' - -'-"-"

tte rfvers and ? T ""= •"« ""^ heron, seen along

driver th.K.T''''
""= "''''^ ^^'^'' ">« bittern or stakfdriver, the mght heron, and the little green heron In the

Stfsrme'^r^ "--' -»""— «»-~h
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The Cranes and Rails.—This group also consists of marsh
birds, usually with long legs and necks. The cranes are
large, the white or whooping crane having a very long
windpipe coiled in a hollow in the breastbone. The rails

are smaller birds, not larger than a hen. These are seldom
seen except in reedy swamps. The coot, or mud hen, is

common in marshes and reedy lakes ; it has a bill like a hen.
It is an excellent swimmer, but has lobed instead of webbed
feet. The flesh is rn^her rank ; but as ducks are becoming
more scarce, the coot is not unfrequently substituted.

The Shore Birds.—This order includes the snipes, plovers,
etc. Like the two preceding orders, its members usually
have long bills, neck, and legs. The three orders are often
spoken of together as the " waders." The long, slender bill

is often soft and sensitive at the tip, to fit it for probing in the
mud for worms. Several of the snipes are highly esteemed
by epicures, especially the woodcock and "jacksnipe."
The plovers are found rather more on dry land ; they

have no hin'l toe. The golden plover is often seen in large
flocks during its migration, and nearly every one knows the
killdeer by the cry from which it gets its name.

The Gallinaceous Birds.— The Galling, or fowls, have
robust bodies, well-developed legs, strong, blunt bills and
claws. The hind toe is elevated, that is, is attached higher
than the other toes. They are poor fliers, having relatively
short wings. They are e«?sentially ground birds, none
making their nests in trees. They feed chiefly on seeds
and grains, the crop and gizzard being well developed.
On account of their plump bodies and the excellent quality
of their flesh, they are valued as food. Other animals than
man prey upon them; and as they live on the ground,
where prowling enemies can gain easy access to them, we
should expect to find them colored for protection; and, in
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though beari ia foreLn n J""^
"

"
"'"'^<= American,

tected by law.
^ "^" properly pro-

^c^^^^^Zl^-^r'^T 'r
•" "<=-'"'^- On

stands. It makes alouHn'^K".*''""
"""^^ f"^"' ««'

(drumming" ''^ """""^ its wings rapidly

-c:„frStxr.a:x;x%^^^^^^^
protected by law eleven month^f the year Xv"^'doomed to extermination. They lack tL ^,

^ f*™
quail, and their si^e is a disadyamate 7^"'"^. "!

'""

bare colored spot on each side ofthe neck tV'~^ «"' "

while making his booming noise n the mL,
' " ""'"'''

gives him the appearance of hi!-
"^ '**'"" »"d

of the neck.
^P*"*""^^ "* ''*"°e »» "ange on each side

The sage grouse (sage hen) is found on the W.«-

eat ::r;TfhfseZ ^.^itt^^^^
^^ensTre'ty^l"

sage leaL. wMr^icL" rC^b ttr'te s^'^^^^^'s peculiar in lacking a gizzard
''" ""«" '''°

«a°"'rfif,' "T' '"'"""'"S "' "'* g™"»« !s the ptarmi-
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232 Descriptive Zoology.

Our common fowl are descendants of the jungle fowl of

India, which our ancestors took from a wild state and do-

mesticated. The guinea fowl, peafowl, and turkey are

other domesticated gallinaceous birds, these domesticated

forms all belonging to the pheasant family. It is remark-

FiG. 138. The Rufked Grouse.

From Eckstorm's Tie Bird Book.

able that the breast muscles should retain their large size

when they are so little used. Of late, pheasants from the

old world have been introduced in various parts of this

country. The Gallinae are undoubtedly the most valuable

to man of any order of birds.

w W^L '..
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The Doves.— The doves are characterized by a soft

r: o?ztrr: ""• "^"-""^'-^ ^"^ --"--^ •

mTJ, !. „ "^ "" "'""8 "'"»• *'"• heavy flyingmuscles and small, weak legs. This is a small order Th!wid p-geon. formerly existing in countless numbers is nowwell.„,gh extinct. The turtledove, or mourning d^vehowTever, remams abundant in the Central and Western tateTfinding abundant feed in the grain fields.

h„!t'/J'^'!
" ^*y-B''-''s of prey usually have stouthooked beaks and sharp, carved claws, fitting them for

S: rnoTneIr'"" T '''-' ^"^y "" ""' "ve"gi«ard not needmg such a stomach for digesting flesh

clred a;L"%"H "f^ T' ""= ^^^^^ generally'being

maw Thtt ^''l'"'""''^^
"« "^^'lly larger than thf

trated by the hawk, the owl, and the vulture.
The hawks are the best examples of the order. Thev are

grounded prejudice against them, for, with the exception

"hernT "/".^ "•* sharp-shinned hawk, most ofthem do more good than harm, killing large numbers of

family (Falconidae) as the hawks. The so-called "bald-

thrhlnrilrare^'^iir '"k""" T "^'-"'"^"'

headed eagle •
"arpro;:^t?"^Thra''d:^ i^al^tL^tt

the emblem of this country, as he is a notorious robber

fisht t r"'"'
*"""^ =""" "="^'""g- '"' an osprey or

fi hhawk, has captured a fish; then he swoops down u^onh.m and snatches away the prize. The golden eagleTa

i 5
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The owls have both eyes facing forward. The eyes are
large, and have very dilatable pupils, thus enabling them to
see well at night. Owls have a soft plumage and an almost
noiseless flight. They depend more on stealth than on
swiftness for securing their prey. They do much good by

/la

Fir.. 139 The Marsh Hawk.
From Grinnell's Our Feathtrtd Fritndt.

destroying rats and mice. They swallow birds and mice
nearly whole

; later the bones, hair, and any other indigesti-

ble portions are ejected from the mouth. Many owls have
tufts of feathers called "ears," "ear tufts," or "horns,"
but these probably are merely ornamental. The great
homed owl is well known by its hoot, " hoo-hoo, hoo-hoo,
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«"<^»-*^'h owl Shows an i.ueresting varia-

1 was at first thought they belonged to different species

Drood. The difference seems to have no relation t age.

^^^, 'r'^^
W^'

^ "'^;

Fig. 140. Turkey Buzzard.
From Grinneir, Omk Ftatktrtd Fritndt.

sex, or geographical distribution, nor do there seem tn K«

eatls ''Th"T T ^/^'""^'^ ^''P'"^'^^. "'"^"y carrioneaters. The head and neck are usually b,re and th^ WMand claws weaker than in the above-described Lms. Many

\ .
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of them are large, and soar gracefully hour after hour high
in the sky ; but when they descend to earth they show their

disgusting nature. Yet they are useful as scavengers, and
are wisely protected by law, especially in the South. Our
only example in the Northern states is the turkey buzzard,
which has a spread of six feet. In the South is found also

the carrion crow. This must not be confused with our
common crow, which, though carnivorous, is classed with

Fig. 141. Carolina Parrakeet.

From Kingsley't Zedhgy.

the Passeres, or perching birds. The condor of the Andes
is a vulture

; though feeding chiefly on carrion, it sometimes
kills lambs and other small animals. Exaggerated accounts
of its size and ferocity are common ; measurements do not
show that it exceeds a spread of eleven or twelve feet.

The Parrots.— Parrots have a soft, fleshy, mobile tongue,
and can learn to talk. They have the toes in pairs, and
can climb well The bill is large and so strong they can

-M "
k -
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crack hard nuts Most of the group are tropical birds, asthe macaws and cockatoos, and have gorgeous coi;rsThe only example of the order found in the United States
IS the parrakeet of Florida.

The Cuckoos. -The cuckoos have the toes in pairs theouter front toe having been turned backward n thesame group are placed
the kingfishers, though
this order is confessedly a
"mixed lot" that were
thrown out of the old
group of "climbing
birds."

The Woodr ^ckers.
The woodpeckers are
typical climbers, the feel
being zygodactyl, that is,

with two toes turned
forward and two back-
ward. In climbing, the
stiff tail feathers assist by
bracing against the tree

below. The bill is .

straight, hard, and chisel- 1^
like, the strong neck
muscles using it to drill

a hole through bark and
wood after insect larvie.

When the larva is reached,

1''
't-T^ ^I

"'" '^'"'^" '™8ue, hard and barbed at the
t.p, which ,s darted out and withdrawn with force and pre-

hard?: J''^/'^''^'"''"'
fo-- projecting the tongue canhardly be understood without actual examination. There

Fig. 14a. DowNv W<joi)Pkcker.

From Grinnell's Our- FfalkereJ Friends
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238 Descriptive Zoology.

are two slender cartilaginous rods which pass backward
from the tongue under the angle of each jaw, up and for-

ward on top of the head, in some cases even nearly to the

tip of the bill. The cartilaginous rods furnish stiffness, so

that a muscular sheath can be effective. Woodpeckers do
good by destroying borers. Only one kind, the true sap

sucker, or yellow-bellied wood-

pecker, uses the wood or sap, thus

being somewhat injurious.

The Swifts and Humming
Birds.— The birds of this order

have long, pointed wings, the

primaries being especially elon-

gated. The feet are small and
weak. The swifts are well known
to every one under the name
•'chimney swallows," but they

are not closely related to the true

swallows. The humming birds

are the smallest of birds and

among the most beautifully

colored. The tongue is long

and extensible, and is used in

securing insects from tubular flowers, over which they

are often seen hovering.

The nighthawk and whip-poor-will are in this order.

They are fitted for catching insects on the wing by the

very wide mouth, the gape extended far along each cheek,

while the bill itself is small and weak. These birds fly at

night or at dusk. When they light on a branch, they

always sit lengthwise, never crosswise, and, as they lie

quite flat and are of a grayish tint, they are very hard to

see.

Fig. 143. Nighthawk.

From Packard's Zodlogy.
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The Perching Bird.. -This is tlie largest order of birds

t^s^ztrf "i"'r ""^^ '"' p'^-'-'-s. witi, .i,^e

^el most fT '"^ '""' ^'"'^^"•'- ^" "" 'he samefeve
.
most of them are "tree" birds, and are small ormedmm sized There are usually twelve tail feathers andnine or ten primaries.

The flycatchers include the kingbird and pewee. Thecrows and jays are known by their harsh voices, onmlcrous appetites, and thievish habits. They do harm byeating the eggs and young of many birds. The blackbirds and orioles form a well-known family, includTn.the parasitic cowbird, the bobolink, and meadow larkThe sparrows, or finches, are the largest family of perchers"They have stout, cone-shaped beaks, with the' "corners ofthe mouth drawn down."
"cri, or

Most of the sparrows are of
rather dull colors, streaked
gra} s. drabs, and browns pre-
vailing, as in the tree sparrow,
chipping sparrow, and snow'
bird. Still, many of these
have patches of yellow, white,
or chestnut feathers. Some
are conspicuously colo'-ed, as
the purple finch, wild canary,
or thistle bird, the indigo bird,'

and the cardinal and rose-
breasted grosbeaks.

The English sparrow was introduced into the United

caSar '^S/^^^^^''-^^'" " -"d other tree-infestingcaterp liars. The importation was a failure. It is doubtful If these sparrows do much good in the way of eatinl

Fig. 144. KiNOBiRD.

From Packard's Zodhgy,
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obnoxious insects. Certain it is that the English sparrow
drives away many birds that were very useful in destroy-

ing such insects. The English sparrow is a bold, pugna-
cious bird; he makes himself at home, but drives from
home many of our fine birds, such as the bluebird, pewee,
and wren. This sparrow, like most sparrows, is mainly a
seed eater, and does considerable damage in this way. A
further charge against him is his dirty habits.

The swallows are another interesting family, comprising

the " swallow-tailed " barn swallow, the eave swallow, the

FlG. 145. Butcher Bird ; Shrike.

From Miller's Afy Saturday Bird Clatt.

bank swallow, which makes its nest in long, horizontal

holes in steep banks, and the half-domesticated martin.

The shrikes are hawklike in appearance and in habits,

having a hooked beak and sharp claws. They catch mice,

frogs, small birds, snakes, grasshoppers, etc., and impale

them on the thorns of hedges and other trees. From these

habits they are also called mouse hawks and butcher birds.

A large family of small birds called warblers live in tree

tops, and are not well known except to those who take

special pains to study them. The sprightly wrens are

placed in the same family with the mocking bird, catbird,

and brown thrush. These last three are superb singers.

Another fine songster is the wood thrush ; though placed in
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spots, the UiltLI2t r' ^"''- *"" ''™*»
The mocking bird t morf lu"

°' ""= ''^°™ *""">•
south of the latitude ofZ T *""' """"-""S "ainly

nuthatch and cSadee rl""°"!t
°' ""= O"'" R'^«- The

feed on insects fu„dbeer,rtherf ^ "''"*^'
'"' "'«=y

hatch has the climbinthrh , ,
^^ °^ "'"' Th" "*-Climbing habits of a woodpecker, but its

Fig. 146. bl„b j^y_

toes are arranged as in percher, i, •

climber, going sideways or I?!i .i
' ""' ^'"^«"«<J »' a

ward. Among the hTghest t H T"""'''
"' "^" « "P"

the bluebird, which unfortun^.r
""""' °^ ="' ""^ds is

Centra, state;, esptia;r:':L:^t:T -- •" «"«

common. Perhaps no bird ranks hi.
' '°™"''^

organization than that bird 7. I ^ '" "' general

child, the robin.
'" '''" '° ^^^-T American
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Fossil Birds.— In rocks in various parts of the world

have been found remains of various extinct birds. Some
of them were larger than any existing,— ten feet in height.

One egg has been found, the capacity of which equaled one
hundred and fifty hen's eggs. But more interesting than

the great size is the peculiar structure of some of these

ancient birds. Many of them possessed teeth, and some

Fig, 147. Meadow Lark.

From Gtinnell's Our Feathtrtd Friend*.

of these teeth were set in sockets, a feature we did not

find till we reached the highest of the reptiles. One fossil,

found in Bavaria, had not only teeth, but also a long tail,

consisting of many vertebrae, with a pair of feathers

extending out on each side from each joint.

Relations of Birds and Reptiles.— Not only do fossil

remains show points of structure in common between these
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-perficial examination. Feathe's and sea L^'a^":;'.:"

.ebra in ..e sa.e »ay in MH b/a^S^^ col;;::

Fig. 148. Baltimore Oriole and Nest.
From Grinnell's 0$,r Ftath*red FritndM.

Doinfc r.f ^^. 1 .
^ ^'^^^^ eggs, and there are

siaered here. All these facts, here scarcely hinted at ^oto show that birds have descended (or ascended)^™™
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reptiles. Hence many authors include birds and reptiles

in the one group, Sauropsida, just as the fishes and am-

phibians are placed together in the group Ichthyopsida.

Game Birds. — The principal game birds are the various

kinds of grouse (the quail, prairie hen, partridge, sage hen),

the ducks and geese, and various wading birds, including

snipe, rails, plovers, etc. But the food value of these is

not great. All sportsmen who wish a continuation of these

game birds should agree in enacting such laws as shall

protect them so their numbers may not be greatly reduced.

The general sentiment is that they ought not to be killed

for market purposes, nor during the breeding season.

Value of Birds.— The value and importance of game

birds sinks into insignificance in comparison with the

smaller birds. When we stop to consider the ravages of

insects, those that infest the fields and orchards, forests

and groves, the many larvae at the roots and on the foli-

age, the caterpillars, cankerworms, etc. ; and on the other

hand the multitude of birds— mostly of small size— the

robin and bluebird, the cuckoos and warblers, flitting about

in the tree tops all day long in search of tbes'^- noxious

insects,—when all these facts are weighed, we may well

raise the question whether, if all bird life on the globe

were destroyed, the earth would long continue habitable by

man. As it is, occasional plagues of insects strip large

areas of plants and bring on local famine. These birds

should be fully protected by law. Till lately the number

of many of these bir«s has rapidly decreased, owing to their

being killed for their plumage, to the collection of eggs,

and to wanton and aimless destruction. Besides game birds

none should be killed, except for scientific purposes, unless

they are themselves noxious, as crows and jays, the English

sparrow, a few hawks, and possibly a few others.
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CLASSIFICATION OF BIRDS.

' Division Ratitae
ORDERS.

Struthiones

Class Aves Division Carinatas

EXAMPLES.

, D ^
• . . . Ostrich

' fysopodes Loo„
3- Longipennes q^^
4. Turbinares p^^,
5- Steganopodes .... Peijcan

_ u .. Duck
7- Herodiones

Heron
8. Paludicolae . .

9- Limicolae . .

10. GallinjB

11. Culumbae

• . Crane
• • . . Snipe

• • • . Quail

_ • • • Pigeon
"• '^^P*^'^' Hawk

l^-
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Parrot
14. Coccyges

Cuckoo
IS- PlCI ... \xr . ,

-^ ». vVoodpeckei
16. Macrochires

NighthVwk
1 17. Pa«eres

R^biu
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CHAPTER XVr.

BRANCH CHORDATA.

CLASS MAMMALIA.

Example. — The Common Rabbit.

Habits.— The common gray rabbit is familiar to many
under the name of " cottontail." This name is due to the

white fur of the ventral surface of the tail. As the tail

is held erect, the white part is.very conspicuous when the

rabbit is running away from the obserx'er. Our rabbit

— unlike the English raobit— does not burrow, though it

sometimes takes to holes to escape pursuit, and perhaps

lives in them when other shelter is not convenient. In

pleasant weather the rabbits stay most of the time in

rather open spaces, hiding in bunches of grass. They do
not make any nest at such places, but simply find, or make,

an opening in a convenient tuft of grass, where they squat.

Such place is called a "form." In colder weather, especially

when there is snow, they find a more complete protection

in brush heaps, hedges, and patches of weeds, or even in

burrows. They are nocturnal, sitting quiet all day, or

coming out only in the cool part of the summer mornings

and evenings. But at night they come out and run about

for food, and many observers think they are very social and

enjoy playing together.

Coveringof the Rabbit— The rabbit has a covering of

hair. The bulk of the covering, the fur, is made up of

short, soft hairs. Among these, and more deeply embedded
346
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dens and orchards. The rabbit likes such places, not only

on account of the food there found, but also because of the

shelter afforded by the grass and bushes. In winter, when

fresh vegetation is scarce, the rabbit eats twigs, especially

the buds and bark ; thus a brush heap of fresh cuttings

from such trees as the apple affords the rabbit both shel-

ter and food.

The Rabbit's Teeth.— At the front of the mouth are

two pairs of chisel-shaped teeth, the incisors. These teeth

are mainly composed of dentine. On their front surfaces is

a layer of hard enamel. The result of this hard front edge

is that in gnawing, the hinder edges of the teeth are worn

away faster and the teeth are kept constantly beveled ; in

other words, they are self-sharpening. These teeth grow

at the base of the roots as fast as they are worn away at

the outer ends. If one of these teeth should be broken

off, or otherwise destroyed, the opposing tooth would no

longer be worn down and would grow too long, and sooner

or later interfere with the process of eating and cause

starvation. Many cases of this kind among rodents have

been known. Back of the upper incisors is another, smaller

pair of teeth, also regarded as incisoVs, an arrangement pe-

culiar to the rabbits and not found in other rodents. Back

of the incisors is a considerable space without any teeth,

before the grinding teeth, or molars, are reached. This

space undoubtedly enables the rabbit to manage the mouth

better in gnawing, just as in most of our pinchers we have

a widened space back of the nipping jaws. The same

arrangement is found in the horse, cow, etc.

The molars are six above and five below, set in close

rows, and having ridges running crosswise. The direction

of these ridges must be considered in relation to the joint

by which the lower jaw articulates with the skull. This
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joint is not a regular hinge joint, such as we find in a cat,

which allows of little more motion than a door hinge.

The rounded knob at the upper end of each jawbone fits

into a groove which runs front-and-back, thus allowing the

jaw to be moved forward and back. If one watches a

rabbit chewing, he will see that this motion is character-

istic in place of the more decidedly lateral movement seen

when a cow is ruminating. The ridges of the upper and

lower molars, therefore, are drawn back and forth over

each other, thus effectively grinding the food.

The Process of Digestion. — There are four pairs of

salivary glands on each side of the head, which pour their

secretions into the mou^h to aid in digestion. At the base

of the tongue is the epiglottis, a cartilaginous cover which

turns down over the opening into the windpipe when the

food passes over it on the way to the stomach. The gullet

extends through the thorax, piercing the diaphragm, and

enters the large stomach, which lies back of the diaphragm,

partly separated from it by the liver. On the liver is the

bile sac, from which the bile is poured into the first part

of the intestine, called the duodenum. The long, coiled

small intestine finally joins the large intestine, and at their

junction is a long, blind tube, or sac, the cecum. Near the

stomach is the pale pancreas, which empties its secretion

by a duct into the duodenum.

Since the rabbit eats food that is relatively poor in nour-

ishing material, it is obliged to eat a large amount ; and as

vegetable food, especially with a good deal of cellulose, is

difficult of digestion, we should expect to find the digestive

tube both long and capacious, and this is the case. The
intestine is about ten times the length of the rabbit's body.

While the rabbit sits in concealment during the day, the

slow process of digestion is going on.

^^-^4r^^ -.d^':. - -:^-cllir, Jt'^M^^h/k 'im '?*
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The Circtitatlon of Blood In the RabWt. -The rabbit'sarculat.o„ ,s essentially as in our bodies. The h^aTis

The right half pumps the blood to the lungs, whence itreturns to the left half of the heart to be pump;d to al theother parts o the body through the main artery, called theaorta. The heart is within a pericardium, situated between

:t:trbodT;:."'
''''"' ^^^'"^' ''- '''''-''--- "«

How the Rabbit Breathes. - The rabbit's respiration, too
s very hke ours. The diaphragm is a ,hin .sheet of m sdethat arches across the
body at about the pos-
terior border of the longer
ribs, separating the body
cavity completely into two
cavities, the anterior con-
taining the heart and
lungs, the posterior con-
taining the stomach and
intestines, with the liver,

pancreas, kidneys, blad-

der, etc. By the shorten-
-^sstti^s^i^stf^

ing of its muscle fibers *"'«• ^So. Cross Skct.on of abdomen
the diaphragm is moved *"*' ^^^^^mal.

moveThe rib," '"t"^ '"."'^ ''' ''*"' ""-'" "''-hmove the nb, m and out also do part of the work. The
'

Lhts"^ T" '° """• "^'"^ "S"* <"<="« -lied
ligh s

)
and porous, all the air vesicles being reached

from th?W"r'" "V"*
''™"^''"" '""".which fokf on, the wmdpipe. The temperature of the rabbit'sWood^,s considerably higher than our own, averaging ,03-
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The Excretory Organs of the Rabbit.— The lungs act as

excretory organs, throwing off carbon dioxid as well as ab-

sorbing oxygen. The kidneys also are organs of excretion.

The kidneys are bean-shaped bodies attached to the dorsal

wall of the abdominal cavity. To each kidney runs a branch

of the aorta, supplying it with blood, and from the kidney a

vein returns the blood to the postcaval vein. As the blood

flows through the kidney in fine tubes called capillaries, the

kidney removes from it certain impurities, especially the

waste matter that contains nitrogen. The excretion is con-

veyed backward by a tube called the ureter, and emptied

into the urinary bladder, an organ not possessed by the

birds or reptiles.
'

Enemies of the Rabbit.— Among the enemies of the rab-

bit are dogs, wolves, foxes, cats, both wild and domesticated,

minks, weasels, hawks, owls, and perhaps many others. In

addition to these larger foes, the rabbit is usually infested

by parasites, such as fleas, tapeworms, etc.

How the Rabbit escapes his Enemies. — The rabbit has

claws, but they are not very efficient as a means of defense.

Rabbits use their teeth in fighting one another, but these

avail nothing against their enemies. The rabbit is practi-

cally defenseless, and relies upon two means for protec-

tion,— the first is its color, and the second its speed of flight.

The prevailing color of the rabbit is gray, varied with some

blackish, and more or less tinged with yellowish brown. In

the summer h^ appears rather more rusty or tawny. He is

so like his surroundings that it takes a keen and practiced

eye to detect him when he sits perfectly quiet in his form.

This he usually does, relying on his color to protect him.

Besides his color, his position is an aid in concealment, for

he is snugly doubled up, the ears folded down closely along

the back, and the white tail is out of sight He generally
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them, and bounties are continually paid for killing them

;

they thrive in spite of all that can be done. The intro-

duction of contagious diseases has not been a success.

Uses of Rabbits.— In this country 'hey are used only for

food, and that to a very slight extent but in Australia and

some other parts of the world the fur is saved and used in

making felt. This is an important industry, as practically

all our " derby " hats are made of rabbit fur. Most of the

fur goes to London to be dyed.

Development of the Rabbit.— The ovaries are small ovoid

bodies attached to the dorsal wall of the abdominal cavity,

posterior to the kidneys. The eggs are microscopic, and

when set free from the ovary, enter the free opening of the

oviducts, as in the case of the frog. The posterior end of

each oviduct is developed into an organ called the uterus,

for holding and nourishing the egg, which is here retained

till development to the form of the parent is reached. The

young are bom alive, and for a time after birth they are

nourished by milk from the mammary glands of the mother.

From four to seven are usually in a litter, more commonly

five or six. As several litters may be produced during a

year, the rate of their increase is very rapid ; but their fa-

talities are enough to keep their numbers down in this part

of the world. The little " cottontails " are concealed in a

fur-lined nest, which is a pocketlike hole in the ground,

The Nervous SyBtem of the Rabbit.— The brain is fairly

well developed, but the rabbit has not a high intelligence ; and

as in the other lower orders, the surface of the brain is nearly

smooth instead of convoluted, as is the case with brains of

the higher animals. The principal parts of the brain are

the cerebrum, with its two hemispheres tapering forward

into the olfactory lobes (see Fig. 167). Back of the cere-

brum is the irregular cerebellum, with a central and ialcral
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The Senses of the Rabbit — Sio-ht „nA i,„ •

pecially well develoiied Th„ „
'"^ ""= "'

r^ ,h A
°~\"°\"=° The eyes are prominently placedon the sides of the head, so that the rabbit can see an enemvapproach from any direction. The ears are long and c"n

tne sound. Rabbits may not unfrequently be seen to sit

Whe?"r ":"' "' '"^ "'^ '' " '"^PiLt : dange
'

back. The sense of smell seems well developed. The nos-trils are longitudinal slits at the end of the nose, and betweenthem IS a cleft, from which fact we borrow the term "
haTe

o the
P"". ";^"«^"'«"'/PParently gives greater mobilityto the lips ,n feeding, and m sniffing there is considerablerange of movement of the upper lip and nostrils. Taste

c ^inaHT"'" ^ •''"'^ "=""• '""^'"^ ''y "•= rabbit's c^^

o The tonle sh '
"' '°'"'" "'"°'^°P*' examinationot the tongue shows essentially the same taste organs and

pears to be distributed all over the body thouirh nroK

sua hairs which we commonly call the "whiskers."
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CHAPTER XVII.

BRANCH CHORDATA.

CLASSIFICATION OF MAMMALIA.

Subclass I. — Prototheria.

There are two subclasses of mammals, the Prototheria

and the Theria. The Prototheria nourish the young with

milk. They also show that they are mammals by their

hairy i overing. But they reveal their relationship to birds

and reptiles by the fact that they lay eggs.

FlO. 151. DUCKBll.U

From Packard's Zoiilegy, after I.Btken.

In this subclass there is but one order, the Monotremata.

The order contains but three or four species, and there are

two chief forms, the duckbill and spiny ant-eater, both lim-

ited to Australia and adiacent islands.

256
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The duckbill has a homy bill similar to that of a duck
Its habits are similar to those of a muskrat. It lives in
water, and has holes in the bank, which it can enter beneath
the water. The body is about as big as a cat's, though
It presents a "squatty" appearance, the legs being very
short. The feet are webbed and the tail is flattened It is
covered by a soft, fine fur. The duckbill has rudiments of
tee h m the early stages of its life, but in the adult state
neither the duckbill nor the spiny ant-eater has any teeth.The ant-eater is of about the same size as the duckbill.
The hairs are developed into strong, stiff, sharp spines.The bill IS conical, and a small mouth at the end permits
the extension of the slender tongue, with which it licks up
ants like other ant eaters. It lives in rocky ground.

SUBCLASS II.-THERIA.

The Theria include all the remaining mammals. In this
subclass the young are born alive, in the form of the adult
The Marsupials. -Our only marsupial is the opossum.

This odd ammal is well known, at least by report on
account of its habit of feigning death when attacked The
marsupials get the name from their most marked charac
teristic, the possession of a pouch, or infolding of the skin
of the abdomen. Two peculiar bones extend forward from
the pelvis, toward the pouch ; they are called the mar-
supial bones, as they support the pouch. The young are
born m a very immature condition, and are transferred to
the pouch, where they are nursed. The young are kept a
long time developing in the pouch, and, after they become
self-helpful, occasionally take refuge in the pouch The
opossum is almost omnivorous, eating insects, eggs, and
birds, the teeth being of the carnivorous type. The opossum
IS a good climber, and has a hairless, scaly, prehensile tail.
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Opossums are very tenacious of life, and it is commonly
reported that after a " possum " has been severely pounded
and "every bone in its body broken," it later gets up and
crawls away. The following are some facts of structure

Fig. 15a. Opossum.

From photograph from RtcrtatioM, by permission of G. O. Shieldi.

fix

O
\ 3'S& ii^^^

that may explain such reports. First, the skin and hair

make a thick protective cohering, under which is usually a

thick layer of fat. The chewing muscles extend far up

on the top of the head, meeting in the middle line. The
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skull IS therefore well protected, so that it may receive a
severe mauling and not be murh the worse, except for
external bruises. The opossum is of a low order of intelii-
gence, and appears stupid, both when free and in confine-
ment. It has not sense enough to become a pet.
The kangaroo is another well-known marsupial The

story of Its development is about the same as that of the
opossum, but the mode of life is different. The hind legs
are excessively developed, and the animal hops with
record-breaking " power, seldom putting the feeble fore
egs to the ground. When standing, the strong, muscular
tail aids in supporting the body, forming a third leg. so to
speak. The kangaroo is entirely herbivorous. There aremany other marsupials in Australia, and. in fact, with the
exception of the opossums, all the living marsupials are
confined to the Australian region. Many countries yield

that A^T' "' '"""'P'^'^' ^^"^ ^' '^'^^ «'-• «h-ving
that Australia contains the remnants of this peculiar, butonce widely distributed race. It is further interesting tonote that Australia has no other native mammals than the
marsupials, except possibly the dingo, or wild dog. whichsome believe to have been introduced.

PLACENTAL MAM.MALS.
All the mammals above the marsupials are born in amore mature condition.

dilfo's' ftc'T'
^™' "'^'' "^^^"^^^ ^'^^ ^^«^hs. arma-

dillos, etc They are not wholly toothless, as the name

The sloths nre herbivorous an.1 fr^,..;„i,,i,:,in, -n...
chrab, hanging under limbs by their hooked 'ciaws, and Is

9ii-'W
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they proceed, strip off the leaves. On the ground they

arc almost helpless. The extinct slothlike megatherium

was as large as a rhinoceros.

The armadillos have a scaly or horny development of

the skin for protection ; some have also the power of roll-

ing themselves into a ball, still further securing safety.

The ant-eaters lack teeth; they secure insects by pro-

truding the long, sticky tongue.

The Gnawers.— The gnawers, or rodents, are character-

ized by chisel-shaped incisor teeth, which keep wearing

away at the tip and as continually growing from the root.

Fig. J53. NiNi'>BANi)Eu Armadillo.

From Packard, after LUtken.

In all but the hares the incisors are two above and two

below. There are no canine teeth, and there is a wide

space between the incisors and the molars. They are

chiefly herbivorous, and the digestive tube is long. They

constitute the lir^est family of mammals, and are espe-

cially numerous in individuals.

The Hares.— The general characteristics of this family

have been illustrated in the description of the rabbit.

Besides our common gray rabbit, there are found in the

Southern states the marsh hare and the water hare ;
in the

North, the northern hare, which turns white in winter;

on the Western plains, the big jack rabbit.

' ^BVffWKmssssa^fjTf,'*/ •„ .^asra»
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Porcupinea. - The porcupines are distinguished by hav-
ing sharp spines, which are really modified hairs, and are
scattered among the longer hairs of the ordinary type so
that the spines are ordinarily not very conspicuous The
spmes arc especially developed on the t;iil and on the pos-
tenor parts of the body. When the porcupine is attacked
by an enemy, and especially if cornered, he turns his back
toward hjs pursuer and draws the skin of the bmly forward
so that the quills point outward in all directions, and any
attempt to seize him is met by a quick side stroke of the
tail. The quills have a very sharp tip, near which are a
series of backward-projecting barbs. They arc als., very
loosely attached at the base. The result is that the quills
readily pierce the soft skin of an enemy, become detached
from the porcupine, and remain sticking in the wound
These facts are the sole foundation of the once widely ac-
cepted belief that the porcupine has the power to shoot
his quills into his pursuer. In the West cattle often come
in contact with porcupines and have their legs and noses
stuck full of quills. On account of the backward-project-
ing barbs the quills cannot fall out, but keep working their
way in deeper and deeper, making bad festering sores.
On this account stockmen hate porcupines and usually
shoot them on sight. In the lumber regions of the North
porcupines also prove a nuisance,— in another way, how-
ever. They gnaw into the handles of axes, oars, or any
wooden-handled implement, especially those that have been
used, apparently for the sake of the salt that comes from
perspiration. Hence tools are not left lying on the ground,
but axes are stuck into trees with the handles standing far
out, oars are laid up in bushes, etc. Porcupines are very
stupid, being so well protected by their spines that they
do not need to use their wits to escape an enemy.
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Rats and Mice. — The rats and mice are of many kinds
and of vast numbers. Man has adopted some kinds of
animals, but these creatures may be said to have adopted
man. They are universal attendants on civilization and
are as cosmopolitan as man himself. The length of time
that they have been associated with man is hinted at
by the fact that the word for mouse, in essentially the

Fig. 154. Chipmunk.

From photograph from Recreation, by permission of G. O. Shields.

same form, is found in many languages. Though they have
many enemies besides man, it seems impossible to exter-
minate them, for they are protected in many ways, espe-
cially by their nocturnal habits, and, as Coues says, by
their very insignificance.

Beavers. — The largest rodent found in the United
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states IS the beaver It u^ 1

1

flat, scaly ^.^'Xn ll^"^!""' ^'^''^ ^'"^ ^ ^ro.,.

pnce and skill in felling t.^^fj^
' remarkable intelli-

It was formerly widely distributed b,
""''''"'""« '''""

not merely to the fact that it h,K " "°* '"^' ""i-K
bu. also to the spread :^eyni^::i:--PP='^ '" ''^

'"'

Squirrels. - The squirrels ar^ ,
not only on aecount oAheir active andTraTefuTm

"" '"'"'•
aiiu gracelui movements,

^'"- 155. Common Mole

but also on account of fhp,v u
Visions and their h^:L „ d "oTltT "'u'"" "' P^
are the tree squirrels inT^ .

" ^°^^ attractive

squirrel, the rldTqulve '

,"d'.t T-
''"'"''' ">« ^ray

woodchuck, prairie dog and 1 . "^^ ''""^^^'- Tl>e
The true gophers havetrge cheTk

^ T ''" '"^ ^"""''•
carry out the soil in digginl^fJr t'r^ws"

'" *''^'' ""=^

The Insect Eaters. — Thi<! nr^ • ^ '- common mole, whose work^r^L^^ -^^^^^^-^y
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familiar to all. They make these ridges in burrowing for
earthworms and grubs, which are their main food. They
are well fitted for digging by the very large front feet and
strong muscles of the front legs. Since they live in dark-
ness, the eyes have become rudimentary, sometimes con-
cealed by the skin. The teeth are like those of a diminu-
tive flesh eater. The nose is long, bare at the tip, and very
sensitive. There are no external ears. The shrews are
mouselike and are probably often mistaken for mice, as
the front feet are not enlarged as in the moles ; but the
nose is more pointed, and one look at the teeth would show
that a shrew is not a " gnawer." This order also includes
the hedgehog of the old world, which has the hairs devel-
oped as sharp spines, the fact that both the hedgehog
and porcupine have sharp spines leads to confusion. It is

unfortunate that many writers are either uninformed or
careless in this matter and further extend an already wide-
spread error. The two animals are entirely distinct, and
the following tabular statement may aid in showing their
points of difference :—

DIFFERENCES BETWEEN A HEDGEHOG AND A
PORCUPINE.

Hedgehog.

Insectivora Order
Conical points Teeth
Insects, etc Food
Not barbed 1 i

Firmly attached
f
Qu>"s

j

Less than a foot Size

Old world Habitat

Porcupine.

• . . . Rodentia

Chisel-shaped incisors

. . . . Herbage

Barbed

Loosely attached

Two feet or more
Both old world and new

The Bats.— The bats of this country are insectivorous,
and would undoubtedly be classed with the preceding
order if they were not flyers. The wing is a fold of skin

.... ^ j<^ttftUL.-si:i«'

'
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supported by the arm and the excessively elongated fingers;
the fold in our bats extends to and includes the tail. The
thumb is free from the wing mem-
brane and has a hooked claw by
which the bat can hang, but usually
when at rest it hangs head down-
ward by the hooked claws of the
hind limbs. Every one is familiar
with the flight of our bats as they
zigzag after insects. Bats are chiefly

nocturnal. There is much super-
stition concerning them. There are
in the tropics some blood-

sucking bats, but ours
are not only harmless
but beneficial. Our bats

hibernate in caves, hol-

low trees, etc. The large

bats of the East Indies,

known as flying foxes,

are fruit eaters.

The Whales.— Though living con-
tinually in water, whales are true
mammals; they bring forth their
young alive and nourish them by
means of milk. The fore limbs are
developed into flippers. The tail is

horizontally flattened, and its two
lobes are called flukes. Whales are
devoid of hair. The whalebone whale
has in its mouth a long series of
fringed baleen plates (whalebone), which serve a. strainer*The whale mgulfs whole schools of crustaceans, jdl^
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fishes, etc., and the water passes through these strainers
and out at the sides of the mouth. Underneath the skin is
a thick layer of fat which furnishes the whale oil. Such a
layer of fat protects this warm-blooded animal in the icy
water of the arctic seas. Since the discovery of our oil
fields the whale fishery has declined. The "spouting" of
whales is not due to a column of water, but to mucus and
the condensed moisture of the breath.

Whales over fifty feet long are not often taken, though
the sperm whale is sometimes seventy-five feet, and the
"sulphur-bottom," found in the Pacific, is said to reach evei'
a hundred feet. It is the largest living animal. Porpoises
are smaller members of the same group.

The Sea Cows.— Some authors class these with the
whales, but they are herbivorous animals, having grinding
molars and a hairy covering. They seem to stand between
the whales and the ungulates. They live in the mouths of
large rivers

;
the manatee is found in Florida and on the

west coast of Afria, the dugong in India and Australia.
They are sometimes killed for their flesh, which is said to
be very much like beef.

The Hoofed Mammals.— The horse and cow may stand
as examples of this order, the ungulates. The hoofs are
excessive developments of what correspond to our nails or
the claws of other animals. In many forms the hoof en-
cases the whole of the lower surface of the foot. It appears
to be a special adaptation for the support of heavy animals,
many of which have to run rapidly over rough or even
rocky ground. The number of toes is typically five, though
no living ungulate has more than four. They are all

digitigrade,— that is, they walk on the toes. They are all

herbivorous, with teeth adapted for grinding. This is a
large order, and its members are of a large average size.

'^'^^^^if^:
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In Its domesticated forms it is probably the most useful ofany order to man, as from it are derived beasts of burdenMembers of this order also furnish us with food (meat, mi k'cheese, butter), leather, etc. The domestication of the ho ecavtle sheef, etc.. dates so far back that we know not whaiwere the w.ld forms from which they have descended. Theungulates are divided into two groups, according as thenumber of toes is odd or even.-the odd-toed group bein'
called Perrissodactyls. and the even-toed. Artiodactyls

^
The Perissodactyls.- These forms have an odd numberof toes, as s.own in the horse, rhinoceros, and tapir.
The Horse. -The horses now in this country are not

natives, but were introduced from the old world; theIndians did not know the horse till after what we call the
" discovery of America. Still. America did have horses
in earlier geologic periods, and the history of the develop-

found m this country), is exceedingly interesting. The
earliest form was about the size of a fox. and had four
well-developed toes in front, with a rudiment of a fifthand three toes behind. Later appears a form with fo^r
toes in front and three behind. Then came a horse aboutas arge as a sheep, with only three fully developed toes
in front, the fourth represented by a rudiment, but stillhaving three toes in the hind foot. Later still the outer
toe became reduced to a mere remnant. Then came a form
about the size of a donkey, with three toes all around-
the middle toe persisting and the two on each side becomimg dwarfed. Finally, the one-toed horse was evolved, thesmgle toe being the middle one of the five, that is, corre-
sponding to our middle toes and middle fingers.
The Tapir. -The tapirs are found in South America

and Sumatra. They have four toes in front and three

mrm' l^iii?5^^It
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behind. The snout is prolonged, suggesting
the elephant, but its relationship is plainly

The Rhinoceros.— The rhinoceros has

the proboscis of

with the horse,

three toes all

;tii<n
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I hcsc animals arc

around. It is peculiar in having- a
the snout. In some species there are
however, but one in front of the other
found in Africa and East India

cany arranged on each side of a^dia't t ^Irrvare spoken of as " eloven-foo.ed " animals. Lowe an,o„^he eve,Koed ungulates are the hippopotamus Ldt^f
a^Soufh r'" "'" '"«' ""= P-^^^^y- '"habits Centraland ijouth Amerrca, extending into Tevas n ;. , 1

active, fearless animal, in mafked comrast to our ina
" "'

fat.burdened domestic hog. The sle a e on n" oro'::'the other ungulates are almost strictly herbivorZ
'

Except the camel, nearly all the artiodactyls have fourtoes,- two well developed and two rudi„,e„tafy The welldeveloped toes are the third and fourth, the first Toe 7™
'

respondtng to our great toe and thumb) bei g wa„ ingThe second and fifth toes are sma.l, but JuZl"^
disttnct hoofs; they are shorter and back of the two .Tan

.round, and a^e^Tiule if^n^ut^TllVrdj::^
The Ruminants.- With the exception of the hipponota"

chewers and have complex stomachs. As an example letus consider the cow. There are no upper incisors g;assand herbage are bitten or broken off by'pressing the "we.nc,sors agau,st the hard, toothless pad of the upper jlwThe molars are well developed, .and the lateral cheiingmotions of the jaw are well known. I„ keeping with th"sateral motion, the ridges on the crowns of the molars runlengthwtse m wavy lines. The stomach consists o four

f

m
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compartments. When the food is cropped it is swallowed
without chewing. It passes into the large paunch, or first

stomach
;
when the ruminant lies down to rest, the soaked

fodder is passed into the small second stomach, the honey-
comb or reticulum, where it is formed into distinct masses
and returned to the mouth for thorough mastication. It
again goes down the gullet, this time to the third stomach,
the psalterium, or manyplies, whence it enters the true
stomach, or fourth stomach, sometimes called the rennet.

The intestine is very long, be-

tween twenty and thirty times
the length of the body. The
ruminants need a large quantity
of food, hence i* is easy to see
how it is of advantage to them
to be able to gather their food
quickly, retire to a place of con-
cealment, and digest it at their

leisure, as many of them are

comparatively defenseless. The
males of all the ruminants, except
the camels, have horns, and in

many species the females also
possess them, though usually much smaller than those of the
male.

The Hollow-horned Ruminants. — In cattle, sheep, goats,
and antelopes, the horn consists of a bony core, covered
with a layer of horn, which is not shed except in the case
of the pronghom antelope of our Western plains.

Sheep.— The rams have large, curved horns, which they
use for butting when fighting. Our native sheep is the
Rocky Mountain, or bighorn sheep, so named from its

immense horns. These, in the old rams, become very much

Fig. 158. Diagram of the
Stomach of a Ruminant.

Showing the course of the food.

From Kingsley's Comparativ*
ZodUgy.

^Jl^Ji
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battered. Hence arose the story, long widely accepted,
that they jump down precipices, alighting on their horns.
Since the ewes and lambs can go anywhere the rams can,
the absurdity of the account is evident. They are remark-

!*««>»>. Ran,.

Fig. 159. Mountain Sheep Family.

From photograph of some of the author's trophies.

Kws.

able climbers, walking securely on a narrow ledge, perhaps
over a sheer precipice of a thousand feet, with the utmost
unconcern. They are wary animals, usually having a sen-

^^'--'n.
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tmel commonly an old ram. posted on a high point of rock,on the lookout for enemies. Th y seem to expect attack
from beiow. so the hunter tries to get above them. Thev
stay most of the time above timber line.

Goats. -- The Rocky Mountain goat dwells in equally
inaccessible mountain tops. Its color is pure white, though
Its coat is usually dingy from the habit of sunning itself in
a bed of dust. Its white coat seems odd for a wild animal
But when one sees it in its home, up among snow banks

Fig. 160. Rocky Mountain Goat.
r««, photog«ph of .pecimen mounted by L. L. Dyche. in Camp Fires ofa Naturalist

By permission of D. Appleton & Co.

and light-colored rocks, it seems well adapted to its sur-
roundmgs. It has small, smooth, black horns. Mountain
goats are rather stupid animals. The main difficultiesm huntmg them are due to the steepness of ascent and
the rarefied condition of the air.

« J « ,

^"^^®"~ ^^^ American bison, usually called
buffalo," IS now nearly extinct Buffaloes once roamed

sy-iTwi
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in <^""ntlcr.s herds over the plains and pra.rics of ahnost
all of the United States; to-day probably the only wild
herd Ml the country is in the Yellowstone Park, and itnumbers hardly more than fifty. There are probably a
limited number m British Cohnnbia. Once the mainstay
of he Indians, furnishing them with food, clothing, and
tents (tepees), they were
doomed to give way before
an advancing civilization.

The Antelope.—The prong-
horn, or antelope of our
Western plains, is a peculiar
animal, the only membe. of
its family. It stands be-

tween the cattle and the
deer families. It has hoi-

low horns, which are shed
annually. The bony core is

a projection from the skull

and is never shed. It is

very swift-footed and wary,
keen of eye and nose. Like
most of our wild ruminants,
it has a white rump. When
hunted it usually runs to a ridge and stops to watch
Instead of getting out of sight of its pursuer, its policy
IS to keep its enemy in sight, but at a safe distance
The antelope is rapidly disappearing and is doomed to
extermination.

The Solid-horned Ruminants-Deer.—The deer family in
this country includes three species of deer, and the elk
moose, and caribou. Except in the caribou, only the males
have horns. The horns, which are solid, are shed annually,

Fig. 161. Antklopk.
From <V»r«/ amd Strtam.

^

.. All " .*" »•'.. . • .:,• _-.:^;--Jis«c^:i-!^i
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usually in December or January. They grow out again,
with an added prong for each of the first six or eight years.

Till fully grown the horns, or antlers, as they are often
called, are covered with a soft fur, and are said to be " in

the velvet." When the horns are mature this skin diep

.,1

Fig. i6a. Whitftati. Dker. Horns in the " Velvet."

From Recreation, by permission of G. O. Shields.

and peels off, the owner assisting by rubbing them against
shrubs and small trees. The two common species of deer
are the whitetail and the blacktail deer. The whitetail

deer is probably identical with the Virginia deer or red
deer. It is the most widely distributed form, extending
from Maine to Florida, and westward to the Rocky Moun-

wwiwvri-. _. ^r'-j(ar»?, " ~f^^Hir^w!* • . a'*r



Mammalia. *75

tains, usually keeping in lowlands. The term " red deer
"

is inappropriate, as all our deer are red when in their

summer coat, turning grayish in the fall. The blacktail

is Western, preferring mountains or hilly country. The
tip of the tail is black. This deer is also called " mule
deer," on account of its very large ears. The horns of the

Fig. 163. Blacktail Deer.

From Forest and Stream.

two species branch dififerently (see Figs. 162 and 163).

The elk (see Frontispiece) is larger than the other deer,

sometimes weighing eight hundred and perhaps a thousand
pounds. A bull elk surpasses any of the stags of. the

old world. Elk are being reduced in number and bid fair

to be exterminated, since they cannot hide so cunningly

as deer.
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The deer family is peculiar in lacking the bile sac.

Deer shed their coats, m the summer time being reddish,

or " in the red," as the hunters say ; while in the winter
they are grayish, or "in the blue." In the summer the
males of the elk and deer keep by themselves, ranging

Fig. 164. Moose.

. From Forest and Stream.

high on the mountain sides, often upon the rocks near
timber line, while the does and fawns are more likely to be
found on lower slopes or in the valleys.

In hunting squirrels, the hunter has only two senses to

guard against, sight and hearing. But in hunting deer the
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hunter must not only keep out of sight and out of hearing,
but must also avoid detection by a third sense,— that of
smell. If he attempts to approach this game from the
windward side, they are almost sure to detect him and to
escape, often without his being aware of their presence,
unless he afterward discovers their tracks.

The moose is an awkward-looking animal, with its long
hump nose. The antlers are spread out into a flattened
"blade" near the tips. The moose lives in marshy for-

ests. There is a considerable number in northern Maine,
Nova Scotia, Alaska, and in British Columbia. A few
remain in Idaho, in the northwestern pait of Montana, and
in the region of Yellowstone Park. The moose and deer
feed almost entirely on twigs and leaves, that is, they

• "browse," while elk feed to a considerable extent on grass,
like our domesticated cattle.

The Camel.— The camel has but two toes, with large,

soft pads. The hump is a storehouse of fat. They can
go without water longer than most animals, but this is no
more than might be expected of an animal accustomed
to living in a desert country.

The Giraffe. —The giraffe is remarkable for the extreme
length of its neck. Nevertheless, it has but seven cervical
vertebrae, the same number that we have, the increase
being due to the lengthening of the individual vertebra.

The Elephants. — The elephants are essentially ungu-
lates, having five toes, each incased in its own hoof ; but
on account of the peculiar development of the nose into a
trunk, or proboscis, most authors place them in a separate
order. The excessively long snout is flexible, very muscu-
lar, and serves as a hand in conveying food to the mouth.
This arrangement seems especially desirable for an animal
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with long, stiff legs and a very short neck. Even if he

were not stiff-legged and short-necked, it would be incon-

venient for him to dispense with the trunk so long as he

retains the tusks. These are the long upper incisors,

which are of solid ivory, the slight amount of enamel
which originally covered the tips soon wearing away.

Elephants are herbivorous and have one large grinding

tooth in each half-jaw. The skull is not heavy in proportion

to its size, as it has many large air spaces. The skin re-

tains a few scattered hairs, with a distinct tuft at the end
of the tail. Two species of elephants are found, one in

India, the other in Africa. Still larger than the elephants

were their (now extinct) relatives, the mastodon and the

mammoth.

The Flesh Eaters. — The flesh eaters, or beasts of prey,

are fitted for their life (i) by their activity; (2) by their

sharp teeth, especially the long canines; (3) by the claws,

usually sharp and strong
; (4) by their color, usually in har-

mony with their surroundings. The lower jaw is so hinged

that only an up-and-down, or true hinge motion, is per-

mitted ; this should be considered in comparison with the

lateral jaw movements of ungulates and the gliding for-

ward-and-back of the rodents. Instead of being flat-topped,

the molars are somewhat like saw-teeth, the upper and

lo' r shutting past each other like shear blades. The
i.

' eaters have simple stomachs and relatively short in-

testines, as the digestion of flesh is short and easy as com-

pared with that of vegetable food. The senses are generally

very acute. As there is considerable variation in adapta-

tion to the conditions of life, let us consider four types of

flesh eaters as represented by the cat, dog, bear, and seal.

The Cats.— Cats are distinguished from the other beasts

of prey by having the claws retractile, that is, they can be
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withdrawn into a sheath, where they are kept most of the

time, the animal walking on pads developed on the next to

the last joint of each toe. These pads enable the cats to

walk noiselessly, and this is an important trait, as they
capture their prey by lying in wait or by creeping near it

stealthily, then suddenly pouncing upon it. In a bright

light the pupils are reduced to a narrow vertical slit. In
the dark they dilate widely ; thus they are fitted for their

nocturnal habits.

Our biggest cat is the cougar or puma, also called the

American panther, and in the West known altogether as the

mountain lion. Its body is about as thick as that of a

sheep and somewhat longer, with a long tail. It is tawny
brownish yellow above, paler beneath. Though fierce

when wounded or cornered, it is a sneaking, cowardly

creature, few instances being known of its attacking a

human being. It follows mountain sheep and other mam„-

mals, ready to seize the young or the sickly or wounded
adults. It is found from British Columbia to Patagonia.

The wild-cat and lynx are smaller and are short-tailed,

being in some localities called " bobcuts." Other cats are

the lion, tiger, leopard, jaguar, etc.

The Dogs.— Dogs have the nose more pointed than the

cats. The claws are blunt and not retractile. The dog-

like form includes the wolves, jackals, a< foxes. Most
of this group capture their prey by running . down, instead

of by stealth as in the cat tribe, though the fox is rather

catlike in this respect Proverbial for his cunning, the

fox remains in thickly settled districts, not disdaining birds

that are domesticated. We have two species of wolves.

The prairie wolf, or coyote, has a sneaking, cowardly dis-

position. When an Indian wishes to express his utmost

contempt for an individual he calls him a coyote. The
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timber wolf is larger and does considerable injury by kill

ing calves and lambs. A bounty is paid for wolf scalps.
Wolves are little to be feared in this country.
The hyenas are between the cats and the dogs. They

have heavy shoulders and fore limbs, also strong jaws and

no. 165. Grizzly Rear, from Photograph.
ktom Recreation, by permusion of G. O. Shields.

teeth to crush bones. They are the scavengers among
the beasts of prey, like the vulture among the birds of
prey.

Both the cats and the dogs walk on the toes, hence are
said to be digitigrade.

The Bears. — Bears walk on the whole flat of the foot and
are therefore called plantigrade. Bears are less distinctly
carnivorous than the above groups. They live largely on
berries when they can get them. They eat many insects.
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turning over logs and stones and devouring the beetles

r on.
'""^

/r''; 7^'^ '''• ^" ^^^^' omnivorous and
not only m their food, but in their mode of feeding, re-semble hogs. The ferocity of bears is greatly exaggerated.They are extremely shy animals, usually on the lookout
for danger; even when feeding they look around at short
mtervals. One common mode of hunting them is to watch
a carcass of some large animal. When a bear discovers
such a "feast" he feeds greedily, and either stays in the
neighborhood or returns regularly till it is all consumed.The hunter lies in wait or approaches when the bear is
feeding, usually at dawn or at dusk. The approach must
be made with the utmost care from the leeward, or the bear
IS gone without being seen. A bear has no wish to culti-
vate man s acquaintance. But a wounded bear is a most
desperate and dangerous foe. He is quick on his feet and
stnkes like a prize fighter, a single blow from his mighty
arm. with its long claws, often completely disemboweling
a victim. In rare instances a bear, when discovered feed-
ing, becomes enraged and shows fight. Aside from these
condmons almost the only occasion when a bear "begins
a fight IS when a female with cubs is met; even then she
often ignommiously takes to flight. Though clumsy in
appearance, the bear is a swift runner. In the fall bears
usually become very fat. Through most of the winter they
hibernate, or "hole up." as the hunters say. in a cave of
rocks or under the roots of a big tree. North America
has four kinds of bears: the polar bear; the grizzly,
including the silvertip; the black bear, including the cin!namon bear; and the big brown bear of Alaska
The raccoon is very much like a diminutive bear, not

only in its plantigrade feet, but also in its food habits.
Coons are shrewd creatures, and make good pets



282 Descriptive Zoology.

ill

The Weasels. — These arc by some placed with the bears,
while others ally them to the cats. In this family are the
weasel, mink, ermine, marten, ferret, otter, badger, wolver-
ine, skunk. All are valuable for their fur. The weasel
turns white in winter. Most of these have strong scent
glands. Several of them are excellent swimmers and
divers, living largely on fish. One otter lives in the sea.

The Seals.— The seals are fitted for aquatic life by hav-
ing the hands and feet developed as paddles or " flippers,"
the limbs being very short. The sea Uon can walk on all
fours; others have the hind Umbs permanently turned
backward, forming a sort of "tail fin," so that they swim
very much Hke the fishes, on which they feed. Seals are
sometimes said to be pinnigrade (walking by fins) in con-
trast to the digitigrades and plantigrades. No seals in-
habit the tropics. The seal grounds of the southern
hemisphere have been depleted by indiscriminate killing,
and the northern fields bid fair to meet the same fate.

The Primates.— Tb's order, highest of all the mam-
mals, includes the monkeys, apes, and man. There is a
great range from the little squirrel-Uke marmoset to the
massive gorilla, and from the horizontal-bodied, four-footed
lemur to the erect biped, man. But structure is the basis
of classification, and many of these lower forms have
almost bone for bone and muscle for muscle similar to
those of man. The higher apes are tailless. The form
differs greatly, the facial angle of the ape being almost
that of a dog, while the Caucasian has an angle of about
95^ As we approach man in the scale the body becomes
more erect and is supported on the flat sole, instead of on
the outer edges as in the lower forms. Man alone has a
well-developed hand, and he distances all other forms in
having the power of speech, although some authors think
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Cultei

Stomach

Duodenum

apes have a language. The name orang-utan means " man
of the woods." Anatomists do not agree as to which is
nearer man, the chimpanzee or the gorilla. It must be
borne in mind that in the animal world classification is
based OH strticture, and that the zoological point of view
does not take into con-

sideration the intellectual,

moral, or spiritual quali-

ties.

Characteristics of Mam-
mals.—(

i ) Mammals have
a hairy covering. (2 ) The
young are born alive.

(3) The young are nour-

ished by milk from mam-
mary glands. (4) There
is a diaphragm separating

the body cavity into

thorax and abdomen.
(5) All have teeth set in

sockets. (6) Two pairs of
limbs are usually present.

(7) There are usually
seven cervical vertebra.

(8) The lower jaw articu-

lates directly with the
skull and not by the inter-

vention of a separate bone
(quadrate bone) as in birds. (9) There is an epiglottis
covermg the opening (glottis) to the windpipe. (10) The
blood IS warm, and of a nearly constant temperature.
(II) The heart is completely divided by a partition into
right and left halves.

Vermiform
appendix

Rectum

Fig. 166. 6TOMACH ANn Intestines
OF Man.



ii

284 Descriptive Zoology.

CLASSIFICATION OF MAMMALS.

I. Theria

ORDEKS.

Duckbill and Spiny Ant-eater

SUBCLASSKS.

I. Prototheria i. Monotremau
\Non,lacmtaU)

. a. Manupialia Opo«'um. Kangaroo
3. Edentau Sloth. Armadillo
4. Rodentia Rabbit. Squirrel
5. Insectivora Mole. Shrew
6. Cheiroptera

g^^j
7. Cetacea Whale. Porpoiie
'• *:''*"« SeaCow
9. Ungulau Hoiae. Cow. Deer

(PiMtmtais)

la Proboscidea Elephant
n. Camivora Cat. Dog. Bear, Seal
IX Primatei Lemur. Ape. Man

CHARACTliRISTICS OF CHORDATA.

1. There is a notochord, a long skeletal rod, a sort of
forerunner of the backbone.

2. There are gill slits opening from the throat to the
outside.

3. The central nervous system is a hollow tube and is
wholly dorsal to the digestive tube.

CHARACTERISTICS OF VERTEBRATA.

In the Vertebrata the characters given for the Chordata
are distmctly displayed, and a permanent backbone is de-
veloped. A cross section of a vertebrate shows two cavities
(see Fig. ISO), the dorsal containing the cerebro-spinal
nervous system, and the ventral containing the digestive
circulatory, and respiratory organs. In the vertebrates a
hver IS always present. The nervous system is usually
well developed.

Classification of Animals.-An early classification divided
animals mto two groups, the vertebrates, or the animals
having backbones; and the invertebrates, those lacking a
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backbone. A comparatively recent grouping is into Pro-
tozoa or one-celled animals, and Metazoa, or many-cclled
animals. Each of these groupings simply characterizes
one group (one system taking the lover end and *.he other
the higher end of the animal series) and lumps off all the
rest in one negatively named group. Neither of these sys-
tern, pretends to do anything more than call attention to
the presence or absence of a single feature of structure

ruh ToMi Sii«k« Sparrow MouM

Olbctory
lob*

Fio. 167. Diagram of Brains of Virtebratks.
From KcUogg's Zoology.

TheBtsis ofClassification of Animals.-The basisof cl .ssi-
fication of animals is structure, only so many branches \ ine
recognized as there are distinct plans of structure. It is
generally understood that the structure considered is that of
the adult, since many animals change greatly during their
development. But in some cases, especially of degenerate
forms, tne larval form shows, more clearly than the adult
the true relationship. Consequently embryology must be
called m as an aid in classification. Fossils also clear upmany doubtful points in classification.
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CHAPTER XVIII.

BRANCH PROTOZOA.

THE ONE-CELLED ANLMALS.

Amoeba.— The Proteus Animalcule.— One of the sim-
plest forms of animal life is the Amoeba. It is found in
the slimy coating usually found on submerged leaves and
stems in standing water, or in the slimy ooze resting on
the mud at the bottonn. If this ooze be examined under
a high power of a microscope, amoebae may usually be
found, though occasionally one has to search for some time

Endoplatm Ectoplaim

PKudopodt
retracting

GMtractile vacuole

Food vacuoles

Fig. i68. Am(eba.

before he is successful. And it is difficult for a begin-
ner to be certain, at first, whether what he has found is

really an amoeba. An amoeba is a speck of clear, color-

less, jellylike :^nbstance called protoplasm, with a distinct,

though delicate, outline. There can usually be discerned a
clearer outer layer, the ectoplasm, and a more dotted cen-
tral portion, the cndoplasm ; but there is no distinct line

between the two. Sometimes one can see a more dense
a86
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appearing portion, the nucieus, and occasionally there ap.
pears a clear space, the contractile vacuole.

If the object is an amoeba, it will usually soon betray
itself by its motion. First there is a bulging out on one
side, and this projection may be prolonged into a distinct
lobe, called a pseudopod. The amrjeba may form several
of these pscudopods at the same time, so that it may have
little central body and nearly all of its substance may be
in the pseudopods. These pscudopods n ay be extL-nded
and retracted without changing the place of the amttba.
But more often aftei a pseudopod has been protruded, the
rest of the body follows it, seeming to flow into it; by

Fig. 169. AMtEBA Chances in Form, drawn at Short Intkrv IS.

repetition of '*- |-rocess the amoeba changes its place,
and thus e\hiuiC3 not only motion, but locomotion. If
watched for some time the amoeba may be seen to change
its shape considerably and to make slow progress, some-
times for a considerable time in the same direction.

Patient watching may reveal how the amoeba takes its

food. If a small plant or animal cell or portion of such
matter lies in its way, a pseudopod is oressed against it

and it becomes embedded in the end( )lasm. With any
such food material there is usually taken a small amount
of water. The space occupied by the water and absorbed
food is called a food vacuole. Usually a number of these
food vacuoles may be seen in an amoeba. After a time the
water and other matter disappear, having been digested
and absorbed and assimilated into the substance of the
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amoeba. Occasionally a grain of sand, or other indigcs-
tibia matter, is taken in; in this case it is finally passed
out of the body, usually being left behind as the amceba
moves on. There is no mouth; food may be taken in at
any part of the surface. There is no stomach ; the space
occupied by the ingested food is an improvised stomach.
There is no anus, residual matter being passed out at the
point most convenient. Still, as the amoeba moves about
in search of food, the surface that happens to be foremost
is likely to take in the new matter, and the part that is,

for the time, rearmost serves as the place of exit. The
amceba may be said to flow around its food, and to flow
away from, and so leaVe behind, its waste matter.
The work of moving about involves the expenditure of

energy. This energy is produced by the oxidation of the
substance constituting the amoeba. Oxygen is constantly
being absorbeJ through the surface to supply this need,
which varies according to the degree of activity. The oxi-
dation of the matter of the body of the amceba produces
carbon dioxid and water, which are passed off, invisibly,
through the surface. The new food taken replaces the loss
by such oxidation. This taking in of oxygen and giving
out carbon dioxid is respiration, in its simplest form. In
the oxidation heat is produced, which probably is given
off to the water about as fast as it is produced in excess
of the temperature of the surrounding medium. Actively
moving amoebae warm the water in which they move, as
truly as we warm the water in which we are bathing,
or the air in which we are perfo-ming active muscular
work. And as we taint the air with our waste products
and need a constant renewal of the surrounding air, so
the amoeba must not be confined too closely in a limited
quantity of water that is sealed from the air.

'f:X^y^^^^
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The amoeba shows that it has a sense of touch, for it
frequently avoids solid objects with which it comes into
contact, passing to one side. It has the characteristic
termed irritability. This characteristic does not involve
any special degree of sensitiveness, but simply the power
to receive impressions through contact with external objects
If stimulated by slight electric shocks, the amoeba may
be made to withdraw its pseudopods and remain quiet
in a spherical form. It is said to have contracted, and
IS said to be endowed with the property of contractility,
but it is simpler merely to say that it has changed
its form.

*

But the amoeba does not always wait to be stimu-
lated from without to make it move. It sometimes
appears to move "of its own accord," as we say. That
IS, it is automatic, in the sense of self-moving.

NUCLEUS

Fig. 170. Amceba Dividing.

If amoebae are well nourished, they are likely to muL
tiply. They do this by simple division. An amoeba
becomes constricted in the middle. The constriction
mcreases until the individual is divided into two

Encysted Amoeba.- Sometimes an amoeba, when sub-
jected to drouth, or perhaps other unfavorable conditions
forms a tough outer wall, and remains in a quiet condi!
tion. The tough covering is called a "cyst," and the
amoeba is said to be *•' encysted.'' It may thus remain
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dormant for a long time, until more favorable conditions

return, when it ruptures the cyst, crawls out, and once

more renews its former active life.

SUMMARY OF THE CHARACTERISTICS OF AMCEBA

1. It eats; it takes in material through its surface from

the surrounding water.

2. It digests; the material thus taken in is made soluble

so that it can be used in building up the body of the amoeba.

3. It assimilates ; after suitable preparation the li.ate-

rial is taken into the actual substance of the amoeba ; it is

"made like," as the word "assimilate" signifies.

4. It grows, as a result of assimilation. Growth is the

increase in size and substance of a living thing as a result

of taking material from the outside and making it over

into its own body. Growth should be distinguished from
the mere increase in size of such dead objects as an icicle

or a crystal by the accretion of more material on the

outside.

5. It moves ; it has power, not to change its bulk, but

to change its shape. It is able to rearrange its particles,

which is what is meant by the term "contract." Contrac-

tility does not mean ability to occupy less space. Distinc-

tion must be made between "motion" and "locomotion";
when an amoeba extends a pseudopod and then withdraws
it. this is motion ; when an amoeba changes its place, or

moves on, this is not only motion, but also locomotion.

6. It breathes ; the energy of motion is maintained by
a process of oxidation going on within the substance of

the amoeba. Oxygen is absorbed through the outer surface

and unites with the materials of the body of the amoeba.
Its energy is furnished by this oxidation as truly as the
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energy by which a train is moved is furnished by the
burning (oxidation) of coal in the engine.

7. It produces heat; heat is another form of energy
which always results fron oxidation. We are always pro-
ducing some heat, even when we are as quiet as possible,
and we know that when we are more active we breathe
faster and produce more heat. So with the amoeba. But
the amoeba should be classed with the so-called "cold-
blooded " animals. It should be noted that not only do all
such animals have a rather low temperature, but it is a
variable temperature and usually only slightly above the
temperature of the surrounding air or water. The amoeba
is constantly producing heat, but gives it off to the water
about as fast as it is made.

8. \\. gives off waste xtterMAt excretes. All oxidation
produces waste matter. Oxidation of wood or coal pro-
duces carbon dioxid, water, and ashes. Our breathing
produces carbon dioxid, water, and other wastes which
we throw off continually. The carbon dioxid, water, and
other wastes thro>\ off by the amoeba are sn^ill in amount,
and, being invisible, pass out into the water unnoticed.

9. It feels; when a foreign body comes into contact
with an amoeba it usually ^aoves. A slight e' .ctric shock
causes it to assume the spherical form. ' here is good
evidence that amoebae have the sense of touch. They also
seem responsive to light and heat.

10. It reproduces its kind; this we have seen is done in

the simplest way imaginable ; that is, merely by separating
into two parts, each of which is then a complete individual

Multiplication takes place by division.

Paramedum, the Slipper Animalcule. — The slipper ani-

malcule is usually to be found in the water collected for

amoebae. In aquariums where clams have been kept,
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or in vases where flowers have been standing for some

time, a film of scum is likely to appear. Just underneath

this film is a good place to look. Often the naked eye

may detect small white objects moving about. These are

paramecia. On examining some of the water with a low

power of the microscope, one discovers that these tiny

white specks are oval or elliptical, that they swim actively,

Course of food vacuoles G>ntractile vacuole

Contractile vacuole
Ventral view

Oral groove
\ lil'l IlillOlljfllllllWlPn'^^^"

Side view

Mouth gullet Food ball

Fig. 171. Paramecium, the Slipper Animalcule.

usually with the same, end foremost, and that when they

run against an obstruction they back off quickly. They
evidently have the power of moving and the sense of

touch. Looked at with a higher power, the shape may be

determined more defi'-».itely. They are somewhat flattened,

and one end is more pointed than the other. The dif-

ference betw . the clear ectoplasm and the more

gram''ir endoplasm is more marked than in the amoeba.

'HI'IIIIPIMI ! lUigiTI
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There is also a rather distinct layer, or cuticle, forming
the outer layer of the ectoplasm. The whole surface
is covered with small, hairlike projections called ciUa.
These aro prolongations of the protoplasm which makes
the body of the Paramecium. These have the power of
actively lashing back and forth, acting like so many pad-
dles, by means of which the Paramecium swims. At the
more pointed end, usually kept in the rear, there is a
bunch of longer cilia, which seem ^o serve as a rudder.
Sometimes the animal reverses its direction and proceeds
with the pointed end foremost, but ordinarily only for a
short time, to back out of a tight place and to get a new
start in another direction.

How Paramecium Eats— Along the flat surface is a
groove, which at one end forms a blind passageway dip-
ping into the body. Both the groove and the tube, w hich
is a gullet, are lined by cilia. By their vibrations these
cilia collect small one-celled plants and animals, or other
particles of organic matter, which accumulate at the inner
end of the gullet. From time to time this inner end is
cut off by constriction, and a collection of food particles,
with some water, is pushed into the soft protoplasm of
the body. It then is what is termed a food ball, or some-
times the space with its contents is designated a food
vacuole. These food vacuoles may be regarded as so
many improvised stomachs. The masses slowly rotate
around in the body in the manner indicated by the arrows
in the accompanying figure. At a point about opposite
their starting-point any undigested residue is expelled
through a weak place in the wall, there being no permanent
anal opening.

Excretion in Paramecium. —There are usually two clear
spaces in a Paramecium, one near each end. These may

^^^^SS^^^ iaar»
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be seen to contract at tolerably frequent intervals, appar-

ently discharging liquid to the exterior. Around each of

these " contractile vacuoles " is a series of radiating canals.

After the vacuole has become obliterated by emptying its

contents, it is gradually filled again by these surrounding

canals, which get watery material from the various parts

of the body. Thus certain waste material is thrown out.

The Nucleus. — Paramecium has two nuclei, a larger

body called the macronucleus and a smaller called the

micronucleus.

How Paramecium
j
protects Itself.— In the outer part,

or cortex, are many small sacs, each containing a tiny

thread. When a paramecium is irritated, it discharges

these thread-cells, which appear to produce a stinging or

benumbing effect on small animals.

Multiplication of Paramecia. — Like the amoeba and

the vorticella, the paramecium forms new individuals by

division. The constriction is transverse, at about the

middle, and finally separates the one into two. Both the

macronucleus and the micronucleus divide, a part going

with each half, which soon after separating becomes a

complete paramecium.

VorticeJa, the Bell Animalcule. — Anc.her interesting

protozoan is Vorticella or the bell animalcule. It is

found on submerged stems and leaves in stagnant water,

sometimes appearing like a delicate white fringe. Under

a low power of the microscope a vorticella is seen to be

bell-shaped, attached by a slender, flexible stalk, which

joins the handle end of the bell-shaped body to some solid

object. When the animalcule is disturbed, the stalk be-

comes coiled, jerking the body up close to its support,

where it is much more secure than when extended.

ii iT' III TiiTiiiffmm ''T"iriinT'"inri'wiininiiiiin -ni|-iiiiMr"TnrTitwn
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Examination with a higher power shows more of the
structure of the body. The bell-shaped body is not hol-
low, but is made up of protoplasm. Across the mouth of
the bell is a disk, which is slightly narrower than the
mouth of the bell. Between the disk and the rim of the
bell is a circular groove. At one point the groove dips
down into the body of the bell, forming a mouth and a
gullet. The borders of the disk and the bell are fringed

Gullet

Contractile vacuole

Macronucleui

— Micronucleus

Contractile axis

Fig. 172. VORTICELLA, THE BELL ANIMALCULE.

with cilia, which by their vibrations create water currents
and thus accTjmulate food material in the inner end of
the gullet. The food material consists largely of minute
plants and animals or franrments of larger forms. As in
the Paramecium, the collection of food particles becomes
pushed farther into the body, becoming a food ball, or food
vacuole, which, with others preceding and following, rotate
around the body in regular order. At the outer end of
the gullet is a space called the vestibule. Into this any
undigested residue is passed, and thus swept out by the

ii>r-i- iô ^jmmiExsiatxs'^^^MBmiisir^^i^m^mBBms^^i^iSsusr^^P.
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currents maintained by the cilia. There is also a con-

tractile vacuole, which is near the vestibule and empties

into it. The vorticella has a C-shaped nucleus.

How Vorticella protects Itself.—When a vorticella is

disturbed it is at once jerked up close to its mooring

by the coiling of its stalk. At the same time the body

changes its shape. The disl' is drawn in, the rim of the

bell turns in, the cilia are inclosed, and the body becomes

pear-shaped or even spherical, there being no opening left

at the free end. After the disturbance has ceased, the

stalk elongates, the bell opens, the disk protrudes, the

cilia extend, and tfie operations of active life are all

resumed.

Development of Vorticella. — Vorticella multiplies by

longitudinal division. For some time two bells are attached

to the stalk, but one finally breaks loose and swims away

by means of its cilia. Later it becpmes attached and

develops a stalk.

GENERAL CHARACTERISTICS OF PROTOZOA.

1. The protozoans are the simplest animals. Most of

them are one-celled. As a group, they are the smallest

of animals.

2. They are the most numerous^ in individuals, of any

branch of animals. It is not true, a ; commonly believed,

that every drop of water swarms with animal life. One

would find few animalcules in ordinary well or spring

water. But they usually abound in stagnant water. There

is room for vast numbers of these lowly forms which

occupy so little space.

3. They multiply the most rapidly of aII animals. In

most cases multiplication consists simply of division into

'SSi.- fiir
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two equal parts, each of which is very soon a complete
individual, ready again to divide in the same manner.
Their great number is due to their rapid multiplication,
to tneir small size, which makes it easy for them to find
hiding places, and, further, to their complete adaptation
to the conditions in which they live. Multiplication does
not depend wholly on division. There is occasionally
what is called "conjugation"; that is, two individuals
come together and more or less completely fuse. At any
rate, it seems to be proved that the species could not con-
tinue to live indefinitely without the occasional occurrence
of conjugation. And this is supposed to be true of most
of the Protozoa.

4. They are the oldest of animals; that is, they are
supposed to have been on the earth longer than any other
kind of animals. We find their remains in very early
geologic formations. Some of them are supposed to have
changed but little as time passed, the conditions of their
surroundings being comparatively stable, while other
groups of animals have been greatly modified by changes
in their surroundings.

5. They are the most independent of animals. The
conditions of their lives are such that they could live with-
out the larger animals, while many of the latter could not
live without them.

Kinds of Protozoans.— There are many kinds of pro-
tozoans, some of them widely different from any of the
three forms we have studied. Some are parasitic. One
of the parasitic forms causes malaria when introduced into
the blood by the proboscis of a mosquito. Some proto-
zoans, instead of having cilia, possess a few longer vibratile
proje'-Hons called flagella. In the one-celled forms there
is usually one flagellum, or, at most, two. But the colonial

V" •.^M"^^ vns^^K^
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protozoans are composed of several or many cells, each of

which may have* a pair of flagella. Thus there are three

principal modes of locomotion among protozoans : (
i
) slow

creeping by means of pseudopods, as in amoeba; (2) swim*

ming by cilia, as in paramecium
; (3) more active swimming

by flagella, this mode being not very unlike the second.

The Shell-bearing Protozoans.—Many protozoans have

shells. Some uf these shells are composed of lime, others

of silica, while still others are formed of grains of sand

which the protozoan glues together by a secretion from its

protoplasm. Most of these shelled forms live in the ocean.

Some of the shells afe borne where we should expect them,

on the outside, the animal being

able to withdraw into the shell

and project again at will through

an opening. But in many the ani-

mal cannot thus withdraw itself

completely into the shell. Many
of the shells are perforated by nu-

merous minute openings, through

which fine threads of protoplasm

are extended, these projecting threads sometimes forming

a network outside of the shell. In many forms the proto-

plasm increases in amount, flows out of the main opening

of the shell, and forms a new shell, larger than the old one,

but attached to it. In this way it proceeds, making a series

spirally arranged, similar in general appearance to a spirally

coiled snail shell, or the chambered nautilus.

Chalk.— One of the most abundant and best known of

geologic formations is made by protozoans. Chalk is

. de up of the shells, such as above described, of a kind

of protozoan known as Globigerina. Myriads of thet,*:

protozoans live in the ocean. When they die, their skele-

Fig, 173. NocTiLUCA.

A photpborciccnt marine protosoan.

IL...
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tons slowly settle to the bottom. Dredgings from the
bottom of the Atlantic Ocean contain a gray mud which,
under the microscope, is found to be largely composed of
these shells. So where we find chalk rock on land, we
know that region was once the bed of the ocean. This
once soft mud has become hardened, by drying or by
pressure, sometimes by both, into hard rock, a variety of

limestone known as chalk. A genem.tion ago the car-

WfW^ '

Fig. 174. A Shell-bearing Protozoan (Globigerina).

From Packard.

penter and the schoolboy used a rough broken lump of
the chalk rock. The ordinary school crayon, however,
usually contains no chalk. Any one who has used the
old lump chalk will recall that occasionally he struck a
hard, flinty place, due to the mixture of other material.

Silicious Earth.— Other kinds of protozoans form their

shells of silica. Beds of this material are found in various
parts of the world and are used as polishing material,

under the names Tripoli, Barbadocs earth, etc. Many of

the shells of silica are exceedingly beautiful in form.

/"
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DlftribntioB of Protoioa.— All protozoans are aquatie,
though some might seem to be exceptions, living as they
do in damp moss; but they are probably in thin films of
water on the surface. Protozoans are the most widely
distributed of animals, occurring almost all over the globe,
in fresh water and in the - can, in lakes and rivers, ponds
and creeks, pools and ditches. In the ocean they are
more fibundant in shallow water, but are also found at

considerable depths and at the surface of the deeper seas.

The Importance of Protozoa. — Protozoans are highly
important in two respects: (i) they have contributed
much to rock-making, and are still making deposits on the
ocean bottom

; (2) as a source of food to the animals of

the ocean, it is difficult to overestimate their importance.
In countless myriads they serve as food for animals some-
what larger and higher in the scale than themselves.

These animals, in turn, are the food for still higher animals.

The protozoans, then (wiih the protophytes or one-celled

plants), may truly be said to be the food foundation of all

the higher marine animals.

PROTOZOA AND METAZOA.

Protoplasm. — Protoplasm is the living substance of

animals and plants. It is a clear, jellylike substance,

which does not dissolve in water nor readily mix with it.

When seen in water its outlines are usually quite distinct.

It may appear more or less dotted on account of various

kinds of matter suspended in it. An amoeba is a mass
of protoplasm, and the properties of protoplasm were con-

sidered in connection with amoeba. Protoplasm has the

power of movement, is capable of being stimulated, i.e. is

irritable, it eats, grows, breathes, throws off waste matter,

or excretes^ and has the power of reproduction.
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Protoplasm is killed by very high temperature, killed or

its activity checked by low temperature, and, in general,

requires the conditions that we usually recognize as neces>

sary for life.

In its chemical composition protoplasm is exceedingly

complex. Protoplasm is a living substance, and any
attempt to analyze it kills it ; hence its exact composition

cannot be known. But the dead material left wheti it has

been killed can be analyzed, and consists largely of a sub-

stance called proteid. This consists of carbon, hydrogen,

oxygen, and nitrogen, with some sulphur, traces of iron,

and compounds of phosphorus, potassium, calcium, and
magnesium. Protoplasm seems to be a very unstable

compound, as we should naturally expect from its com-
plexity. Then, too, in its life and growth, it is constantly

changing, and, undoubtedly, changes more or less in its

composition from time to time.

The Cell. - Sometimes protoplasm occurs in a consider-

able mass, without any separation into distinct parts. But
usually it is found in more or less distinct particles, and
these distinct particles of protoplasm are called "cells."

There may be a cell wall distinct from the mass of proto-

plasm, but this is not essential to a cell. Within the cell is

a more dense appearing portion called the " nucleus." A
cell, living independently tends to be spherical, though since

it has the power of changing its shape, it often departs

from the typical form. When an amoeba goes into the

resting stage it assumes thf spherical form.

Protozoa and Metazoa.— L ne protozoans are typically

one-celled animals. The other animals are many-celled

and are called metazoans. Their greater size is not due
to their having larger cells, but to the increased number
of cells.
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Development of Metazoa.— Every metazoan begii>8 life

as a single cell (except in multiplication by budding). It

starts as an egg (ovum or egg cell), having very much
the same characteristics as an amoeba. After being fer-

tilized it soon divides into two parts, but these halves,

instead of separating, as in the case of the amoeba, re-

main together. These halves divide into quarters, and

so on, into 8, 16, 32, 64, 128, etc., parts, until they become
too numerous to be counted. After a time these numer-

ous cells, still remaining together, arrange themselves in

the shape of the animal that produced the egg cell.

Division of Labot in Communities. — A solitary back-

woodsman has to do everything for himself. He gets and

prepares his own food, provides needed shelter, makes his

own clothing. But if he has a partner, there is sure to be

some division of their labor. One can do some things

better than the other, and they find that it is advantageous

for each to do what he can do best. In an Indian family

the men do the hunting and fighting, while the squaws pre-

pare the food, dress the hides for clothing and lodges, etc.

It is hardly necessary to call attention to the saving of time

that results from such a division of labor, or to note the finer

quality and finish of the various articles of common use

when they are made by one who acquires skill by the con-

stant practice which comes from devoting himself entirely to

one kind of work. It is evident that no one man can do many
things and do them all as well as when the work is divided.

Physiological Division of Labor.— An amoeba does every-

thing for itself. Of coi se it lives very well in its simple

way, and is well adapted t its mode and place of life.

But it does too many things to do any of them very well.

It can move but slowly it is dull f sensation, etc. Sup-

pose that, when an amoeba divides, the two parts remain
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adhering to each other, and that it divides again, making
four parts, and each of these divides, making eight parts
remaining in one mass. It is easy to see how one might
al! ind to the moving, another to the work of feeling, a
t' :rd to eating and digesting, a fourth to breathing, a fifth

to the work of dividing for the spread of the species, while
the other three became more or less flattened and spread
out over the others to protect them. This will serve to
give an idea of what actually takes place when the egg
cell of a metazoan has, by division, become a many-celled
mass. Each cell has primarily all the characteristics

common to an amoeba,— that is, they all have power to
move, eat, digest, feel, breathe, divide. But such a large
mass would be unwieldy unless it had some support;
hence some cells may, to the advantage of the whole,
become harder and stronger to hold the soft cells in place.

In this now heavier mass there is more danger of mechani-
cal injury to the outside, and the outside layer by harden-
ing will serve to protect the inner, more delicate cells from
harm. If the outside cells harden, the animal will no
longer be able so well to absorb oxygen for the interior

cells, nor can it now take in food at any point. Special
arrangement must be made to take oxygen and food into

the interior, where soft cells can do the work of preparing
it for use in the body. These inner cells have now more
work than before, for they must prepare the material for

building and maintaining the cells that have given up their

power of digesting that they might fit themselves for pro-

tection. In proportion as any given cell devotes itself to

one kind of work, it must lose more or less the ability to do
the other kinds of work that it primarily could do. This
is what is meant by physiological division of labor. All
the cells resulting from the division of a metazoan egg
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cell are at first essentially alike in structure and function

To fit themselves for the different kinds of work that they

have to do, they grow different. This growing different

is called differentiation. Each becomes fitted for one

special work ; this is specialization.

Tissues.— In the higher metazoans there are many

cells devoted to each of the different kinds of work to be

done. This we should naturally expect, for in such a

body there are myriads of cells, but only comparatively

few kinds of work. As has already been made clear, an

amoeba can do nearly all the kinds of work that any

animal can do, though in a much simpler way„ The func-

tions of animals are summed up in saying they move, feel,

eat, grow, breathe, protect themselves, and reproduce their

kind. Stated more formally, the functions of animals are

included in the processes of motion, sensation, support, pro-

tection, reproduction, and nuttition (nutrition including

digestion, absorption, circulation, respiration, and excretion).

For instance, muscle cells are cells devoted to the work

of motion ; they have largely given up the other functions

that they originally possessed. The nerves have lost the

ability to change their form, in devoting themselves to

the special work of sensation. So, too, with the cells

of the supporting and protective tissues.

A tissue is a group of cells having the same structure

and function.

An amoeba consists of a single cell, but it can do a

number of kinds of work. A tissue consists of many cells,

but they all do the same kind of work. In other words,

an amoeba is simple in structure, but complex in function

;

a tissue is complex in structure, but simple in function.

Organs.— In addition to the differentiation of cells into

tissues, there is a still further division of labor by having
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certain distinct parts of the body devoted to a special

work; for instance, the hand is adapted to the work of

grasping ; it is an organ and its special work, or function,
is prehension. But the hand is composed of several kinds
of tissues. It is supported by bony tissue, the muscular
tissue gives motion to the fingers, the nerves are composed
of nervous tissue, connective tissue makes up the tendons
and part of the muscle, and the skin is another kind of
tissue. In addition there is usually some fat, which is

considered a still different tissue. The higher animals are
organisms,— that is, they are made up of organs, each of
which has its special function to perform. In other words,
each organ works for every other organ in the organism,
and every other organ works for it.

The Colonial Protozoa.— This name is given to the
protozoans that have moie than one cell, some of them
being actually many-celled. The simplest of these proto-

zoans are little more than an aggregation of cells, each of

which leads a nearly independent life, doing its own diges-

tion, etc. There is almost no division of labor among
them. Others form a true colony, and there is a rather
gradual series in development until in the higher forms
there is a division of labor approaching that found in the
simpler Metazoa. The cells in the simpler colonial proto-

zoans lead lives so nearly independent of their associates

that we might imagine the colony falling to pieces and
each cell again taking up an independent life, like that
of the amoeba. Not so, however, with the metazoans.
After their differentiation in structure and specialization

in function they are so modified that they could no longer
live independently. In developing one function each cell

has neglected other functions till now it is no longer able
to perform them. In other words, it has become dependent.
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Each cell lives and works, not merely for itself, hut for

all. In their cooperation these units of a lower order have

become so united as to form " a unit of a higher order," as

the mathematician expresses it.

The cell is the unit of structure in animals, and where

the cells unite and specialize they form a many-celled in-

dividual, in the strict sense of the word,— that is, it can-

not now be divided without destroying the life of the whole

complex individual.

There is one exception : the egg cells can, and do, live

separately. This is their work, to separate from the body

as a whole, for the express purpose of growing into new

individuals.

;- 1

I
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CHAPTER XIX.

BRANCH PORIFERA.

THE SPONGES.

The Simplest Sponge. — The simplest sponge is a vase-

shaped body attached by the bal^ It is hollow, and has
an opening (osculum) at the free end. Through the wall
are many small holes, and water is constantly entering
these holes (inhalant pores) and passing out of the
mouth of the vase. The cause of

this current is the vibration of many
fiagella, which project inward from
the cells lining the cavity. This
current of water brings oxygen and
food, consisting of minute plants

and animals, and remains of larger

animals and plants. The vaselike

body is supported by a large number
of three-rayed spicules, embedded
in the wall of the vase. These are

composed of carbonate of lime, and
they constitute the skeleton, making
the body fairly firm, and yet leaving

it flexible and elastic. An outer layer of cells constitutes
the ectoderm, the lining cells are the endoderm, while
between these is a thin layer called the mesoderm, in

which the spicules are embedded. (See Fig. 176.)

More Complex Sponge.— Somewhat higher is a sponge
that is vase-shaped, or cylindric, in which the mhalant
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Fig. 175. Simple Sponge,
Marine.

Water enters minute hole* in the
sides and passes out of the
opening at the top of the tube.
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pores do not lead directly into the main cavity (as shown in

Figs. 176 and 177), but do so indirectly. The cells bearing

the flagella, instead of lining the main cavity, are here in

the radiating canals that open into the main cavity, and

receive the water through cros"

openings from the incurrent

canals. As in the simpler

sponge, there are supporting

spicules in the walls.

The Highest Sponges.— The
general plan of structure of the

highest sponges may be illus-

trated by Fig. 178. The most

noticeable peculiarities are two

:

(
I
) The cilia are limited ' o cer-

tain cavities, or enlargements,

along the course of the passages

from the outside to the main

cavity. These cavities are called

the " ciliated chambers." (2) The
whole sponge is no longer a

vase or cylinder, but a mass, in

which the cavities are less con-

spicuous. This is due to the

increase of the middle layer, or

mesoderm, a gelatinous mass of

cells. As before, the outer layer

is the ectoderm, and the lining

the endoderm.

Kinds of Skeletons.— Sponges

may be classed, according to the nature of their skeletons,

into three groups :

—

I. Calcareous sponges, whose skeletons consist of

Fig. 176.

One of the Simplest Sponges,

Calcofyntkus primigenius.

(After laeckel.)

A part of the outer wall is cut away to

show the inside. -- From Jordan and
Kellogg's Animal Life,
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spicules of carbonate of lime, as seen in the simple sponge
described These spicules have various forms, but the

Suls
'" """'' '°"""°"- ^^'y °^'^" ^^^^"^bl«

flJn; ^t!
'"''/°?' 'P°^^''' ^^^^ ^P'^"Je« o^ silica or

fl nt. These skeletons often appear to be made of spun
glass, and many of them are
of great beauty, one of the
most noted being the Venus's
flower basket, found about
the Philippine Islands.

3- The horny sponges, or
sponges of commerce. These
skeletons are composed of
a substance called spongin,
whose chemical composition
resembles that of silk. Its
fine, threadlike fibers branch
and interweave, forming a
feltlike structure, with which
all arc familiar. Its chief value consists in its absorbing
power, and this, in turn, depends on its softness, fineness!
and elasticity. Its durability is also a factor in its valueSome sponges have both silicious spicules and horny fibers'
The Commercial Sponge at Home. -If one could "call

upon one of these sponges, he would find it attached to
rock at the bottom of a warm sea. He would see a round-
ish mass with a smooth exterior, in color and finish not
unhke a dark-colored kid glove. He might see several
large openings, from which currents of water are emerg-
ing bearing carbon dioxid and other impurities. Over the
surface he might discover smaller holes, into which the
water flows, bearing oxygen and food. If he were to dis-

Fig. 177. Cross Section of Simple
Tubular Sponge.

Showing (i) three-pointed spicules (ikele-
ton), (a) cilia which bring in water through
(3) the holes in the sides of the tube.
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turb the sponge, these smaller openings would close, and
perhaps the larger ones also. If he now tried to pick it

up, it would be found firmly attached. Effort to detach

it by pulling would probably crush it, and show that the

whole has about the consistency of beef liver. It is easy

to squeeze out all of the soft tissue and leave the elastic

skeleton.

Source of Commercial Sponges.—The most valuable of the

sponges of commerce come from the Mediterranean ; many
also come from the Red Sea, Florida, and the West Indies.

tc-t^k-
Water
Ex

Water
Exit

Ciliated

Chambers

Fig. 178. Diagram of a Commercial Sponge.

Collecting Sponges.— Sponges are collected by divers, or

by the use of rakes, or by dragging hooks. They are piled

on shore to allow the soft tissues to decay, after which
they are washed, dried, sorted, trimmed, and shipped to

market. The finer ones are usually bleached. Sometimes,

in trimming away the base where they are attached to

the rock, enough is cut away to leave a large hole ; this

is the lower end of the cloaca, or main cavity.

Fresh-water Sponges. — Most of the sponges are marine,

but there is one family of sponges in fresh water. It is

not uncommon to find them in lakes and rivers, where they

Wf^':^wf :t im -ma^^-xJ:-
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yellowish green. In still water they branch and mav

spreading mat. They are of no commercial value. Sometimes in reservoirs supplying drinking water they give anunpleasant taste to the water.

HelaUoos of Sponges to Other Animals._ None of th,
larger animals eat sponges. This may be due to he pre,ence of the sharp spicules, or to an unpleasant taste otodor. Many small animals bore into or crawl into them

theT "o'st' t. """^ '""•^' """"« - "'-t ill u'yT.;their host. Others are perhaps parasitic. While nosponge IS a parasite, some injure shells, as oysters by bor"

hdl" h K?. K^f"" ^P""S" -= f-"d on'y on theshells inhabited by hermit crabs, where they pay for theirtransportation by concealing their bearer.
'^ ^

''
"'*"

Reproduction and Development of Sponges.- Sponges

In Zr' "' """"plying,- by budding and by eg^

formed, which becomes detached, and develops into a

LT^TK ^'^'^-"^l"
^P""?" f»nn these gemmules in the

fall. The gemmules lie dormant over winter, and begingrowth in the spring.
^

„ir"f1 '""u'^"'''
^^^'- ^'"^ «eS' "' «"s. which are

Other cells called sperm cells (or sperms), are producedby some other part of the mesoderm, or perhaps by he

iTzed bJTh:
"°*"

T""'-
^"^' •"= ^Sg cell is'ferti!lued by the sperm cell, it begins to divide, and forms anumber of cells which cohere. Part of th^se cells havecnia, and by their vibration the embrvo sponge swimsabout, until finally it settles, attaches itself,'anl rem

™
fixed the rest of it- life. While it is niall and free.X

*
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vibration of cilia propels it through the water; after It

becomes attached, the vibration of cilia creates water

currents, which bring it food and oxygen.

Rank of Sponges.— The. sponges are many-celled and

evidently higher than the colonial protozoans. But there

is no high degree of differentiation of parts. The cells

bearing flagella and the egg and sperm cells are differ-

ent from the others. But there are no special distinct

organs for the performance of special functions. In com-

paring them with other forms, it may be seen that they

are plainly the lowest of the metazoa.

?mMS,:^i^iATW,



CHAPTER XX.

BRANCH CCELENTERATA.
[ThU branch includes the Hydroids, Jellyfishes, Sea Anemones,

and Coral Polyps.]

Example.— The Fresh-water Polyp, Hydra.

Naked-eye Appearance of Hydra— In examining a jar
of aquatic plants one may find attached to them slender
cylmdric bodies about half an inch long and of the thick-
ness of a needle. Extending from the free end are several
fine, threadlike tentacles, which may be as long as the
body itself. Hydras are often white or colorless, but occa-
sionally brown or green ones are found. If undisturbed
the body and tentacles may occa-

'

sionally sway gently to and fro.

If disturbed, a hydra usually
shortens until it is a tiny ball.

The tentacles also shorten until

they look like a circle of tiny buds.

Structure of Hydra. — Micro-
scopic examination is required to
learn much of the structure of hydra. The cylindric body
IS hollow, and the hollow extends through the tentacles
which are closed at their tips. Above the circle of
tentacle- rises a cone-shaped body calhd the hypostome,
at the apex of which is the mouth. The body wall consists
of two layers, the outer being the ectoderm, and the inner
the endoderm. Between these two is a layer called the
mesogloea.

3*3

Fig. 179. Hydra Extended.
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The Ectoderm.—The cells of the ectoderm are clear, and

more uniform in size than those of the cndoderm. At

their inner ends they are narrower, and usually end in

slender prolongations, which bend at a right angle to the

main axis of the cell, and help make a sort of middle layer

between the endoderm and ectoderm. These prolonga-

Spermary

Bud

: — Middle layer

i — Endoderm Crou section

Fig. i8a Hydra, Longitudinal Section.

fl

tions are called muscle processes and are the chief agents

in shortening and moving the body. Between the nar-

rowed bases of the larger ectoderm cells are smaller cells,

which are supposed to be sensitive, and may perhaps be

properly called nerve cells.

Stinging Cells.— Among the cells of the ectoderm, both

of the body and of the tentacles, are peculiar bodies called
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thread capsules, .tinging cells, or »,««/«„„. These

thread c'ri ""t
''^'"' ""'"^ disturbed ""haCe a fin^thread coiled within. When the hydra is irritated Z

T.T, ,
""^ '""'° "f ='«^'' ""-ead. close to thecapsule, are a few fine barbs, and it is sup,K>sed that a

th'read'cIZi?
'".read capsule Thread c.p.ul.«P"'e P.u,ly discharged

fully di«:harf«i
FIG. ,81. STINGING CELI^ OF HVDRA. HIGHLY MAGNIFIED.

poisonous substance is contained within the capsule Atany rate, the result of coming in contact with this sortof apparatus is a stinging sensation, like that caused byne ties, but, of course, the hydra is so small that it doesnot produce much effect except on very small animals.

alainst .\'T.
''"''''''"• "^'' "^ " "^^^^ «--' -i'-

and i. n'' 'f
'''^'^ '^"^ '''' victim' to the mouthand It is swallowed.
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TheEndoderm.— The cells of the endoderm are larger

than those of the ectoderm. They are also less uniform

in size. They are darker colored, sometimes containing

brown coloring matter. The green hydra contains chloro-

phyll. The endoderm cells often exhibit amoeboid move-

ments, and frequently show food particles and large

contractile vacuoles, such as noticed in amoeba. Project-

ing from these cells into the cavity are sometimes found

large flagella.

Digestion in Hydra.—When food is taken into the central

cavity it i^ supposed to be partly digested here, this often

being called the digestive cavity. But, at any rate, parti-

cles not completely digested are taken into the endoderm

cells, where no doubt digestion takes place ; and from the

material digested by the endoderm cells the ectoderm gets

its nourishment. We here see a division of labor, the outer

layer producing the motion, obtaining the food, and pro-

tecting the whole, while the inner cells do the work of

digestion.

Locomotion.— While the hydra is pretty firmly attached

by means of a sticky substance secreted by the cells of the

base, it can let go and move away. It sometimes bends

over, attaches itself by the tentacles, and then lets go at

the base and pulls the base up close to the place where the

tentacles are fastened, and by repeating this action crawls

along like a "measuring worm." Or it may bend over,

attach itself by the tentacles, let go at the base, and turn

the base clear over, thus turning a complete somersault,

though slowly, instead of with a spring. Sometimes, also, it

appears to crawl slowly by means of the tentacles alone.

But hydra is not a great traveler, preferring to wait for

something to turn up, rather than hunt for food. We see

how well fitted it is for a sedentary life, for with the long,

iii.

aK3SV^^»HB«^HIViBy.&^-^S^ ^R;. '^^<>J?SSr^-^fiBlCSH



Coelenterata. 317

outstretched tentacles, with their many stinging cells, it

has a trap continually set for the unwary small swimmers
that abound in such places as the hydra inhabits.

Recovery after Mutilation.— One very remarkable fact
about hydra is its ability to live and grow after injury. If
cut into several pieces, each grows into a complete hydra.

MultipUcation by Budding.— Hydra multiplies by bud-
ding. A small part of the wall bulges out and forms a
cylindric branch, with a double wall continued from the
two layers of the body, and the hollow of the branch is

continuous with that of the body (see Figs. 179 and 180).
After a while, a circle of tentacles is formed at the end of
the branch, and an opening appears at the end for a mouth.
Finally the base of the branch is constricted and the branch
separates and is an independent hydra.

MultipUcation by Eggs.— Among the cells of the ecto-
derm, we noticed that certain cells are smaller and lie

deeper than the others. Some of these cells develop into
egg cells, or eggs. They are covered by the outer cells,
but make a marked bulging. This is the ovary (from ova,
eggs) and is usually found at about one third of the length
from the foot of the hydra (see Fig. 180). A somewhat
similar growth occurs near the tentacles, but the contained
cells are different. Instead of spherical cells like the egg
cells, here are produced cells resembling a miniature tad-
pole, with an oval head and a vibrating tail. These are
the s/>erm cells, or spenns, and the enlargement in which
they acre developed is called a spemtary.

CLASS I.— HYDROZOA.

Hydroids.—Most of the members of this class are called
hydroids, and, as the name implies, they are hydralike.
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But instead of being simple most of them are compound,
or, as it is more commonly expressed, they live in colonies.

We have seen that hydra multiplies by budding. Imagine
a hydra in which the budding continues indefinitely, the
new individuals remaining connected with the parent, ana

Fig. 182. A Hydroid.

After Allman. — From Kingsley's ZoSlogy.

you have the hydroid colpny. The relation between these

members of the colony is more than a mere mechanical
connection, for the internal cavity is continuous through the

colony, so that whatever one individual takes as food may
serve to nourish any one or all the other members of the

community.

'i'^i^'iiM^IK^^^
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?/
'^'"^"""'^y "f« '^ "-ell carried out in thattihere is a well-marked division of labor among the members. Some, called nutritive individuals, devote ,hems" veso the work of obtaining and preparing food for the whlsome develop the stinging cells and protect the oThet'

pro";ction
""' °" °"'" "^"''^" '"' -""""»-' -d

are" ob.Jl'lif
'*""'* " ='"'""»•" "°^' "' "-e hydroidsare p anthke m appearance, hence are often called zoc^phytes. Some resemble tufts of moss, others are simolvbranched -nd trailing like the ground pine. They va™

example is whitl^ht bt::^,t^ ^ms rdo^'/:
ft^rry coatmg on the wooden piles of wharves, p.eTr etc

on the connectmg and supporting stalks. The unitT

ni^wTthiiroZar "^^^''j.^- ^^"'-

wbich is at the .e:':^r'ltHnrrtLt aT^;

uon with all the other zoo ds of the rnl^n,, c j ,

tentacles are solid instead of hoLw ; but̂ L atZe' tt
=>"nging cells that serve for securing food T, <r,? fkmouth is distinctly raised above the bLs o^ the^en '0';
and ,s capable of closing into a cone-shaped mass hehypostome, or opening into a bell-shaped en^ce
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A Tubularian Hydroid.— The general appearance of a
zooid of a tubularian hydroid may be seen from Fig. 182.

The body is hydralike, but with a prolonged mouth. There
are two layers of the body, the ectoderm and the endo-
derm. The ectoderm of the tentacles is provided with
nettle cells.

Structure of the Stem.— The structure of the common
stem is similar to that of the zooid. The outer covering of
chitin is called the peribarc, while the soft tube within, con-
sisting of ectoderm and endoderm, is called the cenosarc.
The endoderm cells have flagella.

Action of a Live Zooid.— The live zooid captures small
animals by stinging them as does the hydra. It uses the
tentacles to draw them into the mouth. After the food is

softened and reduced to a liquid, it is circulated by the
vibrations of the flagella of the cells of the endoderm. The
nettle cells serve for protection as well as in securing food.

When the zooid is disturbed, it withdraws into the protect-

ing cup, or hydrotheca, and may thus remain for some
time.

Development of a Zooid— Budding. — The colony in-

creases in extent by budding. A bud forms on the side
of a main stem. The bud consists of the same layers as
the stem, namely, the perisarc and cenosarc. The bud
swells into a knob, the cavity of the main stem extending
into it, and the nutritive liquid circulates in the bud. After
a time the perisarc ruptures at the end and expands into

the cup, the cenosarc forms a mouth at the end, tentacles

develop around the mouth, and a new zooid is complete.

How a New Colony is formed— Medusa Buds. — By a
continuation of the process just described the colony is

increased in extent, but no new colony is formed, for none
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of these parts separate from the colony. But certain buds
differ from the above. Usually near the base of theCO ony are to be found longer buds which develop differ,
cntly. They become long and club-shaped, -^he soft
cenosarc blastostyle, develops circular side buds, calledmedusa buds, which finally become detached and swfmaway, passmg out of a hole which is formed at the end ofthe gonotheca, as the perisarc is here called.

Medusae -The medusa bud when developed becomesan umbrella-shaped body, and is called a medusa, or Xna hydromedusa. It is. in fact, a small kind of jellyfishThe outs.de of the umbrella is called the exumbrilla' and

the uhf' ''^r^"";^-"--
Hanging from the center ofhe subumbrella surface is a short handle, the manubrium.

It IS hollow, and the opening at its end is the mouth. The
cavity extends up through the handle, and continues as four
xadiatmg tubes to the margin of the umbrella. These
four radiating tubes, or canals, are connected by a circular
canal, runnmg around near the margin. Food is taken in
at the mouth, digested, and circulated through this system
of canals. From the margin of the umbrella a short fold
or shelf extends inward horizontally, and is called the veil
(velum). Around the margin are numerous tentacles, and
on the margin certain spots supposed to be organs of a
sense of direction. Some medusae have around the mar-gm of the umbrella a series of black spots, which are rudi-
mentary eyes. The umbrella has the power of expanding
and contracting, and by this means the medusa swims
sometimes it turns inside out.

How a Medusa Multiplies.- Suspended from the sub-
unibrella surface, close to the four radial canals, are four
sphencal bodies. These are the gonads. In one indi-
vidual the gonads produce eggs (ova), and in another

TS?'-^-:^
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individual they produce sperms. The gonads set free

their contents in the water, and the eggs are fertilized by
the sperms. After fertilization, the egg develops first into

a simple hydralike polyp, and later, by budding, into a

branched hydroid like the form

that produced the medusa.

Alternation of Generations. —
Thus we see that these hydroids

have two forms, and neither one is

complete. The hydroid form can

spread as a colony, but it can form

no new colony. But by means of

the medusae, which are free-swim-

ming, it forms new colonies, which

may be at a -distance from the

original colony. This peculiar

process of development, hydroids

giving off medusae, and medusae,

in turn, producing eggs which

develop into hydroids, is known
as "alternation of generations."

It is found in some other lower ani-

mals, and among the Arthropods.

Other Forms of Hydrozoa.— The
great majority of Hydrozoa have

an alternation of generations as

described. But there are others

in which there is only a medusa
form, no polyp form appearing,

the eggs produced by the medusa
developing directly into a medusa form. In others the

medusa buds are produced, but are not set free. While
remaining attached, they produce and set free the eggs

Fig. 183. Portuguese
Man-of-war.

M
'-«««pi^ii«ppri?r ,^^^'^m^vpitam- '«^^.
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and sperms, which develop into polyp form. The siphon-
ophores are in colonies, but, instead of being fixed, are
free. Some swim by means of bell-shaped zooids. resem-
blmg a cluster of medusae, while other zooids in the group
devote themselves to nutrition, and others to the work of

irTfZ J""
°'^'' ^^"^^ °^ siphonophores there is a

bladderhke float, and locomotion depends upon the windand current. The Portuguese man-of-war is an example.

who handles them carelessly finds that this whole branchmay well be designated "the sea nettles."

CLASS II.— THE SCYPHOZOA.

J«"yfi8l^e8.--This class is mostly made up of the larger
jellyfishes. One of the most common on the New eL-
land coast is the common white jellyfish, known as Aurelia.
It IS saucer-shaped and frequently is a foot or more in
diameter. It is gelatinous and semitransparent. la the
center of the subumbrella is a short stalk, or manubrium.
At the end of this is the square mouth, from the corners
of which extend four delicate processes, the oral arms.
The short gullet leads from the mouth to a roomy stomach
whose four gastric pouches extend halfway to the margin
There are many fine radiating canals and a small, circular
marginal canal On the floor of each gastric pouch is a
brightly colored gonad, whose contents, eggs or sperms,
are discharged into the stomach and pass out through the
mouth. Along the inner border of each gonad is a row
of delicate gastric filaments, well supplied with stinging
cells, whose function is to paralyze the animals taken in as
tood. The margin has a fine fringe of tentacles. Evenly
distnbuted on the margin are eight peculiar sense organs

vjf^s-a



li:

324 Descriptive Zoology.

Development of the Scyphozoa.— The egg, after being

fertilized, divides into many cells. These finally arrange

themselves into a two-layered sac. This becomes cylin-

drical and attaches itself by one end. The other end
opens to form a mouth, around which tentacles develop,

Fig. 184. Jellyfish.

The four long projections arc the oral (mouth) appendages. The slender hanging

projections are the marginal tentacles.

thus forming a hydralike or polyp form. This elongates

and becomes constricted transversely so that it resembles

a pile of saucers, each of which is scalloped. These
saucer-shaped parts become detached in order from the

•^^msm^'^^^m^w .hP^^;^-
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top, each, except the first, forming a jellyfish. The sur.
face that was uppermost becomes the subumbrella.

Other Jcllyfi8he8._Most of the jellyfishes are essen-
tially similar to Aurelia, though they differ considerably in
their shape, some being conical instead of saucer-shaped.
They often are seen in great schools, swimming lazily by
gently opening and closing the umbrella, or floating at
the surface

;
or they may sink out of sight at will. They

are mostly marine, and most are free-swimming, though a
few are permanently or temporarily attached by the exum-
brella surface. They are all carnivorous, feeding largely
on Crustacea. Most of them are very beautiful, being like
cut glass, or brightly colored, many being beautifully phos-
phorescent. The great blue jellyfish of the New England
coast sometimes is seven feet in diameter with tentacles
a hundred feet long. Smaller specimens of this sort, when
seen by transmitted light, as when in an aquarium
resemble immense amethysts.

*

CLASS III.-ACTINOZOA.

Sea Anemones. -To this class belong the sea anemones
and most of the coral polyps. The common sea anemone
IS hydrahke, that is, it is cylindric, attached by the base
The tentacles are numerous and are borne on a disk sur-
rounding the mouth at the free end. The mouth is an
elongated slit. The internal structure differs considerably
from that of the hydra. In the first place, the mouth
does not open directly into a simple body cavity, but is
continued as a tubular gullet, which extends halfway down
he body A series of radiating partitions run the whole
length of the body, extending from the outside of the
gullet to the body waU. Below the lower end of t'le
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gullet the free inner edges of these partitions, the mesen.
teries, may be seen.

Digestion in the Sea Anemone.— Small animals, such as
crustaceans, mollusks, and fishes, which come in contact
with the tentacles, are partially paralyzed. They are then
drawn into the mouth and passed through the gullet into
the digestive cavity below, which may perhaps be called

Fig. 185. Sea Anemone.
After Emerton. — From Kingsley's Zodlogy.

the stomach. On the edges of the mesenteries below the
gullet are many threadlike projections, called the mesen-
terial filaments. These filaments are richly provided with
nettle cells, which complete the killing of the prey. The
filaments are also furnished with gland cells, which supply
the liquid for digesting the food. The liquefied food ma-
terial may pass up into all the ipaces '-etween the mesen-

l.lL
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tcrics, cf intemiesenteric spaces, as they are called

tween thet!" T^ ^°"^"^"nicate with one another. Be.tween the mesenteries are ridges, extending inward fromthe outer wall, but not reaching the gullet. These ar^incomplete or secondary mesenteries.
^^^se are

Change of Form of the Sea Anemone.- When undis.urbed the animal is cylindrical, sometimes long soletjmes broad, so that many of them resemble the""0;
the chrysanthemum, daisy, anemone, and sunflower. They

CO ored T^^^^^^ rr '°^ "^^"^ °^ ^^- - b-"tiful y

colors lli^llT "' '^^ °'^'" ^^"^^^ "'^^ --•<^gatedcolors It IS hard for one who has lived all his lite inland

actual y animals and not plants. But disturb one of these
flowerlike animals and it shows its real nature. It atonce begins to shorten, to withdraw its tentacles, andshrink into a rounded mass lying close to its attachmentThe mesentenes are well supplied with longitudinal mus'-
cles. whose shortening draws the body down close. Near
the margin of the disk are strong circular muscles which
shorten and shut in the free end. over the retracted ten-
tacles, like a bag with a draw-string, so that all that
appears resembles an old felt hat. with, perhaps, a little
indication of a hole at the apex. After the disturbance
ceases the sea anemone may gradually expand again
Development of the Sea Anemone.- Sea anemones lay

eggs, which are developed in the mesenteries near their
tree edges. The later development resembles that of the
jellyfishes. but there is no alternation of generations

General Characteristics of Sea Anemones.- Sea anem-
ones are all marine. They are all single, that is. theydo not form colonies. They have no true skeleton. Some

*"W'ril
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sea anemones attach themselves to the shells inhabited by

hermit crabs. They thus get transportation, and are

more secure of getting food. In return they protect the

crab, for few animals care to eat so tough and nettling an

animal as a sea anemone.

Coral Polyps.— The coral polyps are essentially like

the sea anemone in their structure. Hut, unlike the sea

anemones, they are almost always in colonies. They are

unlike the sea anemone, too, in secreting carbonate of lime

at the base. The single coral makes a cup or circular

1

Fio. i86. A Cluster of New England Coral Polyps.

They aecrete but little coral.

wall, with radiating partitions, these radiating partitions

alternating with the mesenteries. In the colonies these

individual cups fuse more or less together, making im-

mense masses of coral.

Kinds of Coral Polyps.— Coral polyps are usually

classed in two groups, according to the number of ten-

tacles. In the sea anemone the tentacles are some mul-

tiple of six. Some authors call these Hexacoralla. To
this group, besides the sea anemone, belong all the true

corals which produce coral reefs and islands. As is well

d
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known, th- - cannot build coral in cold water, being
limited U. ,. a the temperature of 60* F. The other
group have the tentacles on the plan of eight, and are
sometimes therefore called Octocoralla. They make little
coral, but form whipUke and fanUke colonies, the sea

Fio. 187. Red Coral Polyps.

fans, and sea pens, or sea whips. These have a homy
core with loose limy material on the outside. To this
group belongs the well known red coral of the Mediterra-
nean. The polyps of many of the corals are exceedingly
brilliant.

GENERAL CHARACTERISTICS OF CCELENTERATA.

1. There is no digestive tube separate from the b<.dy
cavity

.

"^

2. Stinging cells are almost always present.
3- The body is usually radially symmetrical, but in some

there are traces of bilateral symmetry.
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4. In addition to producing eggs, many multiply by bud-
ding, which often results in (5),

5. Colonies, often showing marked division of labor
among the differentiated individuals, or zooids.

6. The body consists of three layers : an ectoderm, and
endoderm, and a middle, supporting layer, called the meso-
glea.

7. The coelenterates are mostly marine.

CLASSIFICATION OF CCELENTERATA.

Class I. Hydrozoa ; examples, hydra and the hydroids-
Class 2. Scyphozoa ; examples, most of the large jelly*

fishes.

Class 3. Actinozoa ; examples, the sea anemones and
most stony corals.

Class 4. Ctenophora, the " comb jellies."

f

1

'
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CHAPTER XXI.

BRANCH ECHINODERMATA.

The echinoderms include the starfishes, brittle stars,
sea urchins, sea lilies, feather stars, and sea cucumbers, all
exclusively marine.

CLASS I—ASTEROIDEA.

Example.— The Common Starfish.

Occurrence.— The common starfish is found all along
the Atlantic coast from Labrador to Florida. It is more
abundant in the shallower water, especially on the oyster
beds. Other kinds of starfishes are found deeper.

General Appearance.—The common starfish is a five-
rayed star. The central body is called the disk and the
arms are the rays. In the center of the more flattened
surface is the mouth; hence this surface is called the
"oral" surface in distinction from the opposite "aboral"
surface, which is more convex.

The Skelet6n.--One of the noticeable features of the
starfish is its roughness. This is d^ie to the limy skeleton,
which consists of many small pieces (ossicles) of calca-
reous material loosely and, in the main, irregularly joined
together by more or less muscular tissue, so that the star-
fish can turn or twist the rays about to a considerable ex-
tent. The skeleton is embedded in the tough body wall,
which is more or less ciliated, externally and internally!
Many of the ossicles bear rigid projecting spines, while on

J3I
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the oral surface, especially along the borders of the

grooves on the oral surfaces of the rays, are movable

spines attached to the ossicles of the body wall.

On the aboral surface are many small pinchers, consist-

ing of a short stalk bearing two calcareous blades. The

n

Fio. 188. Common Starfish.

Stalks are flexible, and the blades of the pinchers may be

seen opening and closing. It is thought they are for the

purpose of keeping the body clean by picking up and re-

moving small particles. These pinchers are called pedi-

cellariae.

The Water Tube System.— Before we can understand

how the starfish locomotes we must get an idea of the

water tube system, or water vascular system, as it is usually

called. In the first place, an examination of a live starfish

will show the rows of soft, flexible, cylindric tube feet in

the grooves in the rays. By watching the live animal it

,£>' «aef mrmafm^
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will be seen that these tube feet are retracted, extended,and vanously moved about. For protection the feet canbe withdrawn into the groove. But commonly the feetare applied to the surface on which the starfish is creep-

wLr ^Z-
'"''" '°°'

I' " """'o* '=y""<''=^' containing
water, and .s connected by a slender tube, passing between the ossicles, with a water bulb in the cavity of the

2\ T "" *°°' """^ *' '"'"' "" "'^''^'- 'o when
the bulb contracts ,t forces more water into the foot and

Madreporic
plate

Stone canal

Radial canal

Fig. 189. Watkr tube svsiem of Startoh.

extends it; and when the foot shortens it can send thewater back mto the bulb. Around the mouth is a circular

rrancVr'f'
"":.' ''"'' ' *"•" ="""« «-" -y: »<• "^e

branches from these radiating tubes supply the tube feet.On the outside of the aboral surface, between the bases oftwo of the
_ jhere is a wartlike body. This is themadreponc plate. It is perforated. Water enter, it and

-aM^^^^'««Sll«^:^ •*- :"-
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passes down through a madreporic canal or j/^«^ ra«a/

(made of the same material as the skeleton), and this

stone canal empties into the circular water tube around

the mouth. Thus water, filtered through the madreporic

plate, is supplied to the whole water tube system. There

is also a series of water bulbs opening into the circular

water ring ; these are the Polian vesicles.

How the Starfish Crawls.— When the starfish wishes to

crawl, it distends the tube feet by the action of the water

bulbs (or water sacs, called ampullce) along the inside of

the rays. The flattened disklike ends of the feet are

closely applied to the surface on which it is crawling. Then

the center of the disk is somewhat retracted, making a sort

of " sucker," by which the foot holds firmly. When many

feet are thus holding there is considerable power, and when

the feet are now shortened the body as a whole is pulled

along. The starfish can climb vertical .vails or even cling

to the under side of a horizontal surface. And so strongly

can it hold that sometimes, when the collector tries to pull

it away he simply tears the starfish in two. The starfish

can crawl with any ray foremost.

The Digestive System of the Starfish.— The mouth opens

into a large stomach which fills nearly all the space in the

central body, and has, in addition, a large lobe extending a

short distance into each ray. The stomach is thin-walled

and very extensible. This wide part of the stomach is

called the cardiac portion. The stomach narrows above,

and again widens to form the pyloric portion. Into this

portion is poured the secretion of ten digestive glands, a

pair in each ray. The ducts of the two glands in each

ray unite, so there are five ducts entering the pyloric

stomach. These glands are like long bunches of small

grapes. The glands are held in place by thin folds of the

ms^j^m.:i^3[^^mm^
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IZ K "^ "f,
'"""'"'' * '''="''^' '"'««"« "tends upto the aboral wall, a little to one side of the center. Itsopenmg .s hard to find and in some starfishes is entirely

nhil^t^*^"'?,^?^
"* "'^'' "' ^'*-'«-- Starfishes feed

chiefly on mollusks, especially on oysters and mussels.The starfish arches the body over the oyster, and thenurns .ts stomach inside out and around the soft body of

tlT4l '"" "^'^"""S "• *'"«'^='*^ the stomachagam. This seems an odd way of eating, but certainly it
IS an economical way, for the starfish takes only what itcan digest and absorb.

Damage done to Oysters.- The starfish is a very vora-cious animal, and the injury done by it to the oyster indus-
try IS ve^r great. The oystermen have learned that theymust make effort to keep the oyster beds clear of starfishes

How Starfishes recover after MuaUtJoii.-A starfish
torn m two will grow, and nay make two complete star-
tishes. The oystermen kn .w that it will make a bad

th^KT'/" 'r '^' P'""^' '^ '""> P'«" and throwthem back mto the water. Expc iments show very great

sttZh 'T'^ "*'" ""'"'"''™ Frequently one finds
starfishes with one ray missing, or even two or three
Occasionally the collector finds a specimen with but one
fully developed ray, the other four having been lost. Fournew rays may, perhaps, be started, which in course of time
will grow to full size.

The Body Cavity. -The starfish is a decided advance^thc coelenterate type of structure in having a distinct
tiody cavity, separate from the digestive tube
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Circulation. — There is no well-developed circulatory

system, such as we find in the higher animals. There are

blood corpuscles in the liquid contained in the general body
cavity. This liquid pervades all parts, and is set in motion

by the cilia of the lining membrane, and by the general

movements of the stomach and the bending of the rays

;

these movements seem to suffice to circulate the contained

liquid, which probably directly receives the absorbed prod-

ucts of digestion.

Respiration in Starfishes.— There is no very complete
system of respiration in starfishes. In fact, no such system
is needed, for the whole body, inside and out, is constantly

bathed in sea water. StiJl, it is thought by many authors

that the tube feet are the chief agents in absorbing oxygen
from the water and giving off the waste. There are also

many holes through the aboral wall, from which extend

slender projections of the thin, soft lining membrane of

the body cavity. These are now supposed to be gills.

The Nervous System and Senses. — The nervous system

is near the surface, and can be seen without dissection.

Around the mouth is a five-angled nerve ring, which gives

off a radial nerve along each ray. It may readily be seen

by separating the tube feet along the middle line.

At the extreme end of each ray is an eye spot, which

shows as a distinct red spot in a fresh specimen of the

common starfish. In alcoholic specimens it is hard to see.

Close to the eye is what appears to be a tube foot, but

without the disk at the end. This is called a tentacle, and
is now believed to be an organ of smell. The sense of

smell seems to be a much better guide than sight in bring-

ing the starfish to its food. There is undoubtedly some
sensitiveness to touch, but of this and any other senses

little is known.

'mm M^^^ ^^^



Echinodermata. 337

Development of the Starfish.— The female has a pair of
ovaries at the base of each ray. They are like slender
bunches of tiny grapes. The eggs pass out of minute pores
in the angles between the bases of the rays. In the males
the spermaries occupy a similar position and resemble the
ovaries in form, but are lighter colored, usually white. The
young starfish goes through a remarkable transformation,
the young no more resembling

the adult than in the case of

many insects with which we
are familiar. The most strik-

ing fact is that the young is

very distinctly bilaterally sym-
metrical, showing no traces of

radial symmetry.

Other Forms of Starfishes.—

Most starfishes are five-rayed,

but in some the rays are so
short that the whole animal is

a pentagon, the rays hardly

extending beyond the disk. Some are brilliant, exhibiting
beautifully complementary colors of purple and orange.
The number of rays may be as many as twenty. A Pacific
starfish sometimes becomes two feet in diameter.

Fig. 190. Brittle Star; Sand
Star.

CLASS II.— OPHIUROIDEA.

The Brittle Stars. — The ophiuroids are represented by
the brittle stars. Their general form is similar to that
of the starfishes. But the central disk is more distinct and
the arms relatively slender. The arms are more flexible
and the brittle star locomotes by active lateral movements
of the arms, making rapid progress compared to a starfish.

i'if'l fi'j^.rc
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The arms are not hollow as in the starfish, there is no
ambulacral groove and the tube feet project on the side

instead of on the oral surface. On account of the taper-

ing arms, with their active wriggling movements, the
brittle stars are sometimes called serpent stars. They
are also called sand stars. In some ophiuroids the arms
are branched as in the common basket star, whose arms are
many times branched, and become so inroUed as to give
the name basket-fish.

CLASS III.— ECHINOIDEA.

Occttrrence.— Sea urchins are found along the Atlantic
coast from low-water mark to fifty fathoms, being more
common among rocks. They are also found clinging to the
piles of wharves. The northern form is greenish, with
slender spines, somewhat resembling a chestnut bur. The
more southern form is of a dark color, with fewer and
stouter spines.

General Form of a Sea Urchin.— The common sea urchin
is apple-shaped, the mouth being where the stem of an
apple is, and the anus at the opposite end, or pole, as the
ends aie termed. Running from the mouth to the anus are
meridians, marked especially by the five double rows of

tube feet, which, when fully extended, are long and slender,

reaching beyond the tips of the longest spines. For some
considerable space around the mouth is a leathery mem-
brane, the peristome, where the skeleton is undeveloped.

The Skeleton.— As in the starfish, the leathery body wall
abounds in limy plates, or ossicles ; but instead of being
loosely attached to each other, as in the starfish, they are,

in the sea urchin, firmly cemented together, constituting a
rigid shell. These shells are sometimes sold under the
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name of sea eggs. In a cleaned shell, or corona, as it is
sometimes called, there are found ten double rows of caN
careous plates, making twenty in all. Every alternate
double row is closely perforated for the passage of the
tube feet These perforated plates are called the ambu-

Fig. 191. Sea Urchin.
The heavy pro}ectioni are the spines; the long, slender ones ate the tube feet.

lacral plates. Both the ambulacral and the interambula-
cral plates bear rounded elevations, on which the spines
were borne. Each spine has a hollow in its base, which
fits over an elevation on the shell, making a ball-and-socket
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joint, and is capable of a limited motion in any direction

by means of muscles attached around the base. Between
the spines are the pincherlike pedicellariae, as in the star-

fish, only here they have three blades instead of two.

The Water Tube System. ~ The sea urchin has a water
tube or water vascular system essentially like that of the

starfish. There is a water ring around the gullet, with

radiating tubes between the rows of feet along the ambu-
lacral rows. Inside the shell are water bulbs, or ampullae,

as in the starfish, and the mechanism for the operation of

these parts is as described for the starfish.

How the Sea' Urchin Locomotes.— The injected feet are

extended and attached by means of the suckerlike action

at the end of each foot. Then the muscular shortening of

the feet pulls the sea urchin along. This means of pro-

gression is also aided considerably by the movements of the

spines. The sea urchin can climb perpendicular surfaces.

When placed on the aboral surface, it can turn over, though
it is a very slow process. Sea urchins are sometimes found
in deep holes in rocks, and it is believed that they have
gradually made the holes.

Digestive System of the Sea Urchin.— Projecting from
the mouth are usually to be seen five hard, white teeth.

These teeth are movable, not being set in sockets, but held
in a very complicated apparatus, somewhat like a five-angled

top, known as Aristotle's lantern. The whole apparatus is

under muscular control. Through the center of the whole
runs the gullet. Above the tooth apparatus the intestine

runs around the body wall, then reverses, making in all

about two and a half turns around the body wall. It then
extends up to the apex, where it ends in the anus, guarded
usually by four calcareous plates. It is held in place by
a thin membrane, the mesentery.
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from the color of the contained eggs, while the spermaries

are white. The ovaries and spermaries are similar in form,

resembling small bunches of grapes ; and if it were not for

the difference in color, it would require microscopic exami*

nation to distinguish the two sexes. Both the eggs and
sperms are discharged into the water. The sperms are

microscopic, tadpole-like bodies, swimming actively by the

vibration of their tails. If the sperms do not gain access

to the eggs, the eggs do not develop, but soon die. But
usually the sperms surround the eggs, there being, ordi-

narily, many sperms to each egg. One sperm gains en-

trance to an ^gg, at least the head fusing with part of

the egg. The egg is now said to be fertilized.

After fertilization, the egg mass contracts, leaving a

clear space around it inside the outer coat, or cell wall.

Soon the egg mass within divides into two equal parts,

each of these halves again divides into two, the four then

become eight, sixteen, thirty-two, and so on until the num-
ber can no longer be counted and the egg looks like a

spherical mulberry. This process of division is known as

segmentation. The berrylike mass now becomes hollow,

consisting of a single layer of cells. Next one side is

pushed in like a rubber ball with one side punched in;

it now has a wall made of two layers of cells. On the

outside are little hairlike projections of the cells, called

cilia, which by their vibrations propel the body through the

water. A set of needlelike rods develop within the

embryo, which soon make a skeleton, shaped somewhat

like a common chair. This skeleton has a covering of soft

tissue, and the projections, which correspond to the legs of

the chair, are covered with strong cilia for locomotion.

The digestive tube has at first but one opening, that made

by the doubling in of the outer wall, as above mentioned,

't^ .^^^W.'



Echinodcrmata.

fn a

becomes the anus. So far rh
/' ''"^•''"^' ^^'^-'^'^^

unlike the adult bufafter Tt^V^ ""'L"
'^ ^'^*^^

transform into the -eal sea „r k ^ '"'"'^ ^^-'^''"^ ^^

^'^hins. about the ;i;e of'pi /s't";r,;T ^'^ '"'^ ^^"'^

"nth s:-'^sof fh^ ,ri ,
'
^^"^ ^^""^ crawJine

'•^.'.n.a.ov.y at least, radially
-^ni>;ttncil.

Oiher Forms of Echinoids.—
a 'it;:>n to the common

_' »;'«-^i^^Ped sea urchins, we
find very greatly flattened
tonw, such as the sand cake
or sand dollar, also called cake
urchin. The mouth is central,
but the anus is at one edge.
Slightly different is the key.
hole urchin, with narrow open.
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CLASS IV. - HOLOTHUROIDEA.
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Urchin.
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the tube feet. Sometimes the radial symmetry is more

or less altered, for some of th'jse forms so habitually rest,

or creep, on one side that they are said to have a dorsal

and a ventral surface. A sea cucumber may be compared

to a sea urchin that has been drawn out in the direction

of the poles— that is, from mouth to anus— and further

to have lost most of the ossicles In the body wall so that

it is now fle.xible instead of being rigid. There are many

Tube feet

Tentacle*

Fkj. 193. Ska Cucumber.

microscopic spicules in the integument that give jt rough-

ness and sometimes some degree of stiffness. Various

forms of holothurians are found along the Atlantic coast.

Some of the holothurians are so extremely elongated that

they are frequently mistaken for worms. Among the

Chinese and other West Pacific peoples, sea cucumbers,

under the name trepang, are variously prepared for food

They are used principally for soups, and are considerc.l

a great delicacy.

v:Mf^i^i>S'>^ v:^i: l^h^^^'fy?^. .'
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CLASS v.- THE CRINOIDEA.
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^tM V"T~^' "*"'"'' "'"'°''^' »^« borne on a slenderStalk o calcareous disks, so connected as to allow of considerable freedom of motion. The body is flowerlTkl,Z
branching arms surround-
ing the central mouth.
Most of the hving crinoids

are found in deep seas,

and are known
as the sea hiies.

In shallow water
is found a form
that is stalked in

itsearlier life, but

later the body,

with its feathery

arms, is set free
and swims away by the

motions of the arms. These
are known as the feather stars.

Crinoids. — Many fossil crinoids are
found in the Mississippi Valley. The
heads are less common, perhaps be-
cause, being softer, they have been
ground to powder, hut it is common
to find portions of the stems, which
look like a series of buttons piled
one upon another, with a more or

center TK
'*""" ^"''"^"'^ ^'^'^^ '"""'"g through the

TeT'f f
'PP'^' '° ^"'^ ^""" '^ abundant in the

:^:L!:Z:'''
^'^ ^^^^ ^^^^ ^--<^ -^^le strata of

Fi(5. 194. A Ckinoid, OR
Feather Star.

From Kellogg's /.odlogy.
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GENERAL CHARACTERISTICS OF ECHINODERMATA.

1. The body and its various organs are radially arranged
But many show more or less bilateral symmetry.

2. In their development they all undergo a marked meta-
morphosis, the young being bilaterally symmetrical, and

only in a later stage acquiring

the radiate arrangement.

3. The surface has an exoskel-

cton of calcareous plates, with

I'.ovable spines.

4. There is a well-developed

digestive tube, distinct from the

body cavity.

5. There is a peculiar system

of water tubes by whk tube feet

are extended and locomotion effected in the

free forms.

6. They reproduce by means of eggs, and
do not bud.

7. They do not occur in colonies.

8. They are all .ather sluggish.

9. They are all, without exception,

marine.

10. They have remarkable power of

regeneration after mutilation.

The echinoderms were formerly

classed with the coelenterates on ac-

count of the radial arrangement of the

parts of the body; but the echinoderms differ sharply

from the coelenterates in having a digestive tube distinct

from the body cavity, and in having a much higher devel-

opment, as shown in the variety and perfection of their

Fig. 195. Stone Lily
(Crinoid).

From Packard'* ZtSlogy.
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organs. The echinoderms are a very distinct group

CL.\SSES OF ECHINODERMATA.

Class I. Asteroidea— Starfishes.

cZ in
°P/'.'"™i''«''-Sand Stars and Brittle Stars.

C a s IV umT r^^ "^'"'"^ ""'' Cake Urchins.

cL V r"''".'i"°"''=,^-S»=' Cucumbers, or Sea Slugs.Class V. Crinoidea- Sea LiUes and Feather Stars.
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CHAPTER XXII.

BRANCH PLATYHELMINTHES.

The Flatwormt.

[The word " worm " is used in a very loose and indefi-

nite way. In popular language it is applied indiscrimi-

nately to the legless earthworm, the insect larva with
segmented appendages (caterpillar), and to the elongated
mollusk styled the shipworm. All that is required to

merit the title is a soft, elongated, bilaterally symmetrical
body. This superficial view makes no distinction as to

whether the body is segmented or unsegmented, whether
appendages are present or absent, whether the form is

that of an adult or only in the larval stage, and asks no
questions as to internal structure. The old group of
" Worms " had no fundamental unity in plan of structure

;

in fact, they had nothing in common except a general simi-

larity in form. Hence it is natural that an increasing
knowledge should break up the old branch "Vermes."
In its stead we find what were formerly reckoned as
classes of the branch elevated to the rank of branches, as
follows: Platyhelminthes, the flatworms ; Nemathelmin-
thes, the roundworms ; Trochelminthes, the rotifers or
Wheel Animalcules

; the Molluscoida ; and the Annulata,
the segmented or ringed worms, such as the earthworm.]

The Platyhelminthes.— As the name indicates, the body
is flattened. They are bilaterally symmetrical, and with-

out skeleton or body cavity. There is no system of blood-

tubes. The body has three cmbryorJc hyers, ectoderm,

348
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mesoderm, and endoderm. Many of them are parasites,
and some wholly lack a digestive tube. When present
the digestive tube has but one opening, the mouth. They
show a tendency to reproduction by self-division, and most
of them when cut in two develop two individuals.

The Tapeworm. — Probably the most widely known of
the flatworms are the tapeworms. These are parasites in
the digestive tube of various verte-

brates, including man. As the name
indicates, the body is ribbon-shaped,
sometimes attaining a length of thirty

feet. The body consists of segments,
or proglottids, a tapeworm ten feet
long having about eight hundred
segments. There is no mouth nor
digestive tube ; none is needed, as the
worm lives surrounded by material
digested by another animal, and the
parasite simply absorbs nourishment
through its skin. There is a distinct

head, whose chief work is that of at-

taching the worm to the lining of the
intestine

; this is secured by a circle

of hooks at the end of the head and
four sucking disks on the sides. For
a short distance from the head the body is unsegmented

;

then segments are formed by constrictions at intervals;
farther on, the segments grow larger.

Deve'opment of the Tapeworm.— The hinder segments
of the tapeworm contain embryos. These segments drop
off and the embryos are set free, passing out with the
excrement. They are eaten by another animal the hog,
for instance; in the intestine the embryo bores through the

Fig. 196. Tapeworm
{Ttenia solium)

.

In upper left hand corner of
figure the head much mag-
nified. After Leuckart. -

From Jordan and Kel-
logg's Animal Lift.
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wall of the intestine into the muscles or other tissues.
Here it becomes flask-shaped (bladder worm) and develops
a head with hooks and suckers ; but in this condition it
must remain unless eaten by some other animal. If the
flesh be cooked, the bladder worm (cysticercus) will be
killed. The danger comes in eating raw or half-raw meat.
If taken into the intestine of another animal, it attaches
by hooks, or suckers, or botii, and the body elongates by
the formation of segments as above noted.

Kinds of Tapeworms. - Man is infested by at least
three different kinds of tar eworms,- one obtained from
pork, another from beef, and a third from fish ; but the
latter kind is Seldom, if ever, found in this country.
Various animals have their own kinds of tapeworms

usually getting them from a certain kind of animal on
which they prey; thus the dog has tapeworms which
have passed their larval stage in the muscles of the rabbit
The cat gets a tapeworm from the mouse.
The Liver Fluke. - This is another of the flatworms. It

IS a parasite in the liver of the sheep, living in the larger
bile ducts. The eggs develop into embryos which escape

with the excrement.
Then they pass into the
bodies of snails. Here
they reach the larval

stage. After leaving the
snail, they attach them-
selves to damp grass

. .
, ,

under water. If eaten
by sheep, they become fully developed worms like the adult
from whose e^gs they developed. In England it was esti-
mated that 3.000.000 sheep were killed by the liver fluke in
i«8o. and that the average yearly loss is i.ooo.ooo.

Fig. 197. Liver Fluke.
A Irematode worm.
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Platyhelminthes,

CLASSES OF PLATYHELMINTHES.

Class I. Trematoda- Liver Fluke.
Cass 2. Turbellaria -(ciliated).

I Class 3. Cestoda- Tapeworm.

BRANCH NEMATHELMINTHES.
THE ROUNDWORMS

worms belong eo t^c2VTjlL.''°'' " '"' """"•

outside. Thev are hv mo •
'^^^ ^'^^ ^'<^e

be horsehai^f Tat^ave"'
""""' ''^'""•' •"="'=-'' *<>

"come to life" by soaking
in water.

The Vinegar Eel.—This is

another small roundworm
which is well known.

food. The pinwo™ is Je iTnowT >
" '"f

"*'='' *""

and usually'inhabits hi ectul
'

ThrI "'."'""^

sometimes somewhat resLni! .
*" " '"^er.

~. appeajnSr^r.^irrTir
^",tbelongs to the genus Ascaris.

segments. It

^^^I^T-TThe ">ost dangerous of the parasi.ir mund-""" '^ ^™""'"- " '^ ^'"='". not exceeding an' eigl^fh

Fjo. 198. Hair Wokm.
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of an inch in length. It is sometimes called the "pork-
worm. As is well known, this parasite is obuined by
eatmg raw or partially raw pork, and there is no danger
when the flesh is thoroughly cooked. If they gain access
to the intestine of the pig. the females bring forth aHve a

Fig 199. Trichina encvstep in Human Muscle.

,
Highly magnified. — From Packard's Zodlogy.

large number of young. These bore their way outward
mto the muscles and there inclose themselves in a sac or
capsule, where they may remain an indefinite time. If
this pork, uncooked, is eaten by man. the capsule is di.
gested and the larvae are set free. The young soon bore
through mto the muscles and each worm gets into a muscle
cell and coils up in a case or "cyst." which it forms for
Itself.

The Guinea Worm. -In the East Indies occurs another
parasite, the guinea worm. It is sometimes found two
feet long, embedded in the connective tissue under the

.hTh"
"^^'' !^'^^"PP««^d ^b-t the eggs or larv« are

mtroduced in drinking water.

BRANCH TROCHELMINTHES.

THE ROTIFERS.

The Wheel Animalcule. - The word "Rotifer" means
wheel bearer, from the two circular disks at the ant-rior
end. around the borders of which are circles of cilia whr.«.
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motion, resemble the rotation of a wheel. These diskscan be retracted when the animal wishes Th"

usually not exceeding a thirtieth of an inch in len«hThey occur in fresh water, and are usuall^ to be fo^dwhen looking over minute water plants under the micr,^Kope. They are transparent and arc easily examinrd Inheir organs showing without dissection. ThouXsll

bordering the disks. lh::taro a Lru''s L'm ^one or more eyes.
system, with

They can swim by the action of the cilia and fh.t, ,i
progress hy a looping movement. a..a:hing atr^ateiyby

FIG. «». WheEI, ANIMAIt ULE (RotipE«).
From Packard"! ZoJhgy,

the two ends ol' the body. The posterior part of the bodv

: .eU;rri;'::;rth';f*;."; "^ -'^''-" «^-
theyJl revivl^^t^^^::o^,^J:JTl
some:a«ho„thi„kitiscon.ai„edcggsrsri:^ref

BRANCH MOLLUSCOIDA.
This group gets its name from the fact that some of theforms were once supposed to be moliusks. Th're! ° 4opnncipai classes.

*—ic„.^,Ao
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The Pttlywt.—These ar*- rhiefly, though not entirely, ma-
Fine and are known as t..e "sea mats" or "corallines."
They are also known as the "moss animals." These
names ;ome from the fact that they grow in colonies like
mosses. They often incrust rocks with their skeletons
which are either gelatinous, chitinous, or calcareous'
Each individual is frequently contained in a sort of cup
into which it can retract or from which it can protrude to
a certain extent. There is a row of tentacles around the
mouth. One of our fresh-water forms (Pectinatella) has a
gelatinous basis or common body, which is found in spher-

ical masses as large as a man's head,
being attached to branches in the water.
The living animals are on the outside.
Such masses are often called "sponges"
by the fishermen.

The Brachiopods.— These are in

closed in a bivalve shell, and are named
the " lamp shells." Their resemblance
to mollusks is very superficial, the

totally unlike. There is usually a
circle of tentacles somewhat as in the Polyzoa. The
brachiopods are exclusively marine. They are attached
by a stalk which extends through the larger valve near the
hinge. There are many fossil brachiopods.

FlO. aox.

^ lAt "..rs

"sT



CHAPTER XXIII.

CLASSIFICATION OF THE ANIMAI. KWODOM.
(r*rker and Haiwell.)

Branch I.— PrOtOzO'a.

Class I. Rhizdp'oda— Amteha riAK: -/

Class If iw, .• - . ,
'*'"*« oa, G16bigeri'na.

Class V.
lnfus6'ria-Parame'cium,Vorticei'U.

Branch II

—

PorIf'era.

Class I.
P-rfera-,ponges,fresh-waterandmarine

Branch HI.-CctLfeNTERA'TA.

Uass II. Scyphozo'a -jellyfish.
Class III. Actinozo'a- corals
Class IV. C«„5ph'ora (ten-ofT-o-ra) - comb Jelli^.

Branch IV.- PUTYHfiLMlNTHEs.
Cb«

{•TurbelU|na->pla„arianwon„..

ri M,
J'"«'"^tS'da-liver fluke.

Class III. C&t6'da- tapeworm.

Branch v.- NfiMATHfiLMfN'THEs.

Class I. N«mat6'da- roundworms, Trichina.

Branch VI.-TRocHfiLMrN'THEs.

Class I. Rotrfera- wheel animalcules.
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Branch VII.— Molluscoi'da.

Class I. PSiyzo'a— sea mats.

Class 1 1 . Brachiop'oda— lamp shells.

Branch VlII.— ficHlNoofiR'MATA.

Class I. Asteroi'dea— starfish.

Class II. Ophiuroi'dea— brittle stars.

Class III. Echinoi'dea— sea urchins.

Class IV. Holothuroi'dea— sea cucumbers.

Class V. Crinoi'dea— sea lilies.

i\

lit

if-

s

Branch IX.— Annula'ta.

Class I. Chaetop'oda (ke-top'-o-da) — earthworm.

Class II. Gephyre'a (jef-e-re'-a).

Class III. HIrudln'ea— leech.

Branch X.— ArthrSp'oda.

Class I. Crusta'cea— crayfish, crab, barnacle, cyclops.

Class II. Myrlap'oda— centiped, milliped.

Class III. Insec'ta— grasshopper, dragon fly, water bug, butterfly.

Order I. Thysanu'ra— small, wingless insects.

Order II. Orthop'tera— grasshopper, cricket, cockroach.

Order III. Odona'ta— dragon fly, damsel fly.

Order IV. HemTp'tera— water bug, squash bug, cicada.

Order V. Neurop'tera— ant-lion.

Order VI. LepidSp'tera— butterfly, moth.

Order VII. DIp'tera— housefly, horse fly, flesh fly, mosquito.

Order VIII. ColeSp'tera— May beetle, potato beetle, tiger beetle

Order IX. Hymenop'tera— bee, wasp, ant, gallfly, ichneumon fly.

Class IV. Arach'nlda— spiders, ticks, mites, daddy longlegs.

Branch XI. — Mollus'ca.

Class I. Pelecyp'oda— clam, oyster, scallop, mussel.

Class II. Amphineu'ra— chi'ton (kl'-ton).

Class III. Gastrop'oda— snails, fresh-water and marine.

Class IV. CSphalQp'oda— squid, cuttlefish, oc'topus, nau'tilus.

fe
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Branch XII.— Chorda'ta (kor-da'-ta).

Subbranch I. Adglochor da— Balanoglos'sus.

Subbranch II. UrochSr'da— sea squirts.

Subbranch III. Vcrtcbra'ta.

Division A. Acra'nia (without cranium)— lancelet.

Division B. Crania'ta— all other vertebrates.

Class I. Cyclostom'ata— lamprey eels.

Class II. Pfs'ces (pTs'-sez)— fishes.

Subclass I. EhismLbran'chii— shark, ray.

Subclass II. Holoceph'ali— Chimera.

Subclass III. Teleos'tomi.

Order I. Crossopterygii— Polyp'terus.

Order II. Chondrostei— sturgeon.

Order III. Holostei— gar pike, dogfish (of Central states).

Order IV\ Teleos'tei— most bony fishes, such as catfish,

salmon, herring, mackerel, codfish, perch.
Subclass IV. Dipnoi— lungfish.

Class III. Amphlb'ia.

Order I. Urode'la— mud puppy, siren, salamander.

Order II. Anu'ra— frog, toad.

Order III. Gymnophio'na— blind snake.

Class IV. ReptTl'ia.

Order I

Order II

m

Squama'ta— lizard, snake.

Chelo'nia (ke-lo'-ni-a)— turtle.

Order III. Crocodrl'ia— alligator, crocodile.

V. A'ves.

Rati'ta; (breastbone without keel)— emu, ostrich.

Carina'tas (breastbone keeled).

I. Pygop'odes— loon, grebe.

Impcn'nes— penguins.

Turbina'res— p2t'rels.

Steganop'odes— cormorant, pelican.

Herodio'nes— heron, stork.

An'seres — duck, goose.

AccTp'itres— hawk, owl, vulture.

Crj'pturi— tinamou.

GalH'nae— grouse, quail, turkey.

Gral'lae— rail, crane.

Ga'viic — gull, tern.

Class

Division A
Division B

Order

Order

Order

Order

Order

Order

Order

Order VIII

Order IX

Order X
Order XI

II.

III.

IV.

V.

VI.

VII.

iSi.fV:',- !M "m* ^mi^m^'' ^^--.'^n ik"^!^t''"
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358 Descriptive Zoology.

Order XII. Limlc'olaj— snipe, plover.

Order XIII. Ptgrocle'tes— sand grouse.

Order XIV. Colum'bae— pigeon, dove.

Order XV. Psit'taci (sit'-a-si) — parrot, cockatoo.
Order XVI. Stri'ges (stri'-jez) — owls.

Order XVII. Pica'riae— woodpecker, cuckoo, humming bird
Order XVIII. P^s'seres— robin, lark, sparrow, thrush, crow,

Class VI. M5mma'lia.

Subclass I. Protothe'ria— duckbill, spiny ant-eater.

Subclass II. The'ria.

Section A. Mgtathe'ria (marsupials) — opossum, kangaroo.
Section B. Euthe'ria.

Order I. Edenta'ta— sloth, ant-eater

Order II. Ceta'cea— whale, porpoise, dolphin.

Order III. Sire'nia— manatee, dugong.
Order IV. Ungula'ta: —

Odd-toed (PerTssodac'tyls) — horse, tapir, elephant
Even-toed (Artiodac'tyls) — ox, sheep, deer, pig.

Order V. Carntv'ora— dog, cat, bear, wolf, fox, seal.

Order VI. Rodgn'tia— rat, mouse, rabbit, squirrel.

Order VII. Insectlv'ora— mole, shrew, hedgehog.
Order VIII. ChirSp'tera— bat.

Order IX. Pri'mates— lemur, baboon, ape, man.
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Abalone, 136.

Abdomen of grasshopper, 2.

Aboral surface of starfish, 331.
Acrania, 148, 153.
Actinozoa, 325.
Adaptation, 15.

Adelochorda, 148.
Air bladder of fish, 155, 163.

Sacs of grasshopper, 5.

Of pifson, 216.

Of snake, 201.

Tube of grasshopper, 5.
Albatioss, 226.

Albumen, 219.

Alligator, 206.

Gar, 177.

Alternation of generations, 332.
In tunicates, 151.

Ambulacral plate, 339.
Ammonites, 144.
Amoeba, 286.

Dividing, 289.

Encysted, 289.
Amphibia, 181.

Amphioxus, 151.

Amphipoda, 84.

Ampullae, 333,
Angle, facial, 282.

Animalcule, bell, 294.
Slipper, 291.

Wheel. 352, 3S3.
Annulata, 87.

Anolis, 197.

Ant, so, SI.

Ant-eater,
2s6, 257, 260.

Ant lion, 24.

Antelope, 273.
Antenna of grasshopper, 4,
Anthropoidea, 282.

Antidote for snake bites, 204.
Antlers, 274.

AnuiA, 195.

Aortic arches of earthworm, 95.
Aperture of snail shell, 127.
Apes, 282.

Aphids, 23, so.

Appendix vermiformis, 283.
Arachnida, 5s.
Arches, aortic, 9s.
Aristotle's lantern, 340.
Armadillo, 259, 260.

Arms, oral, of jellyfish, 323, 324.
Of squid, 139.

Arrowfish, 140.

Arteries of crayfish, 68.

Arthropoda, i, 54, 77. 86.

Artificial selection. 218.

Artiodactyls, 267, 269.
Ascaris, 351.
Ascidians, 148, 149.
Assimilation in amoeba, 290.
Asteroidea, 331, 347.
Auks, 22s.
Aurelia, 323.

Automatic action, 389.
Aves, 208.

Badger, 282.

Balancers, 32, 36.

Balanoglossus, 148.

Baleen plates, 265.

Barb of feathers, 208.

Barbadoes earth, 299.
Barbels of catfish, 173.
Barbules of feather, 208.

Bark lice, 24.

Barnacles, 81, 82.

Basket fish, 338,
Star, 338.

Bass, 166,

Batrachia, 181.

Bats, 264, 265.

Beach f!e3s, 84.

I Beak of pigeon, 314.

359
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Beak of squid, 141.

Bear, 279, 280, 281,

Beavers, 262.

Bedbug, 24.

Bee glue, 47.

Bees, short-fongued, 49.

Bell animalcule, 294.

Belostoma, 20.

Benacus, 20.

Bend of wing, 209.

Berry lobster, 74.

Bighorn sheep, 270.

Bile duct of pigeon, 215.

Sac of snake, 201.

Bill of woodpecker, 237.

Bird, external features of, aio.

Birds, fossil, 242.

Came, 244.

Value of, 244.

Bison, 272,

Bittern, 229.

Black bass, 172.

Blackbirds, 239.

Black snake, 200.

Blacktail deer, 274, 275.

Bladder of crayfish, 70.

Urinary, of perch, 157.

Bladder worm, 350.

Blastostyle, 321.

Blind snake, 195.

Blister beetle, 41, 52.

Blood of earthworm, 94,

Blood tubes in earthworm, 94.

Blowfly, 35.

Bluebird, 240, 241.

Blue racer, 200.

Bobcat, 279.

Bobolink, 239.

Bob-white, 231.

Body cavity of earthworm, 89.

Of hydra, 314.

Of starfish, 335.

Borers, 40.

Botfly. 35.

Bowfin, 178.

Boxshell turtle, 205.

Brachiopods, 354,

Brachyura, 84.

Braconids, 52.

Brain of fish, 285.

Brain of mouse, 285.

Of pigeon, 217.

Of snake, 285.
^

Of sparrow, 285.

Of toad, 285.

Of vertebrates, 285.

Branchiost-'^al membrane, 160.

Branchiostoma, 151.

Breastbone of pigeon, 211.

Bristles of earthworm, 9a
Brittle stars, 331, 337.
Brood comb, 47.

Browsing, 277.

Bud of hydra, 314.

Budding of hydra, 317.

Of hydroid, 320.

Buffalo, 272.

Buffalo fish, 166, 173.

Bugs, 20.

Bulb, spinal, 285.

Bumblebees, 49.

Butcher bird, 240.

Byssus, 119, 125.

Cabbage butterfly, 27.

Cake urchin, 343.

Calcareous sponge, 308.

Camel, 277.

Canal, marginal of jellyfish, 323.

Canvasback, 228.

Capsule, egg, of earthworm, 88.

Thread of hydra, 315.

Carapace, 205.

Carinatos, 222, 223.

Carnivora, 278.

Carp, 166, 173.

Carpet beetles, 41.

Carrion beetles, 41.

Crow, 236.

Eaters, 217.

Cassowary, 222.

Catbird, 240.

Catfish, 166, 173.

Cats, 278.

Caucasian, 282.

Ceca of grasshopper, 7, r>.

Of perch, 157.

Of pigeon, 216.

Cecropia, 30.

Cecum of man, 283.
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'.a i-\ f ibtir 1



Cecum of rabbit, asa
Cell, 301.

Wall, 301.

Celom, 89.

Cenosarc of hydroid, 330.
Centiped, 54.

Skein, 55.

Cephalizalion, 80.

Cephalopods, 138.

Cerebellum, 285.

Cerebrum, 285.

Cestoda, 351.
Chalk, 298.

Chameleon, 198.

Channel cat, 173,

Chickadee, 241.

Chimney swallows, 238.
Chinch bug, 23.

Chipmunk, 262.

Chitin, 84.

Chiton, 136.

Chordata, 148, 246, 284.
Chromatophores of squid, 141.
Cicada, 30, 22.

Cilia of earthworm, 96,
Of Paramecium, 293.
Of rotifer, 353.
Of vorticella, 295.

Ciliated chambers, 308, 310.
Circulation in clam, 116.

In crayfish, 68.

In earthworm, 94,
In frog, 184.

In grasshopper, 6.

In perch, 157, 159.
In pigeon, 216.

In rabbit, 251.

In snail, 130.

In snake, 202.

In squid, 142.

In starfish, 336,
Cirripedia, 83.

Clam, foot of, 105.

Fresh-water, 102.

Giant, 125.

Hard, 121.

Long, 120.

Muscles of, 109.

Razor-shell, 124.

Rounds 131.

Index.

Clam, siphons of, 105, xo8.

Soft, lao.

Clam shell, 102, 103.

Growth of, 1 10.

Structure of, 109, 110
Clavicle of pigeon, 213.
Claws of cat, 278.

Of dog, 279.

Click beetles, 41,

Climbing birds, 237.
Clitellum of earthworm, 88.
Cloaca of pigeon, 216.

Of snake, 201.

Of sponge, 310.

Cloven-footed animals, 269.
Clypeus of grr.sahopper, 2.

Cochineal inseci, 24, 52.

Cockatoo, 237.

Cockroaches, 13.

Cocoons of ants, 50.

Of lepidoptera, 30.
Of spider, 59.

Codfish, 165, 172.

Codling moth, 30.

Coelenferata, 313.

Cold-blooded animals, 291.
Coleoptera, 36, 43.
Collar bones of pigeon, 213.
Colon, ascending, 283.

Descending, 283.

Transverse, 283.

Colonial protozoans, 305.
Colony of hydroids, 318.
Color dimorphism, 235.

Of fishes, 164.

Of frog, 185.

Of jellyfishes, 325.
Of rabbit, 25X
Of squid, 141.

Colorado potato beetle, 39.
Colors of birds, 219.

Commercial sponge, 309, 310.
Conchology, 146.

Condor, 236.

Condyle, occipital, in bird, 243.
Conjugation of protozoans, 297.
Constrictors, 200.

Contour feathers, 209.

Contractile vacuole, 286, 287, 395.
Contractility, 289.
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Copepoda, 83.

Copf)erhead, 203.

Coracoid bone, 214.

Coral islands, 338.

Polyps, 325, 328.

Red, 339.

Reefs, 328.

Corallines, 354.
Cord, spinal, 285.

Cormorant, 227.

Corpuscles of birds, 245.

Of earthworm, 94.

Cougar, 379.

Cow, 269.

Cowbird, 220, 239.

Coxa of grasshopper, 2, 4.

Coyote, 279.

Crabs, 78.

Development of, 79.

Fiddler, 80.
j

Hermit, 81.

Horseshoe, 85.

King, 85.

Oyster, 79, 80.

Sand, 80.

•Swimming, 79.

Crab's eyes, 75.
Crampfish, 170.

Cranes, 230.

Craniata, 148, 153.

Crayfish, 61, 65.

Blind, 81.

Distribution of, 76.

Enemies of, 73.

Holes, 61.

Crayons, 399.

Crickets, 13.

Crinoidea, 345, 347.

Crocodiles, 206, 307.

Crop of earthworm, 89, 93.
Of grasshopper, 7.

Of pigeon, 314, 315.

Croton bug, 13.

Crows, 239,

Carrion, 236.

Crustacea, 61.

Cubs, 281.

Cuckoos, 331, 237.

Cud chewers, 269.

Cunner, 171.

Curculios, 41.

Currant worm, 51.

Cuticle of vorticella, 295.
Cuttlefish, 145,

Cyclops, 83, 84.

Cyclostomata, 148, 153.
Cyst, 289.

Cyst of trichina, 352.

Cysticercus, 350.

Daddy longlegs, 60.

Damsel flies, 13.

Darning needles, 14.

Darters, 171.

Decapoda, 84.

Deer, 273, 274.

Deer Hies, 34.

Development of ascidians, 149,

Of clams, 118.

Of crabs, 79.

Of earthworm, 97.

Of frog, 187, 189,

Of grasshopper, 10.

Of honey bee, 47, 48.

Of house fly, 32.

Of hydroid, 320.

Of jellyfish, 324.

Of lepidoptera, 28.

Of metazoa, 302.

Of oyster, 122.

Of perch, 162.

Of rabbit, 254.

Of retrograde, 150.

Of sea anemone, 327.
Of sea urchin, 341.

Of sponge, 311.

Of starfish, 337.

Of tapeworm, 349.
Of vorticella, 296.

Devilfish, 170.

Devil's needles, 14.

Dewclaws, 269.

Diamond rattlesnake, 303.

Diaphragm of rabbit, 249, 251.

Differentiation, 304.

Digestion in amoeba, 290.

In crayfish, 65.

In hydra, 316.

In sea anemone, 326.

Digestive gland in clam, 115.



Digestive gland in starfish, 334.
Digestive system of clam, 115.

Of crayfish, 65.

Of earthworm, 89, 9a.

Of frog, 181, 183.

Of grasshopper, 7.

Of perch, 156.

Of pigeon, 214.

Of rabbit, 350.

Of sea urchin, 340.
Of snail, 129.

Of snalce, 200, 201.

Of squid, 141.

Of starfish. 334.
Digitigrade animals, 280.
Dingo. 259.

Diphycercal tail, 163.

Diplocardia, 95.
Dipnoi, 180.

Diptera. 32.

Discoid shell, 128.

Dislt of starfish, 331.
Of tapeworm, 349.

Distribution of crayfishes, 76.
Of earthworms. 97.
Of feathers, 209.

Of fishes, 166.

Of oysters, 123.

Of protozoans, 300.
Diving birds, 224.

Division of amoeba, 289.
Of labor, 302, 303.

Dogday harvest fly, 22.

Dogfish, 168, 169, 178.
Dogs, 279,

Doves, 233.

Down, 209.

Dragon fly, 13, 15.

Drones, 46.

Duckbill, 256.

Ducks, 228.

Dugong, 266.

Dung beetles, 40.
Duodenum of man, 283.

Of pigeon, 215.

Eagles, 233.

Ears of owls, 234.
Ear-shell, 136.

Earthworms, 87.

Index.

Earthworms, distribution of, 97.
Muscles of, 89.

Eating in amoeba, 290.

In crayfish, 64.

In Paramecium, 293.
In ruminants, 269.

In starfish, 335.
Echinodermata, 331, 346.
Echinoidea, 338, 347.
F oderm of hydra, 313.

Of sponge, 308.

Of vorticella, 295.
Ectoplasm, 286.

Edentates, 259.
Eels, 176.

Lamprey, 153.

Round-mouthed, 153.
Efts, 192.

I

Eggs of birds, 218.

Of crayfish, 73.

Of earthworm, 97.
Of fishes, 164.

Of hydra, 317.

Of jellyfish, 323.
Of medusa, 321.

Of snail, 134.

Of snake, 202.

Of sponges, 311.
Shell, 219.

Egret, 229.

Elasmobranchii, 168, 180,
Electric fishes, 164.

Light bugs, 18.

Ray, 17a
Ellephant, 277.

Elk, 273, 275 (Frontispiece).

Embryo of sponge, 311.

Of tapeworm, 349.
Em:i, 222.

Enamel of rat oit's teeth, 248.
Encysted amoeba, 289.

Endoderm of hydra, 313.
Of sponge, 308.

Of vorticella, 295.
Endoplasm, 286.

Entomostraca, 83.

Epicranium of grasshopper, 4.
Epidermal plates of turtle, 205,
Epidermis of clam, 109.

Epiglottis of rabbit. 35a
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Equilibrium sense of crayfish, 73.

Of perch, 161.

Ermine, 282.

Esophageal collar, 70.

Of grasshopper, 8, 9.

Ring, 70.

Ewes, 271.

Excretion in amoeba, 391.

In crayfish, 69.

In earthworm, 95.

In frog, 185.

In grasshopper, 8.

In Paramecium, 393.

In perch, 161.

In pigeon, 316.

In rabbit, 353.

In snail, 13a
In snalce, 30a.

Exumbrella, 331.
,

Eyed elater, 41.

Eyes of grasshopper, 8, 9.

Of snail, 133.

Of snalce, 199.

Of squid, 139.

Facial angle, 383.

Falconidae, 333.

Fangs of snalces, ; 904.

Feathers, development of, ao8.

Distribution of, 309.

Kinds of, 309.

Structure of, 308.

Feather stars, 331, 345, 347.

Feet of pigeon, 313.

Femur of grasshopper, 4.

Ferret, 383.

Fertilization of sea urchin's egg, 343.

Filament, gastric, of jellyfish, 333.

Mesenterial, 336.

Finches, 339.

Fins of fishes, 163.

Of perch, 154.

Firefly, 43.

Fish, 154, 170.

Brain, 385.

Hatcheries, 166,

Laws, 166.

Fish ways, 166.

Flagella, 297.

Of hydroid, 320.

Flagella of sponges, 307.
Flatfishes, 163, 175.

Flatworms, 348.

Flesh eaters, 378.

Flight of pigeon, 3o8.

Flippers of seals, 383.

Floating of fish, 155.

Flounder, i66, J75, 176.

Flulces of whale's tail, 265.

Flycatchers, 339.

Flying fish, 176.

Foxes, 365,

Muscles of pigeon, sii.

Food of clam, 113.

Of crayfish, 64.

Of earthworm, 9a.

Of frog, 1 8 1.

Of perch, 156.

Of pigeon, 314.

Of rabbit, 347.

Of sea urchin, 341.

Of snake, aoo.

Of squid, 143.

Of starfish, 335.

Food balls of Paramecium, 393, 393.

Food fishes, 165.

Food vacuole, 386, 287.

Foot of clam, 105, 106, 108.

Of snail, 139.

"Form "of rabbit, 346.

Fossils, 385.

Birds, 342.

Bird tracks, 207.

Brachiopods, 354.

Crinoids, 345.

Reptiles, 307.

Fox, 279.

Fresh-water clam, loa.

Sponges, 310.

Frogs, iS!, 192.

Function, 305.

Functions of animals, 304.

Fur of rabbit, 246,

Gall, SI.

Flies, 51.

Gnat, 35.

Gallinaceous birds, 330.

Gallinse, 330.

Game birds, 244.
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Game fishes, 17a.

Ganglions o( clam, 117.
Of crayfish, 70,71.
Of frog, i88.

Of grasshopper, 8.

Ganoids, 177,

Gar pilce, 177.

Garter snake, 300.

Gaslric filaments of jellyfish. 323.
Pouches of jellyfish, 323.

Gastropods, 127.

Geese, 228.

Gemmule, 311.

Geniul plates of sea urchin, 341.
Gephyrea, 101.

Giant water bug, 18.

Gila monster, 198.

Gill chamber of crayfish, 68.
Paddle of crayfish, bS.

Rakers of perch, 160.

Scoop of crayfish, 68.
Gills of clam, iii, 113.

Of crayfish, 66, 67.
Of dragon-fly larva, 13.
Of mud puppy, 191.

Of perch, 158.

Of sea slug, 135.
Of siren, 190.

Of snail, 134.

Of tadpole, 189.

Giraffe, 277.

Gizzard of earthworm, 89,93.
Of pigeon, 215.

Gland cells of sea anemone, 326.
Glands, digestive, of crayfish, 65, 66.

Digestive, of starfish, 334.
Green, of crayfish, 69.
Salivary, of rabbit, 250.
Scent, 282.

Seligerous, 90.

Glass-snake, 199, 205.
Globigerina, 298, 299.
GlochlJia, 118.

Glowworm, 42.

Gnathosfomata, 148.

Gnawers, 260.

Goats, 273.

Gonads of jellyfish, 323.
Of medusa, 321.

Gopher, pouched, 263.

Index.

Gopher turtle, ao&
Gorilla, 382, 283.

Gossamer, 58.

Grasshopper, i, 12, 15.
Grebes, 224,

Grizzly l>ear, 281.

Grosbeak, cardinal, 2^,.
Rose-breasted, 239.

Ground beetle, qo.

Grouse, 231.

Growth of amoeba, 29a
Lines of clam, 103.

Of clam shell, ua
Of crayfishes, 74.

Grubs, 38.

Guinea fowl, 232.

Worm, 352.
Gullet of cow, 270.

Of earthworm, 89, 93.
Of man, 283.

Of Paramecium, 29a.
Of perch, 157.

Of rabbit, 250.

Of sea anemone, 325.
Of snake, aoi.

Gulls, 225.

Gymnophiona, 195.

Haddock, 165.

Hagfishes, 153.

Hair worms, 351.
Hake, 165.

Halibut, 166, 176.

Halteres, 36.

Hand, 282.

Hare lip, 255.

Hares, 260.

Harvestmen, 60.

Hawk, cooper's, 233.
Fish, 233.

Sharp-shinned, 233.
Hawkbill turtle, 205.
Hawk moth, 28, 29.

Head of pigeon, 914.

Of squid, 139.

Of tapeworm, 349.
Heart of crayfish, 68, 69.

Of grasshopper, 6.

Of rabbit, 249, 250, 251.
Heat-production in amoeba, 291.
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Hedgehog, 364.

Heel of pigeon, aia.

Hell-diver, 234.

Hemiplera, 18.

Hermit crab, 8z, 83.

Herons, 339.

Herring, 166.

Hessian fly, 35.

Hetcrocercal tail, i6a.

Hexacoralla, 338.

Hibernation of frog, 186.

Hind wing of grasshopper, 4.

Hinge ligament of clam, 103, 106, 107.

Teeth of clam, cardinal, 104.

Lateral, 104.

Hippopotamus, 369.

Hive of honey bees, 46.

Hog, 369.

Hollow'horned ruminants; 270.

Holothuroidca, ^ J3, 347.
Homocercal tail, 163.

Honey, 47.

Bee, 44. 45.

Comb, 4'/, 48.

Comb of cow, 37%
Dew, so.

Hoofs, 366.

Hooks of tapeworm, 349.
Homed toad, 198.

Hornets, 49.

Horns of ungulates, 270, 273.
Horny sponges, 309.

Horse, 5*67.

F' .33.34.
House fly, 3a.

Humming bird, 338.

Moth, 28.

Humming miller, 28.

Hydra, 313.

Hydroids, 317, 318, 319.

Hydrotheca, 330.

Hydrozoa, 317.

Hyena, 280.

Hymenoptera, 44.

Hypostome of hydra, 313.
Of hydroid, 319.

Ichneumon flies, 51.

Iguana, 198.

Incisors of rabbit, 248.

Incubation, 3x9.

Indigo bird, 239.

Individual, 306.

Ink bag of squid, 140.

Ink galls, 5a.

Insecta, i.

Insect eaters, 263.

Intcrambulacral plates

339-
Intestinal worms, 351.

Intestine of clam, 115.

Of crayfish, 64, 66.

Of frog, 183, 183.

Of man, 283.

Of perch, 157.

Of pigeon, 315.

Of rabbit, 349, 35a
Of snake, 301.

Of starfish, 335.
Irritability, 289.

Isopoda, 84.

Itch mite, 60.

Jackal, 279.

Jack rabbit, 260.

Jacksnipe, 230.

Jaguar, 279.

Jay, 239.

Jellyfishes, 323, 324.

Joint-snake, 199.

June bug, 3 , 37.

Kangaroo. 259.

Katydid, 12

Keel of pigetn, an.
Keyhole urchin, 343.
Kidneys of clam, 115, 116.

Of crayfish, 69.

Of earthworm, 96.

Of frog, 182, 185.

Of perch, 157, 161.

Of pigeon, 215, 217.

Of rabbit, 249, 252.

Of snail, 130.

Of snake, aoi, 20a.

Killdeer, 230.

Kingbird, 239,

King crab, 85.

Kingfisher. 337.

Kiwi, 223.

of sea urchin
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Lkhrum of grasshopper, 4.
Luc insect, 34.

Udybu^.4i, 44.
I^ke trout, 165.

Lamb, 271.

i^mp shells, 354.
lamprey eels, 153,
I^ncflet, 151.

Language, 383.

I^rva of dragonfly, 13.

lateral line of perch, 154.
I^af rollers, 31.

Leech, 100.

I>eft-hand shells, ia8.

l^mur, 38a.

Leopard, 379.

Lepidoptera, 35.

Lice, 34.

Limestone, 399.

Limnea, 134.

Limpet, 136.

Lingual ribbon, 139.

Lion, 279.

Mountain, 279.

Sea, 383.

Lip of snail shell, 127,

Liver of frog, 182.

Of pigeon, 315.

Of rabbit, 249, 250.

Of snake, 201.

Liverflukc, 350.
Lizard, rgd, 197.

Ivobster, 63, 77.

Pot. 77.

Locomotion of amoeba, 287, 390.
Of clam, 108.

Of crayfish, 63.

Of earthworm, 91.

Offish, 155.

Of frog, 18 r.

Of grasshopper, 3.

Of hydra, 316.

Of rabbit, 247.
Of sea urchin, 340.
Of snake, 200.

Ofstarfish, 332, 334.
I-X)CUSt, II, 12.

Long-winged swimmers, 335.
LooHj 224. 2ac.

Lung-book ofspider, 56.

Lung-fish, 179.

Lungs of frog, 183. 183.

Of pigeon, 315, ai6.

Of rabbit, 349, 351.
Of snake, 301.

Of Spider, 56.

Lymphatic system of frog, 185.
Lynx, 279.

Macaws, 337.

Mackerel, 165, 171.

Macronucleus of Paramecium, 993.
Of vorticella, 295.

Macrura, 84.

Madreporic body, 333.
Canal 334.

Plate, 3J3.
Maggot, 34.

Malacosiraca, 83.

Mallard, 228.

Mammalia, 246, 356.
Mammoth, 378.

Man, 382.

Manatee, 366.

Mandible of grasshopper, 3,4.
Mantid, 13.

Mantle of clam, 104.

Lines, 109.

Of squid, 139.

Manubrium, 321.

Manyplies, 370.

Maple scale insect, 33.

Marmoset, 282.

Marsipobranchii, 153.
Marsupial, 257,

Bone, 257.

Marten, 383.

Martin, 240.

Mascalonge, 167.

Mastodon, 278.

Maxilla of grasshopper, 4.
May fly, 14.

May beetle, 36.

Meadow lark, 239, 343.

Measuring worm, 31.

Medusa bud, 330.

Medusae, 321,

Megatherium, 260.

Menhaden, 165.

Mesenterial filaments, 326.
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Mesenteries of sea anemone, 326.
Of starfish, 335.

Mesentery of rabbit, 251.

Mesoderm of sponge, 308.

Mesoglcea of Hydra, 313.

Mesothorax r ' grasshopper, 3.

Metamorphosis, 30.

Metathorax of grasshopper, a.

Metazoa, 300.

Mice, 362.

Micronucleus of Paramecium, 292.
Of vorticella, 295.

Mid brain, 385.

Midges, 34.

Migration of birds, 220.

Of fishes, 165.

Milkweed butterfly, 25.

Milliped, 54.

Mimicry, 31.
,

Mink, 282.

Mite, 9, 60.

Mocking bird, 240, 241.

Molars of rabbit, 248.

Mole, 263.

Mollusca, 102.

Molluscoida, 353.
Monarch butterfly, 25, 26, 31.

Monitor, 198.

Monotremata, 256.

Moose, 273, 276, 277.

Mosquito, 35.

Hawk, 14.

Moss animals, 354.

Mother Carey's chickens, 236.

Mother-of-pearl, 136.

Moths and butterflies, 28.

Motion of amoeba, 287, 290.

Molting of birds, 219.

Of crayfishes, 74.

Of king crab, 85.

Of snakes, 204.

Of spiders, 56.

Mountain lion, 279.

Sheep, 271.

Mourning doves, 233.

Mouse brain, 285.

Hawk, 24a
Mouth of earthworm, 9a.

Of hydra, 313, 314.

Mud eel, 190.

Mud fish, 178.

Nest, 180. V

Puppy, 191.

Mule deer, 275.

Mullet, 165.

Multiplication of amoeba, 289.
Of hydra, 317.

Of hydroids, 321.

Of Paramecium, 294.
Of protozoa, 296.

Muscle pectoral of pigeon, 211.

Scars of clam shell, 103, 104.

Subclavian of pigeon, 212.

Muscles of clam, 106, 109.

Of crayfish, 62.

Of earfhworn., 89,92.
Of grasshopper, 3.

Of sea anemone, 327.
Of starfish, 331.

Mussel, salt-water, 124.

Myriapoda, 54.

Natica, 134, 135,

Nautilus, 144.

Neck of pigeon, 214.

Necturus, 19J:.

Nemathelminthes, 351.
NematocysU of hydra, 315.
Nereis, 99.

Nerve collar of earthworm, 89,
Nerve ring of crayfish, 71.

Of earthworm, 96.

Nervous system of clam, 117.

Of crayfish, 70, 71.

Of earthworm, 96.

Of frog, 187, 188.

Of grasshopper, 8.

Of pigeon, 217.

Of rabbit, 249, 254.

Of c-^a urchin, 341.

Of snail, 130.

Of squid, 142.

Of starfish, 336.
Nettle cells of sea anemone, 326.
Neuroptera, 24.

Newts, 192.

Nighthawk, 238.

Noctiluca, 298.

No-see-ems, 34.

Notochord, 148.
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Nucleus, a86, 287, 301.

Of Paramecium, 394.
Numbfish, 170.

Nuthatch, 241.

Nymph. 13.

Octocoralla, 329.
Octopus, 143.

Odonata, 13, 15.

Odor of snakes, 204.

Oil gland of pigeon, 213, 217.
Olfactory lobe, 285.

One-celled animals, 286.

Opercle of perch, 154, 160.

Operculum of snail, 128, 129.
Ophiuroidea, 3;. 7, 347.
Opossum, 257, 258.

Oral arms of jellyfish, 323.
Surface of starfish, 331.

Orang-utan, 283.

Organism, 305.
Organs, 304.

Orioles, 239, 243.
Orthoceras, 144.

Orthoptera, 12.

Osculum of sponge, 307.
Osphradia of snails, 130.
Osprey, 233.

Ossicles of sea urchin, 338.
Of starfish, 331.

Ostracoda, 83.

Ostriches, 222, 223.
Otter, 282.

Ovary of bird, 218.

Of crayfish, 65.

Of earthworm, 89, 91.
Of frog, 182, 183.

Of grasshopper, 10.

Of hydra, 313, 317.
Of perch, 157.

Of sea urchin, 341,
Of snake, 201.

Oviduct of crayfish, 65.
Of earthworm, 97.
Of fi-og. 182, 183, 189.
Of grasshopper, 10.

Of perch, 157, 162.

Of pigeon, 215, 219.
Of snake, 201.

Ovipositor of grasshopper, 10.

Ovum, 302.

Owls, 234. 235.

Oyster, 122.

Crab, 79, 80.

Distribution of,

Season, 123.

And starfish, 335,

"3.

Palp of clam, m, 114.

Palpus of grasshopper, 4.
Pancreas of pigeon, 215.

Of rabbit, 249, 250.

Of snake, 201.

Panther, American, 279.
Paramecium, 291, 292.

Parasites of grasshopper, 9.
Of rabbit, 252.

Parasitic arachnids, 60.

Birds, 220.

Crustacea, 83,

Hymenoptera, 52.

Protozoa, 297.

Worms, 349, 351, 353.
Parrakeet, 236, 237,
Parrots, 236.

Partridge, 231,

Paunch of cow, 27a
Peafowl, 232.

Pear-tree slug, 51.
Pearls, 126.

Peccary, 269.

Pectinatella, 354.
Pedicellariae of sea urchin, 340,

Of starfish, 332.
Pelecypoda, 102.

Peu>,an, 228.

Pen of squid, 139.

Penguins, 225.

Perch, 154.

Development of, 163.
Fins of, 154,

Opercle of, 154, 16a
Ringed, 154.

Sea, 171.

Perching, 213.

Birds, 239.

Pericardium of clam, 115,
Periodical cicada, 22.

Perisarc of hydroid, 320.
Perissodactyls, 267.
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Peristaltic action, 94,
Peritoneum of rabbit, 251.

Petrels, 226.

Pewee, 239, 240.

Pharynx of earthworm, 89, 9a.

Pheasants, 232.

Phyllopoda, 83.

Phylloxera, 24.

Physa, 134.

Pickerel, 166, 167.

Pigeon, 208.

Origin of, 218.

Pigment in fishes, 164.

Pike, 166, 167.

Perch, 171.

Pinchers of crayfish, 73.
Of sea urchin, 340.

Of starfish, 332.

Pin feathers, 209. ;

Pinnigrade animals, 28a.

Pinworm, 351,

Pisces, 168.

Placental mammals, 259.
Plaice, 176.

Planorbis, 127, 134.

Plant lice, 23.

Plantigrade animals, 280.

Plastron, 205.

Plates, epidermal, of turtle, 205.
Genital, of sea urchin, 341.

Platyhelminthes, 348.
Plovers, 230.

Plumes of egret, 229.

Of ostrich, 222.

Poison gland of honey bee, 46.
Poisonous snakes, 203.

Polishing powders, 299.
Pollen baskets, 46.

Polyp, coral, 325. 328.

Fresh-water, 313.

Polyphemus, 30.

Polyzoa. 354.
Pond snails, 129, 133.

Porcupine, 261.

Porifera, 307.

Pork worm, 352.

Porpoise, 266.

Portal vein of perch, 159.

Portuguese man-of-war, 322, 323.
Potato beetle, 39.

Prairie dog, 263.

Hen, 231, V

Wolf, 279.

Prawns, 77.

Prey, birds of, 233.

Primaries, 210, an.
Primates, 282.

Proboscis of elephant, 277,

Of snail, 133.

Proglottids, 349.

Pronghorn, 273.

Propagation of fishes, 166.

Propolis, 47.

Proteid, 301.

Prothorax of grasshopper, 2.

Protoplasm, 286, 300, 301.

Prolotheria, 256.

Protozoa, 286, 296, 300.
Colonial, 305.

Distribution of, 300.

Shell-bearing, 298.

Provenfriculus of pigeon, 215.
Psalterium of cow, 270.

Pseudopod, 286, 287.

F*farmigan, 231.

Puffins, 225.

Puma, 279.

Puparium, 33, 34.
Purple finch, 239.

Quahog, 121.

Quail, 231.

Queen, honey bee, 46.

Cells, 48.

Quills, 209.

Of porcupine, a6i.

Rabbit, 246.

In Australia, 253.

Development of, 254.

Nervous system of, 254,

Structure of, 249.

Raccoon, 281.

Rails, 230.

Raptores, 233, 235.

Ratitas, 222.

Rats, 262.

Rattlesnake, 203, 204.

Rays, i68, 169.

Of starfish, 331.
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Recovery of earthworms, 98.
Of hydra from mutilation, 317.
Of starfish from mutilation, 335.

Rectum, 383.

Red coral, 339.
Deer, 274.

Rennet, 270.

Reproduction of amoeba, 289, 291.
Reptiles, 196.

Age of, 207.

Extinct, 207.

Respiration in amoeba, 290.
In clam, no.
In crayfish, 66,

In earthworm, 95.
In frog, 183.

In gastropods, 130.
In grasshopper, 5.
In perch, 158.

In pigeon, 216.

In rabbit, 251.
In sea urchin, 341.
In snail. 133.

In snake, 201.

In squid, 142,

In starfish, 336.
Restoration of limbs in crayfish, 75.
Reticulum of cow, 270.
Rhinoceros, 268.

Ribs of snake, 199, 200.
Right-hand shell, 128.
Ringed perch, 154, 171.
Robin, 241.

Rodents, 260.

Rose slug, 51.

Rotifers. 352. 353.
Roundworms, 351,
Rove beetles, 41.
Ruffed grouse, 232.

Ruminants, 269.

Solid-homed, 273.

Sage hen, 231.

Salamanders, 191.

Salmon, 165, 174.
Sand cake, 343.

Dollar, 343.

Hoppers, 84.

S'ar. 337. 338.
Worm, 99.

Index.

Sapsucker, 238.
Sardine, 165.

Sawflies, 51.

Scale bugs, 24.

Scales of butterfly, 25.
Of fishes, 162.

Of lizard, 196.

Scallop. 125.

Scent gland, 282.

Scorpion, 60.

Scutellum of grasshopper, 4.
Scutes of snake, 200.

Scutum of grasshopper, 4.
Scyphozoa, 323.
Sea anemone, 325, 326.

Cucumber, 331, 343, 34^
Eggs, 339.
Fans, 329.

Lilies, 331. 345.
Lion. 282.

Mats, 354.
Pear, 149.

Pen, 329.

Perch, 171.

Squin, 149.

Turtle, 205.

Urchin, 331, 338, 339.
Whip, 329.

Seals, 282.

Secondaries, 210, 211.

Segmentation of egg, 34a.
Senses of clam, 118.

Of crayfish. 72.

Of earthworm. 97.
Of frog. 187.

Of gastropod. 130.

Of grasshopper, 8.

Of jellyfish, 323.
Of perch, 160. 161.

Of pigeon, 217.

Of rabbit. 255.
Of snake. 202.

Of squid, 142.

Of starfish, 336.
Sepia of squid, 141.

Serpent stars, 338.
Setae of earthworm, 90.
Seventeen-year locust, 2a.
Sexton beetles, 41.
Shad, 165.
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Sharks. 168, 169. Snake feeders, 14.

Shedding of horns, 273. Snakes. 199, 205.

Sheep, 270. Brain, 285.

Shell of sea urchin, 339. Poisonous, 203, 204.
Shipworm, 123. Snipe, 230.

Shore birds, 230. Snout beetles, 41.

Shrews, 264. Social bees, 49.
Shrike, 240. Sole, 176.

Shrimp, 77. Solid-homed ruminants, 273.
Silica, 299. Solitary bees, 49.
Siliceous earth, 999. Sowbug, 84.

Sponges, 309. Spanish fly. 41.
Silkworm, 30. Sparrows, 239.
Silvertip bear, 281. Brain, 285.
Sinus, blood, of crayfish, 69. English, 239.
Siphon of squid, 140. Specialization, 304.

Of clam, 105, 108. Speech, 282.

Siren, 190. Sperm cells of hydra, 317.
Skate, 169, 170. ' Of sponge, 311.
Skeleton of arthropods, 86. Spermary of fish, 162.

Of birds, 245. Of hydra, 314, 317.
Of bony fishes, 170. Sea urchin, 341.
Of insects, 52. Sperms of hydra, 317,
Of pigeon, 208, 213. Of jellyfish, 323.
Of sea urchin, 338. Of medusa, 322.
Of shark, 168. Of sponges, 311.
Of sponge, 308. Sphinx moth, 28.

Of starfish, 33 r. Spicules of sponge, 307, 308, 309.
Skin of earthworm, 9a Spiders, 55.
Skipjacks, 41. Jumping, 56.
Skippers, 35, Trapdoor, 59.
Skunk, 282. Web, 57.
Slaves of ants, 51. Spinal bulb, 285.
Slipper animalcule, 291. Cord, 285.
Sloths, 259. Spindles, 14,
Slugs, 132. Spines of sf '"-chin. 338, 339.

Sea, 135, Of startir' - .

Smell ill birdb, 217. Of stir 315.
In crayfish, 72. Spinnerets 0. .pider, 57.
In deer, 277, Spinning of spiders, 56.
In rabbit, 255. Spiny-rayed fish, 171.
In snails, 130. Spiracles, 5.

Smelling patches, 13a Spleen of snake, 201.
Smelt, 165. Sponges, 307.
Snails, land, 131. Calcareous. 308.

Pond, 133. Commercial. 309.310.
River, 134. Development of. 311.
Sea, 135. Flagella. 307. 308.
Shell, 127. Fresh-water, 31a

Snake doctors, 14. Homy, 309,

'^ms'^m

iFO^



Sponges, In reservoirs, 311.
Siliceous, 309.

Spongin, 309.

Spoonbill catfish, 178.

Spouting of whales, 266.
Spring beetles, 41,

Squash bug, ao, ai.

Squid, 138.

Giant, 143.
Squirrels, 263.

Flying, 263.

Fox, 263.

Gray, 263.

Red, 263.

Stable flies, 34.

Stag-beetles, 4a
Stake driver, 229.

Starfish, 331. 332.

Development of, 337.
Sting of honey bee, 46.

Cells of hydra, 314.
Cells of jellyfish, 323.
Rays, 169.

Stomach of crayfish, 65, 66.
Of frog, 182. 183.

Of jellyfish, 323.
Of man, 283.

Of perch, 157.

Of pigeon, glandular, 215.
Of rabbit, 249, 250.

Of ruminant, 270.

Of sea anemone, 326.
Of snake, 201.

Of starfish, 334.
Stone canal of starfish, 333, 334.
Stork, 229,

Striped bass, 17X.

Sturgeon, 165, irj.

Subumbrella, 321.
Suckers, 166, 173.

Squid, 139.

Sulphur-bottom whale, 266.
Sunfish, 171.

Sutures of snail shell, 127.
Swallows, 240.

Bank, 240.

Bam, 240.

Chimney, 238.

Eave, 240.

Fork-tail, 240.

Index.

Swallowing in snakes, 199, 20a
Swallow-tail butterflies, 30.
Swarming, 48.

Swifts, 197, 238.

Swim bladder of perch, 155.
Swimming of crayfish, 62.

Of frog, 1 8 1,

Of jellyfish. 321, 325.
Of perch, 155.
Of squid, 140.

Syrinx of pigeon, 218.

Tadpole, 189. ^
Tail fin of crayfish, 6a.

Of squid, 140.

Tails of fishes, 162.

Tapeworm, 349.
Tapir, 267, 268.

Tarantula, 59.

Tarsus of grasshopper, 4.
Of pigeon, 212,

Taste in crayfish, 72.
Teeth of rabbit, 248.

Of sea urchin, 340.
Of snake, 199,

Teleostei, 180.

Teleostomi, 180.

Temperature of amoeba, 291.
Of frog, 186, 187.

Of insects, 7.

Of mammals, 251, 283.
Of pigeon, 216.

Of rabbit, 251.

Tentacles of hydra, 313.
Of jellyfish, 323.
Of sea anemone. 325.
Ofsea slug, 135.

Of snail, 130. 131.

Terns, 225.

Tertiaries, 210, 211.

Theria, 256, 257.

Thistle bird, 239.

Thornbacks, 170.

Thousand legs, 54,
Thread capsules of hydra, 315.
Thrush, brown, 240.

Wood, 240.

Thumb of bird, 211.

Tibia of grasshopper, 4.
Ticks, 60.
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T»ger, 379.

Beetle, 40.

Timber wolf, 979.
Tissues, 304.

Toads, 19a.

Brain, 385.

Toes of pigeon, 212.

Tomato worm, 28.

Tongue of $nake, 199.

Of frog, 182.

Of woodpecker, 237.
Torpedo, 170.

Tortoise shell, 205.

Totipalmate birds, 227.

Touch in amoeba, 291.

In catfish, 173.

In clam, 118.

In crayfish, 72.

In earthworm, 97. '

In frog, 187.

In grasshopper, 9.

In perch, 161.

In pigeon, 217.

In rabbit, 255.

In snail, 130.

Tracheae in grasshopper, 5.

Tracks of rabbit, 247.

Tree frog, 193.

Toad, 193.

Trematoda, 351.
'

Trepang, 344.

Trichina, 351, 352.
Tridacna, 125.

Trigger-hair of hydra, 3x5.

Tripoli, 299.

Trochanter of grasshopper, 2, 4.

Trochantine of grasshopper, 2, 4.

Trochelminthes, 352.
Trout, 174.

Tube feet of starfish, 332.
Tube-nosed swimmers, 226.

Tubularian hydroid, 320.

Tunicates, 148, 149.
Turbellaria, 351.

Turkey, 231, 232.

Buzzard, 235, 236.

Turtle, boxshell, 205.

Gopher, 206.

Green, 205.

Hawkbill, 005.

Turtle, sea, 205.

Snapping, 206.

Turtledove, 233,

Tusks of elephant, 278.

Tympanum of frog, 187.

Typhlosole, 92, 94,

Umbo, 102, 103.

Ungulates, 266.

Ureter of rabbit, 249, 253.
Of snake, 201.

Urochorda, 148.

Urodela, 195.

Vacuole, 286, 292.

Contractile, 295.
Vane of feather, 208.

Veil of jellyfish, 321.

Veins of insect wing, 3.

Velum of medusa, 321.
Velvet of antlers, 274.

Ventral plates of snake. 200.

Vermiform appendix, 283,
Vertebrata, 148, 284.

Viceroy butterfly, 31.

Vinegar eel, 351.

Voice of frog, 193.

pigeon, 218.

Vorticella, 294.

Vulture, 235.

Waders, 230.

Walking stick 13, 13.

Wall-eye, 171.

Warblers, 240.

Wasps, 49, so.

Water beetles, 42.

Bug, 18.

Bulbs, of starfish, 334.
Dog, 191.

Flea, 83, 84.

Moccasin, 203.

Snakes, 200.

Tubes of sea urchin, 340.
Tubes of starfish, 332, 333.

Wax of bees, 47.

Weasels, 28x
Weevils, 40, 41.

Whalebone, 265.

Whales. 265.



Index.

\Vheat midge, 35.
Wheel animalcule. 352. 353^
vVhip-pcK)r-will. 238,
Whislcers of rabbit. 255.
White bass, 172.
Whiiefish. 165, 174.
White-tail deer. 274.
Whorl of snailshell. 127.
Wild canary. 239.

Cat. 279.

Windpipe of snake, 201.
Wing of pigeon, 209.
Wireworm, 41.

Wishbone, 213
Wolf, 279.

Wolverine, 282.

Woodchuck, 263.
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Woodcock. 230,
Wood duck. 228, 229.
Woodpecker, 237.

Yellow-bellied, 238.
Worker, honey bee, 46.
Worms, 348.

Intestinal, 351.
Wren, 240.

Yellow bass, 172.

Jacket, 49.
Perch. 171.

Zooid. 319.

Action of, 320,
Zofiphytes, 319.
Zygodactyl feet, 237.




