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reade who is su cie tly acquai te with the

progress in vertebrate physiology during the last

phase physi logical methods and who knows how

scattered and incomplete are the investigations which

have been made by the same kind physic l and

chemical inquiries invertebrate animals will not

expect to find in the present vol me complete

statement of physiology animals in the sense

in w ich that term is now used Such observations

as have been made without especial reference to the

vital processes of are the most p r ve

valuable and suggestive the time to wri e a text

book Comparative Physiology as we nderstand

it has not yet arrived

that have attempted to do in this little book

has been to illustrate the details structure by a

notice such experi ent l inquiries as I have con

ysel ave adeq ate reaso to believe are

in their broad outli es correctly stated have uch

more attempted to make what were lo g since

called the e perime ts th t Nature akes us by
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re e ring to sometimes perhaps in i ting on the dif

methods by which similar res lts are attained

di erent animals That which have most cons antly

kept be ore mysel and which I hope st dent

will aith lly bear in mind that there has een an

evol tion of organs as well as animals and that he

who desires to nderstand the most complicated orga s

m st first know the str cture such as are more

si ply constituted

In purs i this object I have written about

organs rather than abo t gro ps of animals but I

have added an index in which the vario s parts of

an a imal are collected under the ead of its na e

so that the st dent who desires to this manual as

a zoological text book will ha e no di c lty in

selecting portions chapters which bear a

particular orm or set forms

I have departed a little rom the ordinary method

writing a handbook in somewhat plentif lly inter

sper ing the names of my authorities for vario s

statements I have done this not only because it

recommends itself to my sense of j stice but becau e

zoological sci nce is j t now advancing rapidly

that many observations and s ggestions have to

incorporated even in a text book be ore they beco e

the general property zoological workers My

indebtedness to the personal teaching and the pub

writings Pro essor Ray Lankester ust be
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by no means tho ght to be limi ed the statements

with which his name will be found to be connected

i deed I owe him more than I can well express

I have been caref l to acknowledge the so rce

whence the illustrations are taken and I have to

return my thanks to the Publicatio Committee of

the oological Society to Professor Flower who

nly ad d more to a number acts of personal

kindne s when he generously my disposal all

the wood blocks hich were in own posse ion

to those other friends who have allowed me to

copy fig res rom their works

this manual is written on li es that are rarely

followed I shall greatly bl ged for any s ggestio s

as to its improvement for corrections any errors

hich have found their way into it

F EFFRE BELL
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P T E I

C is the science of the
structure animals considered their relation
another deals with

the unctio s the parts of which these a imals are
made up and by examining dif erent forms that
prese t vario s kinds of activities it thr ws light
the es ential properties of livi g matter
The st dy animals is but a part of the wider

science the st dy organised matter generally
the science of which takes pla ts as ell as
animals the o j ects of its investigations Under
the head biological studies we have therefore
gro p those which regard organ ms as worki g
achines capable of per orming various unctions
these studies are physiological whether animals or
plant be separately or simultaneously examined

the second place the parts hich the orga
ni m is made up may be investigate and studies
are then said be anatomical we concern
el es with isolated types as does the stude t of
huma anatomy or they are morphological when we
compare organisms and their par s one wit another
try draw out the significance of isolated facts

and to learn their bear ng the general scheme of
the organi atio living matter

1
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The present work is concerned only wi h nimals
but as there is a ndamental rese blance bet een
Plants and nimal it is in the first place neces ary
to enq ire into the charac ers and modes of activity
living matter p re and simple without any q es

tion as to whether it be a mal or vegetable

nimals and plants have at least this in common
t at they are both ashioned of a material which
in all its essential character is common to them
both and whether one would be a zoologist or student
animal or a otani t or student plants it is

in the very first place necessary that he shou d have
some clear and exact comprehension what are the
cha acters and hat are the odes of action that
primary ashioning s stance which orms the material
asis living creatures and which is kno n as

The act that the sciences zoology
and otany have do w th thi physical ba is of
living matter separate and disting ishes them at once
rom s ch st dies as chemistry or physic with which
the henomena of life have no nece ary connection

is disting ished rom atter
everal important and easily recogni able c arac

ters It would seem to have a nda ental and
characteristic composition it has the power of con
tinning to exist by taking into and
making part of itsel other living or
even not living matter N trition and assimilation
lead to and t is gro th is succeeded a
stage in which the additional material obtained is
sed the p rpo es ter a
time a living organism may be seen to be na le to
withstand the action the s rro nding orces in
mid t which it has lived gro n and reprod ced
itsel in other words its activity di inishes and
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dimi i hes until at last it From this
matter living material can never by any process
known to us be produced for so as we know
living matter only proceed from other living
matter

the chemist is only able to acq ire definite
formation with regard to the chemical composition
living matter by the use of certain treatments which
deprive it of ife we cannot speak with certainty
more than the broad outlines its composition
this at least may be said in living matter

the four chemical elements oxygen hydro
gen nitrogen and car on are always found and with
them there wo ld seem al o to be associated small
quantities of s lph r and phospho us It is pos ible

certain that protopla m is a compo nd a
n mber of the called proteid bodies and it is q ite
certa n t at what hemists call its at mic composi
tion is very high One of the most complex bodies
known to us is that constit ent of the brain hich is
called and its atomic compo ition has
been determi ed to be or no less than
atoms When s ch a body is active re h che i

cal changes are always taking place ithin it it in
a condition of unstable equilibrium the result of
such change so far as it a ects the living atter is

in addition to this living matter is
always t king up fresh oxygen and orming carbonic
acid which it has ree itself The e activities
combined requi e as may be supposed the addition
resh ma erial fro without that is to say living

matter demands food The food so t ken in may or
be similar in composition to the organis

it elf the living creature has wasted thro gh
all its par s the resh material has not merely to
t ken it has also to a similated When a cry tal
laced a solutio of its ma erial rows it does
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so by merely laying on the fresh molec les ou side
those already formed protoplasm on the other hand
makes the resh food which may may ndeed
need not have the same composition as itself an
essential part and parcel itself
In the next place we observe that hile a crystal

under the conditions ju t now mentioned will g o
so long as it is supplied with matter similar
chemical constitution living matter only gro s
when assimi ation goes on at a quic er rate tha
destr ction or waste Save for the di fic lties ex

there is no reason why all the s lphate
copper in the world sho ld not be brought int
huge cry tal and so remain It is not so with

living matter for every organism there appears
a limit growth and when that is eached all the
s cceedi g matter assimilated goes a if erent
pose The orga ism ceasing to grow begins to repro
d ce its kind and in the very simplest cases pro uces
an individual exactly similar to itself This act
repro uction appears be next sustentation the
pri ary work every organism he that is
completed we o ten observe that the pare t orga sm
be ins lose its activity it becomes the prey other
livi g organisms undergoing gradual decay the
complex ma s of albuminous matter which we c ll
protoplasm and associate with li e alls a ay into
constituent molecules a le s high degree chemical
complexity

ssimilation gro th reprod ction death are
as here explained our phase in the hist ry living
matter hich at once and sharply distinguish it rom
cry talline or other dead material
Nor is this all we set cryst l a ainst

nother imilar composition or we try to rouse
stimulate a crystal we get no respon e With livi g
atte the case is very di ere t roused either by
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some apparent f iend or enemy in the water by a
to ch ro our needle as we observe it under the
microscope a mass living matter will found to

In consequence of this
it undergoes some change converting latent int
act al energy and this is most freq en ly mos
easily seen to be some change in space the
rel tions its parts these are due to what is known
as the of liv ng matter In other
cases the production heat light or electricity is
the expression irritability
We have next to observe that ithin the area

any given mass protoplasm there may be move
ments its parts some of the granules seem to

more less regular co rse betwee
t ose on either side of them a way hich can best
be understood by supposing the observer be raised
above and to be a le to note the movements a great
crowd of passengers in a y street so e move
faster than and overtake others some collect nt
more less small crowds others ha ing moved
ward a certain di tance turn aside turn back
This streaming movement protoplasm highly
characteristic and af o ds a proo that the problem
the motile activity pro opla can only be explai ed
by the study the pa s of which it is made up
Lastly thin layers of granular protoplasm

are sometimes to be observed over firm
bodies these means the whole m ss enabled
progress in a orward direction
The study of streaming movement sho s that

the constituent particles do not move aro nd any fixed
point freely as the particles a fluid su stance
So far as we can see these movements are not the
res lt any external cause did we choose allow
that a simple mass of protoplasm a will we
ight well call them spon aneous voluntary
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without going so far we must allo that they appear
to to the protoplasm itsel they are sel
moved or
Living matter then is irritable and a tomatic

irritability finds expres ion in contractility or in the
prod ction such orces heat li ht or electrici y
With regard to its general and
characters we have to note that it is posse sed

great cohesive powers and yet is very extensile it
does not mix with water it swell i ibition
it may expel the contained fl id in the orm of
ro nded vac oles and b bbles gas are sometimes
apparent in it It is ordinarily colourless and
racts light more strongly than water it is in most
pro ably in all cases slightly alkaline

tion
Before we leave the general consideratio

we must point two oreign elements
which have to be considered The first these is the
presence in protoplasm as ordinarily observe it
vario s more simple chem cal compounds which have
the form gran les these ich may be atty
starchy odie are conveniently grouped together
nder the head of they
garded as owing their orig n to the changes that are
constantly taking place in the molecular constit tion
the protoplasm in other word as waste prod cts
not yet eliminated
The second is a general motion a protoplasmic

mass especially when of partic larly small size
acteria this movemen the body as a whole is
not a vit l a purely physical phenomenon as
demonstrated by the simple experiment rub ing

up a little gamboge in a drop of water whe exactly
the same movement is to o ser ed This
tion and separation small particles is a phenomenon
which has attracted the attention of the physicist by



C

whom it must be explained it was however first
observed an eminent bot nist and is conseq ently
known as the movement
The term is not n req ently applied to

every sep rate mass of living matter in
associations connected with this term

it is etter to make the more ela orate tho gh
perh ps more intelligi le nomenclat re which e a les
us to disti g ish etwee the di erent char cters of
elementary organi m When attention first
directed to these objects the botanist obser ed that
each mass protoplasm th re was a port on whic
vario s characters co ld be easily disting is ed

rom the rest and which might be very appropriately
spoken of as the in addition to this he
saw that the outer portion the protoplasm was
closed as a wall he spoke therefore of the whole
as a with a cell all and a contained n cleus
Later it was fou d that the protop as or
sarcode as it was origin lly called of animals
not to be disting ished rom that of plants it
was then al o seen that it was only in very rare cases
that this animal protoplasm was enclosed in a cell
wall There y the very fir t conception a cell
destroyed but the name was still retained as a con

term
Still later researches revealed the at first

astonishi g act that organisms could and did exist
in which that specially modified portion of the proto
plasm which had been c lled the nucleus was to
appearance altogether a sent some aturalists

and especially some physiologists now regard the
n cle s as no es ential part the cell On the other
hand it seems better to recognise in our nomenc at re
the present conditions knowledge and to u
the elementary org nis some other definite

term than that aro nd which so any battles ave
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been ought and with which perhaps no few super
are or ave been connec ed

We will therefore ollow those who have agr ed
to the s ggestion of Pro Haeckel and ill use for
the elementary organism whether or no provided ith
a n cleus use l and suggestive term of
This or unit of organic str ct re is com
posed protoplasm it may witho t a uc e s
when it is a or cell like bo y or it may have
within it a denser mass which is very feebly at all
contractile the in which case it is a
This n cle s is ordinarily provided with one or more
s aller and possibly al ays has a distinct
nvesting membrane It wo ld appear to have a
special chemical compositio inasm ch as while a cell
when treated with a ten per cent salt solution leaves
a pre ipitate no such precipitate is stated to be fo nd
hen a is s j ected to the same reagent The
body so precipitated has been called n clein
Protoplasm then is pre ented us in the form
pl stids and the e plastids may either be without

or have cells distinct n clei org nisms
are composed one or more cells or in other words
are either unicell lar or m lticell lar The former
as much as the latter are c pable exhibit g all
the ssential phenomena of life

When we examine the di erent stages in the
history of a developing animal or compare a series
which commences w th low and passes thro gh more
ighly developed orms we find a grad al increase in
the complexi y of the parts this we have alre dy
had an example in comparing the with the cell
and we shall o ser e it in every chapter this work
This increase in comple ity is termed the process
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In maki g a general survey animals we find
that the lowest consist on y of simple cells later on
the c lls are o nd not li e independent
existence be associated one with another and
di erent cells are seen to be di erentiated
in vario s ways The re lt of this is that ets of
cells come to have di erent characters some are
contractile others irritable and these
di erent sets what are kno n as
secondly we observe that these tissues become
connect d with one another in proportions
and relations so as to gi e ri e to hose parts of the
adult which take on particular u ies and are know
as
Looked at in a general way and witho t taking

any notice of exceptional cases we o serve that
there are tiss es in an animal which are fo nd in
a plant th se wh ch are disting ished as the

are s ch as have a relation to movement or
sensation in other words the muscles and nerves are
animal ti s es On the other hand plants preser e
protect and s s ain themselves and the corresponding
tissues in anim s are always spoken of as the

these we may find convenient
examples in that o ter layer the body which is
spoken as epithelium or that supporting tissue
whic is known as bone
The classi ication organs is a little more complex
it will be convenient to give it so that time

and space may be saved in the future
In the first p ace it is clear that the vegetative

functions fall under three great heads an animal
to care itsel to adapt itsel to or move thro gh
its surro ndings and to reprod ce its kind in
seco d place it is j st as bvio s that it

perceive what is going on around it and to act
acc rdingly We have then
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W e an anatomist has acq ired a positive
knowledge of a cer ain number selected for s of
li e he proceeds to convert empirical acquaintance
with acts into science reasoning pon the
m tion which he acquired In this operation he
akes great use of the ertile etho comparison
remem ering the words

Like thi gs
however m t be compared with like conf ion
will inevita ly result We must there ore lay down
certain r les to guide us in these kinds of enquiries
for tho gh no one would attem t to compare a heart
with a l ng many wo ld at fi st more willingly
compare the leg a man with that of a cockroach
than the fin a perch with the wing of the sparrow
yet the latter is the more j stifiable proceedi g
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The rea n for this is plain the moment we clearly
understand what ject the comparative anatomist
before it is that coming to some general

conclusions as
for this purpose the he is not to compare parts
that have the same nction but those that are ormed
in the same kind way The physiologist on
other hand looking at organs as parts a machine
examines together those that do the same thing
When we compare parts morphologically we must
content merely with an between the

we must careful that there is a
real resemblance
The first criterion homological part is their

development from similar embryonic structures such
are the wing a bird and the leg a horse But
a rther question now arises why have these wi gs
legs which in their completed condition are

di erent from another a similar struct re in the
em ryo The answer this is given by the

which supposes that the bird and
horse had in the past a common ancestor provided
with limbs simpler in structure than those either
ird horse but having essentially that which they
have which they have had and from which
they are both derived a true and complete homology
parts is then only to be found between anima s

which have had a commo ancestor provided with the
part to be compared This complete homology may
be conveniently spoken as Ray
Lankest r
It is very necessary to have be ore the ind this

idea commu ity descent because we shall con
meet with cases in which with a very close

sembl nce in structure and mode of evelopment there
a complete identity in descent For example

all mammals all birds are provided with four



Y PH SIOLOG

cavities in their hearts two auricles two ven
it is certain that what ver the a mal

that was the neare t common ancestor the two it
had only ventricle The right and left ventricles
the hearts of ird and mammals are then

homologous in the sense being h mogenetic they
have been acquired independently by the gr ups
in consequence of certain physiological eeds they
are the result si ilar mo ifyi g forces are

but not homogenetic parts

The ast point to which the student must be i t o
is one the very grea est impor a e If we

study the animal kingdo throughout we find th t
starting from the simplest mass protopla
we are gradua ly led the c mplex elabo
rate structural and f nctional arrangem en s wh ch
are found in so highly organised an a mal as

himsel the other hand we st dy the
developmental his ory a highly orga i ed orm
we find that it starts fro a simple mass pro

the egg as this plastid is called
this cell gradually becomes more and more elaborated
and takes the more complex arrangement which
may be see in its parent we o serve that is t at
only are there a num er stages the di e ent

the animal world but that the e
also a number of stages in the structur hist ry of
every in ividual and we may yet a step farther
and say that in a broad general way t ere is a
complete parallelism between the
The results of the i vestigations and co sideratio s

which flow from a study the facts here i dicate
are best expressed in an aphorism which may at on e
be laid hear and which will be abu dantly prove
by a tudy developme t and comp rative anatomy
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The history the i dividual is a compressed epitome
the h t ry of the race
Those therefore who desire to obtain a comple e

k owle ge animals i deed any ani al
m st not be contented with a cou t the anatomy
the ad lt they must direct their at e tion also
its development and become the stude ts

whi e they ust less take care to
st dy the hi ry the animal its a lie the
past ages the world know somethi g

These
are the grea est assistance endeavour

obtain some cle r idea the morphology anima s
but less sure no le s importa t is that
comparison by ea s which similar part in

dif erent organisms are studied and explain d
bet er aid sa e j udgment be a orded it must
be u ed unceasingly and unsparingly

great maze mass fac s which ou d
in orks zoolo y comparative a atomy are
har ly be held together without the bo d phi

the gr upi g facts sti l more
grouping a im s must always more less
intelligent mecha ical artificial u less we ake
some some k d expla atio That which
we shall use here w ll be founded the belief that
there is a blood elationship el tionship by descent
and i herit nce between every emb r the a mal
k gdo that e e it p sible know all the
facts we co ld make a genealogic l tree a imals
which shou ld be exact definite as the family
tree which is dra up by the genealogist the
herald That divisio bi logy hich busies itself
with ge ealog c l p blems is know
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the steps in the di erentiation and elaborati
organised beings are examples that proce

which when b ed a belief in the
exis ence a blood relationship between anima s is
known as the doctrine descent In an attempt
understand this has worked we make reference
two d erent series facts We have in the fir t
place make ce ain generalisations as the in
which the i ere ce have been brought about and we
have in the second consi er what are the es enti l
properties of living matter hich may rega ded as
the determining fact rs in the evolution o ga ised

The generalisatio s made fro a umber
serve facts may if th s defi iti n be bor e mind
c lled the laws evolutio they have b e thu

en nciated by Professor Huxley
There has b en an excess developme t

some par s in relation others
Certain par s have undergone comple e

partial suppressio
Certain parts which were or ginally di ti ct

have coalesced
Let us apply these la s a co c et example and

select for study the fore foot a camel In the more
primi ive ammalia there were five fi gers digi s
each connected by a metacarpal palm bone ith
the wrist and these five sets digits metacarpa s
we e subequal si e the hoo ed group a im
the first these or thumb disappeared as the ca e
the modern pig the two that were ou ermost the
s cond and fifth became sma er and smaller as in the
sheep or deer finally as in the camel disappeared
alt gethe Here we have vario s stages
This loss the o ter a c mpanied by an increase
in the size the median digit and metacarp ls
law and the more less c plete f sio
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the third and ourth metacarpa s ith the other
law the result of this last process bei g the
formatio of a bone which at its lower end o y
gives any obvious i dication of primitively doubl
ature
The characteristics of protoplasm which appear

be the de e mining factors of evolution are its
power of producing an orga ism like itself and
the fact that no child or parent or any two childre
are exactly similar one another The first these
principles is known as that of the seco d
that It is obvious that the

second principle only comes into action because the
di erences in the s rroundings every i dividual
plastid the grea er the homogeneity the surro nd
ings the greater the likenes es betwee the plastids
The of heredity may ons quently be compared
the first law motion a quet
Organisms therefore t nd resemble their

parents being more less di erently a ected by
surro nding media and objects diverge more or less
from the parent stock the greater the di erences
in environment the greater the di erences bet een
p rent and child This is a ac so well know to
us all that we eed enlarge upon it here

P

While the convictio that there is an essential
u ity be een animals and pla t may be t ke as
of the most importa t results modern biology

we have no e that along the two lines of organisa
tion the constitue t protoplasm has on the hole de

s ecial characteristics In other words we are
not able al ays to say de nitely whether a given
cell lar organism is animal a plant but can
al ays with certainty point the di erences which
distinguish a rose rom a bee
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Th s the form a plant is d use arb res
cent that of an anim l oblong and rounded plant
lives carbonic acid and mi eral salts but an
animal requires lbuminoid foods The e foo s
the plant taken in by the porous tissues and ther
is no distinct mouth as the e is in but the lowest
and in the maj ority par itic mals The secre
tions of a plant are non nitrogenous wh e some
the waste pr ducts an a imal al ays contai
itrogen In their abit we find that pla ts are
fixed and animals locomotive lastly as
characters their cells we that plants have a cell
wall formed that ter ary compound which is known
as cellulose wh le the wall an animal cell when
pre en is der ved directly rom the cell protoplasm
To nearly all the statements made ex

be found th s cacti and fungi are
cert i ly not arborescent use while polyps as cer

Fungi appear equ re some more
complex compound th merely carbon c acid
m neral salts but such a b dy as ammonium tartra e
will ive the ourishment req ired every a l
know to req ires al minoid foo and dies when
deprived of it It is q i e true that plants
not give nitrogenous exc eta but their protoplasm
it m st al ays remembered is capable forming
th m the othe ha d all excreta of an animal
are itrogeno s scidians and if they are
tr ly anim ls some the Cilio form
lose The latter and some worms have been
served form starch and s gar is a ternary compo nd
ormed by various animals The ell known olvox
o ers an exception the st tement that plants are
xe and polyps and to a l rge extent stalked Echi

the sta ment that animals are locomotive
Lastly some lowest plants such asMy omycetes
have their protopla m ake while the j ust mentio
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have cellulose their cell walls and
the called matrix cartilage cells does appea
to be directly formed from the cell the selves
This en meration of di erences resemb ances is

after all unsatisfactory and will with the progress of
k owle ge come no do bt to be regarded as mis
e ding present it will fail its bj ect
impressing the student the broad and general
haracteristics animals and plant as we now kno
them but there m st be added to it a reminder that
among the higher members the Droserace e we find
plants w ose leaves ave in some for s po er

ovement when excited the glands their
leaves are a e both to digest and absorb animal
atters and the normal elec rical current is
when these leave are irritat d dist rbed in the sa e
manner as is that contracting animal m scle
The general relation animals to pla ts is well

show the following table Brass

P t

b b t b

The f ct that in sunlight green pla t that is
p ants containing chlorophyll give oxygen has led
some to think that plants take in carbonic acid
ex ale oxygen but plants as much as animals give
carbonic acid as a waste prod ct when an
mal contain chlorophyll grains it as m ch a p a t
ill give oxyge under the influence sunlight
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has bee wisely said that the highest laws
science are expressed in the simplest terms in the
lives the lowest orders creation Paget and
it wil be well there ore to commence studies
with a close inve tigati n into the characters of one
the implest living animals
The ord is a generic term which is

applied a number forms which have in common
the following charac ers they are more or less
min te specks of nucleated protoplasm without any
wall membrane li iting their surface and they are
capab e of p hing processes their body sub
s ance from any part or point it They are some
ti es as much as one hundredth an inch
iameter but they in all cases require the assistance
a microscope high powers for their satis ctory

st dy
If we place on a glass slide and a ter allo ing

it become sed to its position examine it
nder the microscope we shall at once see

is the ame that has been given it
orm is never constant ore than a few moments
together as we best demonstrat by m king a
ke ch its shape once every min te some five or
six times
These changes in for are we know expressions
the irritability and contractility the protoplasm

y
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L oked at more closely we see in it evidences of dif
str cture the mass small as it is

is homogeneous the outer portion is denser and

b
t t

clearer Fig than the inner which is more fluid
and granular lthough these portions are not
sharply marked from one another it is convenient
to have definite names by which to distinguish them
and we will speak therefore of an an

Within the endosarc we see a disk
shaped or rou ded body which retains its orm while
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the protoplasm around it is cha ging this is the
and within it is a smaller body the

little nucleus In the ectosarc we
have to observe a space which opens slowl and
tracts rapidly its power contraction may be seen
to be independent that the general mass of pro o
plasm This space the
appears though we cannot speak with certainty
be a kind of pump whereby wat r taken into and
forced out of the body the water that enters m st
bring ith it a cert in quantity oxygen which is
a prime necessity every living organism whether
it plant or animal while the water that is forced
of the body must carry with it a certain quantity
those aste products which al ays appear when a

living body is in active function
The contractile vacuole then wo ld appear to

e ect am eba the two processes of respiration
and of purification which in higher animals are
ormed by definite organs

will at once be noticed that there is special
point which food enters what is useless in th t
ood esc pes from the am e a in other wor s there
is neither mo th nor anus But it will almo t as
soon seen that this naked cell has need
either the the other it flows around the ood
it needs and it flo s a ay from the waste or useless
matter which is further use to

st there is special inlet the food
there is no part the cell which can be said

digestive in f nction We can best see wha
happens to the food hen it a green coloured plant
when such is under observation we that it
grad ally breaks up within the am b that it
g d ally o es its green colour and finally di appears
if it be a diatom that been flowed around we
may observe in time that the undigested case will be
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left b hi d The cell then which the am eba
co sists is capable of taking food and of making
it pa t itself it can in fine e ect all the opera
tions nutrition
The flowing around food is ly an expression of

that general locomotor activity the am eba which
finds a more general expression those remarkable
changes in form which we ave already directed
attentio These when studied in detail are found
to e ected in the following ashion some
point of the body where the contour is smooth and
rounded a ittle knob of ectosarc may be seen be
protr ded and to widen out as it increases size
the cavity in its interior which is thus formed b comes
filled with endosarc which flows int it The pro
t usion is at first broad or lobate it may so
remain or it may increase in length diminish
in prop rtionate bre dth or it may even become
branched at its free extremity uch pushing
the substance the naked cell is spoken of as a

alse foot When often
happens several small pseudopodia or one or a few
large size are given close another and if

the pseudopodia are at the same time protruded
from the opposite s rface of the cell then the w ole
m ss follows the pseudopodia there is a gene al
movement of the amoeba at such a time we
disti g ish an anterior fro a posterior end
The am eba then feeds grows and moves about

takes in oxygenated water and gets rid waste
material exhibits in fine all the essential pheno
mena of internal and external relation it does not
exhibit anything more than a gener irritability but
as it does answer stimuli from without it presents
us with a copy as it were the changes that occ r
in ourselves when we are acted on by external stim li
It performs all the actions tha are essential to
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idea of an livi g for itself it doe
more than this it performs als the nctio that is
necessary for the continuance of the species of which
it is a representative It reproduces itself
In the simplest case the act of reproduction is

e ected thus the n cleus elo gates ecomes con
in its middle and divi es into two this

division is being e ected the surrounding protoplasm
becomes divided into mas es each which
accomp n es one hal of the n cle s a res lt of
this process we have individuals where be ore
we had one and they di er only rom the am ba
which we have been previo sly st dying their
small r size as our fir t amoeba has altogether dis
app ared is to all practical purposes dead and
we have then in this the simplest condition
reprod ction the death the parent absolutely
temporaneous with the appearance of a new generation
This process of reprod ction is that which is known
as

nother method is also observed in the am eba
which may be regarded as a modification of that
fission small portion bud non n cleated
p otoplasm is grad ally separated fro the re t of
the mass this increases in size and develops within
itse a ucleus so t a it becomes exactly
similar its parent which in this case contin es to
exist Here we have reproduction e ected by bud
ding
Notwithstanding all functions performed by

this min te mass protoplasm it will be observed
that there is nothing in the cell to which we could
correctly give the name an organ We are in the
presence of life but hardly of organisatio
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F proceeding to a comparative ccount of the
str cture and functions of the organs
animals it will be necessary to introd ce the st dent
the broader charact ristics of the gro ps into which

the nimal kingdom has been divided What fol
lows in this chapter is be regarded having that
alone it is in no way looked pon either

as a class ficatio animals or even as an intro
duction it and it is to be sed rather as a kind of
g ide to the relative position any animal that may
mentioned in s cceeding chapters So far as is

possible in the necessities the c se it been
prepared as to hinder rather than to aid the st dent
in any attemp commit emory a system
cl ssification for it is certain that there is nothing le s
r it ul in good res lt than a parrot like acquaint nce
with what is only a compressed epitome of the more
certain results zoologic l enquiries but which it is
to be remembered may at any time be pro oundly
modified by rther investigation What is called a
classification the a imal kingdom is nothing more
less than a pr cis of our knowledge at a given mo

ment and its best can never be more than rela
correc

On the other hand the sketch that follows may be
as indicating the general cou se of development

t ken ong dif erent lines by di erent kinds
animals

The simplest a imals essentially resemble
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in this partic lar that the whole period
their lives all the functions of the organ sm are

performed by a and even where cells
remain collected into a colony each ind vidual member
that colony per orms all its d ties and af ords

no ssistance to the rest there is no division
labo r
In the igher animals a very dif erent phenomenon

is see here again the whole organi m is ind e
composed of cells or cell derivates howsoever com
plex it may become it starts always on the cycle of
its exi tence nder the form of a ingle cell This cell
which is kno n as the or egg cell undergoes a
series of divisions means of which o eight

cells prod ced and these beco e arranged in
definite fashion and take on more or less ell de ined
unctions Here then di erent parts of the organ s
have d ties in other words there is

The first lo er gro p organisms are ass
together as the the second

those that come a ter them form the of the
M Did we desire to use less objective terms
we might adopt for these gro ps the corresponding
terms of C and Ma pas which
conveniently direc attentio to the essential di er
ence in of the protozoan and the
the metazoan organi m
In attempting to arrange either of these divisions

we are met at once by the act that the c anges which
have taken place in organi ms have been in lines
or directions there been and there
has been The former we shall find
be more intimat ly associated with a free and active

life and a ready power of adap ation changed
the latter to a fixed and ofte a para

siti mo e of existence
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For p rposes shall find it co ve ient
divide the Protozoa into three great groups of
hich has become degraded by parasitism these are
the S of which the best known division are
the the others one of which is

higher than the other group may be c lled
S and the

the S the best type is the common
which we have already studied l ike it all

the members of the gro p move abo t and take
their food by means of those movements of the proto
plasm of the cell which res lt in ormation of
pseudopodia and they reproduce themselve either by
division or by budding
In the the am ebi orm character is

lost and the cell has and retains a definite form the
ectosarc ordinarily sheds out a structureless mem
brane This encloses the softer protoplas which
makes up the rest of the organism giving
delicate processes which make their way through
limiti g membrane these processes or

are typical y eveloped are portions proto
p as hich ret in their contractile power and form
the chief means of progres ion Owi g to pre
ence of the covering membrane or cuticle it is
sary that there sho ld be at some point an opening in
the cell by means which food may
at any rate enter this openi g is ordinarily poken
as the mouth in addition to it t ere sometimes a

second orifice developed which has the unction an
anus
The third division of the Protozoa are the de

graded parasitic orms of which the is
an excellent exa ple Though these cells are covered
by a distinc membrane there is no orifice
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mouth by which the food can enter living as they
in the digestive tract other cavities of the bodies of
higher an mals in which nutritious atter is abundant
they obtain such foo as they require by the mere

ro o r r
ro o

physical process of osmosis imilarly having ceased
lead a free life and abiding now in closed spaces

they have lost the ci a which were possessed by the
infusorian and exhibit instead a slow serpentine
mo ement which is ef ected by the ectosarc
The arcodi a are co veniently divided into thre

great divisions
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R z r i

H z l

R l

c r v c o c fi

r l o rc co l v c ol
o l fi r

eaving out of our consideration those simple and
incompletely known forms in which no nucleus is
developed in the protoplasm may dis

the naked m eb like Rhizopoda from those

c c c
o r o r
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in which a covering or test developed this test
may be chiti ous Gromia or chiti ous calca

or in rare cases siliceous it may have either

o l c o k l o r
o o

si gle large orifice Fig or the te t may be per
with a umber of ho es F

may attai to a large size N and great
complexity of for
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The H z either ave the body naked or a
siliceous s eleton is developed the body is very com
mo ly spherical shape while the pseudopodia

are alter but little in form and rarely
a ast mose with a other lastly theR
Fig have a chitinous central capsule around
which flows the protoplasm and with which there is

r ro b o
co j o

cl o co r c l v c ol

or i arily connected a delic te and often elaborate
siliceous skelet n The pseudopodia are less cons ant
in form tha in the Heliozoa enter into
moses with their neighbours
The are ordinarily ciliated but

some F the cilia are replaced by a s gle
lo g whip like process protoplasm
Fig and in others hich are parasitic on

bodies of other i fusoria s the
cilia are lost and replaced by te tacle like sucking
tubes
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I Param ecium Vorticella and
others the cilia are either reg larly d stri ute over
the cell are for the most part subeq al in
Param ecium or some are much arger
than rest tentor or the cilia are ordi arily
fined to a spiral circlet around the mouth Vorticella
are only occasionally found on other parts of the

B b
cl l l c l cl

ody fi ally they limited to the called
ventral sur ace Euplotes in the Peritricha as the
group which Vorticella and its allies elong is calle
there is often an elongated aboral sta k which some
times exhibits a remarkable power of rapid contraction
II F a number of forms are grou e

by some writers under this head of such as are
almost indubitably animal Noctiluca Fig the
a malcule which causes much of the dif used phos

of the sea is the best known
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III these parasites ci eta
Fig the mouth is lost and the sucking tubes
protruded from the protoplasmic
ss serve to co vey ood i to

the body study of their
developme t reveals the i t res
fact that they commence life

as ciliated embryos suggests
the idea that they are desce ded
from iliate i usoria
The z ill for the

purposes of this book be
sented by the Gregarinida The
forms best adapted for study are
the giga tic Gregarine found
the i testine of the lobster c

remarkable for bei g though but
a si gle cell as much as two thirds an i ch in
le gth and the much smaller species found in the

testicular reservoirs of the
earthworm

The key to structure
of the higher animals

r a knowle ge of the earlyE v lo cl
history of the egg from

which as has been already said they all arise
This cel when mature a mass of prot
plasm Fig ith a nucleus

ucleolus and in most tho gh not in cases
Hydra it has a definite investi g membra e
U der normal circumstances this egg cell is fertilised
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by the ale element chap xii and then commences
to undergo a process of cleavage or division It first
divides into cells which are in the simplest cases
equal size each of these again divides so that there

o o
l B o r
o c v E o l r o c l c o

r

are four then eight and so fter a time the pro
cess Fig comes and
then we have a mass segme ts which are either
closely applied to a other so have a ki d
mulberry ike appe ra ce he ce the ame of
applied to this stage as is more common the
segme ts separate from a other duri g the
process of division and give rise within a space
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the the cells boundi g
t s cavity then dergo a further change by mea s
of which the si gle becomes replaced by a double
layer of which is i terior to the other
This two layered condition is brought about in

one of two ways either the cells of one half of the
sphere are pushed i to the co tained space by
approaching the other half more or less completely
obliterate the
s egm en t a t i on
cavity or
cells undergo a
tra sverse
concentric clea
vage by means
of which each
c e l l b e c om e s
two and the
single is con
verted i to a
double l ay er
Wh eth e r th e
former process

rth a l o or l o l

or the latter takes place the cell
layers are regarded as comparable receive the sam
ames the outer k own as the Fig
the i e as the imilarly the

c vity hich is clearly the segme tatio
cavity in the latter mode an altogether
formatio in the forme is spoken of as the

hile the arro openi g the ex
is the The whole orga ism is

now said to be in the stage
No know animal remai s at quite the low

undif ere tiated co ditio of a Gastrula indeed
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most cases yet another as the
ep blast or hypoblast is respectively call d is developed
between the two we know already It is

spoken of as the it arises in
various modes i to the distinctio s of which we need
enter here it will su fice for us know that
all the higher Metazoa the greater pa of the

organis is fashio ed out of it
In all cases the outer in er layers u dertake

the fu ctio s which their positio e tails the
the cells of the epib ast b come converted i to the
par s which cover in protect the rest of the body
give rise also those orga s by mea s which

the orga ism becomes acquai ted with what is goi g
arou d it and
The hypobl t remains always in co ection th the

or digestive tract formi g the l ini g of its
walls the gla ds that are therei developed and
s ch outgrowths as may arise fro it the lower
divisio s of the Metazoa the mesoblast does not take

large share the formation of the orga s it
remai s in a more or less i di ere t co ditio In
the higher forms it becomes quite the most i porta t
layer the body taki g as it does the duty
develop ng the skeleto the muscles the blood
vascular system the excretor orga s the

tissues it always also becomes primari y
cle t or divided so that a ca ity is developed withi
it this is the true body cavity or all
a i als that possess it may whether they seco darily
lose it not spoke of as the
The ac lomate M tazoa are the spo ges P

the great group which belo g hydra
the j elly the
The simplest spo ges show hardly adva ce
the typical Gastrula the amou t mesoblastic tissue
develo ed being small but they are remarkable at
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once for a character which sharply distinguishes from
other a imals It happe s to many Gastrul e

that their blastopore closing up they develop an
i vestme t of cilia on their epi
b ast and swim about a
time freely in the wa er but
these ci ia are confi ed to
outer sur ace In the spo ges
it is otherwise the ci iated cell s
early become i ternal to the
ciliate some are retai ed
throughout li e the called
ciliated chambers When we
come to exami e i to the activity
of a livi g spo ge we find no
dvance that of a Protozoon
save so far as the division of
labour is here first clearly see
we find hat is that the multi
cellular orga ism feeds grows
respires reproduces itself
dies and we that like
ma y Protozoa it forms for
itself firm supports in the way
of a skeleto we
cells that are specially sensory

o e that are obvio sly
muscular there is the ge eral r
rr tab ty
which livi g protoplasm always exhibits but there
are special org ns for either fu ctio
The P or spo ges fall i to the followi g

divisio s
l which there is no hard

skele o
in which a support for the

body is furnished by ca careous spicules scon
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Leucon ycon The commonest Britis form is
ordi ari y known as Grantia Fig

in hich part the skeleton
is made up of spicules of s lica the common
fresh water sponge pongilla Chalina Euplectella

in which the skeleton is

C

r c ck B l c
fi r c o

Ec o r o r o r c c v cl

completely hor y or fibrous and devoid of siliceous or
calcareous spicules the bath sponges Euspo gia

the it is ot erwise in many
for s both ervous muscular tissues are to be
recognised not o ly by the aid the microscope
but the activity of these a imals and by their
reactions whe subjected to physiological experiment
He cefor ard the we have to with forms

which possess in some s ape or other all the
essential tissues of even the most complica ed
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orga isms i erentiation will lead to greater sub
division labour greater complexity of stru
ture but all the materials are even so low in the
rade of animal life ready our hand

o o o
r l

c lenterate a ima then is one in which the
archenteron of the gastr la even when seco dary
outgrowths are developed from it remains always as
the only cavity in the body in which the mesoblast
is imperfectly i erentiated but which organ
of o e ce locomotion and sensation are added on to
the structures of the original gastrula for



COMPARA TIVE ANA TOM PH SIOLOG

In its simples known co dition Hy ra
Fig a C elenterate has a termi al
which le ds nto a digestive cavity and around

wh i c h t e n
taeles are
e v e l o p e d
these tentacles
which serve as
organs of pre

s e n
s a t i o n an d

a r e
hollow

of
th e e n t e r i c
cavity passing
i n t o th em
There i s n o
second ori ce
to the entero
and
tion is e ected
either by gem
mation or by
the for ation
o f o v a an d
spermatozoa

F r ro In more
r c c om p l c a t e d

m emb e r s o f
the group the hydriform body gives bud and be
comes one of a Fig and the sep rate
perso s of this colony are co nected to ether by a
common trunk which hollow with and continuous
with the enteric cavity of each person in the simplest
st e of these colonial ormations each person performs
the same duties but in the more complex dif erent
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p rsons t ke on i erent duties when these again
are at their simplest stage we find that while some
urish the colony they ta e no
share in reproducing it this office is performed by
other persons which depend for their
nourishme t the neighbouring D i
ision labour among the perso s of the colony may
go sti l farther and groups become formed of w ich
some have nutrient others locomot r others protective
others prehensile or o ensive functions

phora Port g ese man war Fig Where
the C elenterate is fixed we observe in one divisio
that the ge erative persons become ree swimmi g
and while retaining the
esse tial characters the
division become greatly
altered in for in adap

to their new mode
l ife such persons are

spoke of M

Fig Fi ally we
that in some cases
fertilised ovum a

medusa gives rise not to
a fixed hydra lik body
directly to a medusa

form The tentacles are
set round the mou h in a c o
circle and the p rts ro r r c

o r cthe bo ll r
arranged a fashion r c l l l
symmetry which called

r

where however
the free mode of life has obtai ed a long period
time we sometimes find that there is only axis
the body either side of which exactly correspo di g
parts are to be fo nd in other words a
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takes the place of a radial symmetr Venus girdle
among the Ctenophora Fig page
The fall into two well marked

divisio s H z in the
former the mouth is placed a projecti g oral cone
while in the latter it is sunk below the level of the oral
circlet of tentacles and the cavity deve oped from
e tero and separati g its wall from the body wall
is traversed by partitio s
Fig of which a ce tain nu ber extend acro s
the whole of the cavity while others only project for
a shorter or longer distance into it

H z The hydrozoa all into two we l
marked divisions in the first of which the medusa
form when developed always has an i folded rim of
the body ru ni g rou d the in er e ge of the mouth
of the bell co sequence of the presence
of this fri ge it may be spoken of as the
division it the se se orga s are ne er protected
by lid or cover and they are therefore known as
the Naked eyed Medus e
and as the ge erative sacs ever form proj ecti g
pouches they are by some spoke of as
I The r spedota fall i to three

groups the first the orga ism is always hydri
form or the nutrient persons are hydrifor and
the ge erative medusiform or the organism is always
medusiform They may therefore be called H

Examples these are Hydra
phora Hydracti ia Ocea ia
In the seco d group we have those colonies

hydri orm perso s in which the common stem becomes
richly impregnated with calcareous salts they
therefore may be know as Hydroid Corals or H

uch are Millepora and t la ter



In the third gro p
we have those free
swimmi g colonies to
which reference has
a ready bee made as
examples of the h ghest
form of divisio of
labour they are called
the
and Velella Diphyes
Physalia and
phora Fig belo g
to this group

In the second great
division of the hydrozoa
we have the forms
which are best known
as the Medus e or jelly
fishes
With exceptio
they all pass through
a st ge which at first
somewhat hydriform
appeara ce

stage is
mark ble for u der
goi g tra sverse di
visio each of the
segments so formed
separates forms an
independe t medusa
When adult t ey are
al ays medusiform in
appearance as they
r rely have a velum to
their disc they are

o or
l r c oc l r

v r o r o
or ck
r o r v r



COMPARA TIVE ANA TOM PH SIOLOG

ofte spoken as the the term
teganophthalmata refers to the fact that their se se
orga s are placed in protected recesses on the margin

r

of the disc covered eyed medus e that of
must be altered from its origi al

cance to mean o ly that the ge erative gla ds are
large obvious T ey are ordi arily free but
Lucernaria is fixed the common urelia Fig is
a typical example of the group while is
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an example of the
for s in which the
origi al mouth is lost

replaced by a
number of small aper
tures developed on the
lo g arm like out
growths of its lips
B z
mong the nthozoa
we th e s e a
a emones and the great
bulk those

hich form
cora

ccording as they
possess eight and eight
o ly or six or some
multiple often a large

of six we divide
the thozoa i to the

and the

I The
ave never more than
eight tentacles and
these are flatte ed
serrated at their edges

lcyonium dead
men s fingers c a l
earcons spicules are
scattered in the body
in Tubipora organ
pipe coral the spi
cules collect and form
a continuous tu e for
each pol

T o



o

coral it is calcified w ile in the orgonia
elegant hard network is developed Fig
II The the six tentacles or mul

tiples of that number are and their e gessmooth ome like the
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alcareous salts o ten gives rise to large masses of
stony coral of which the brain coral M ea drina
is a good example in o her cases ungia
sep a are alone calcified
There st ll remains a division of the C enterata

which t o gh it has been definite y placed by some
naturalists with the Hydrozoa

by ot ers with the
zoa is possibly an i depe de t
group in these the eight canals
derived from the e t ron
at equal dista ces close to the
sur ace of the body alo g
these there are formed bands of
cilia which have consequence
of their comb like appearance
gained these forms the ame

The glassy globe
called ydippe Fig is fou d
our own shores while Ve us

girdle Cestus ve eris is an ex
ample that acquired bilateral
symmetry to which we have already
referred Fig F

G

the remaining Metazoa a cavity distinct from
the arche teric cavity becomes developed and the
mesoblast becomes the seat of those importa t changes
by mea s of which nearly all the tissues of the body
are derived from it In the midst of t is mesoblast
a cavity ar ses by cleavage or fissur or from the
archenteron there are given out growths which
time become shut from the parent space and

occupy the middle of the mesoblast The cavity
formed in either of these ways is spoken of as the body
cavity or and the result of its appearance is


