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PREF .A.CE TO THE . EDITION. 

VfrrH 1·egard to the present Edition of this work, the Author 
has only to say that he has submitted it to a thorough revision, 
and, td the best of his ability, has brought it up to the present 
standard of our knowledge. As the work is stTictly elemen­
tary, and is intended solely for the use of J uuior Students, it 
has not been deemed advisable to make fundamental altera­
tions in its plan, or to materially change the classifi­
cation followed in prnvious Editions, save ill those instances 
in which there is now a general consensi{,8 of opinion. The 
more important recent additions to our acquaintance with the 

· existing or extinct fauna of the world have, however, been 
noticed in the text, and fresh illustrations have been introduced 
where this appeared to be desirable. 
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1. DEFINITION OF BIOLOGY .AND ZOOLOGY . 

objects may be roughly divided into tlu·ee groups con­
st1tutmg the so-called Mineral, Animal, and Vegetable kingqoms. 
The objects comprised in the mineral kingdom are all devoid of life, 
and they exhibit the following char acters : a. Their chemic.:'tl com­
position is simple. They consist of either a single element, as is the 
case, for instance, with native gold; or, if combined, they almost 
alw;:i,ys occur in nature in the form of simple compounds, com1Josed 
of no more than two or three elements-as, for example, common 
salt, limestone, plaster of Paris, and many others. b. Mineral bodies 
are, when unmixed, composed of similar particles, which have no 
definite relations to one another ; or, in other words, they are lionio­
geneous. o. The form of miileral bodies is either altogether indefinite, 
when they are said to be "amorphous " ; or, if have a definite 
shape, they are crystalline, in which case they a.re usually bounded 
by plane smfaces and straight lines. d. When mineral bodies 
increase in size, as crystals may do, the incre ase is produced simply 
by he addition of particles from the outside (technically called 
" accretion "). e. Mineral bodies exhibit no phenomena which are 
not purely physical and chemical, and they show no tendency to 
periodic changes of any kind. 

All the bodies which exhibit these characteristics belong 
to the mineral kingdom, and fall to be treated of by the sciences of 
?eology, Minera logy, Chemistry, and Physics. should be borne 
m mind, however, that in the case of what are called "fossils" or 
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RHIZOPODA. 27 

the body. If we watch an .A:mceba 6, B) carefully, there is 
usually no difficulty in observing that every now and again there 
appears at one particular place a clear spot, "like a window," which 
slowly expands to its full extent, and then usually contracts slowly 
till it disappears altogether. This process of gradual expansion and 
contraction is what is called "rhythmical "-th at is to ay, it is 
repeated at tolerably regular intervals, perhaps twice a-minute. In 
some cases the vesicle, when contracted, remains so for a long time, 
but it always reappears in the same place. It is known as the 
"contr actile vesicle"; and there can be little doubt that it is a 
permanent organ. It i , in fact, a little clear space or cavity in the 
substance of the body, filled probably with the nutritive fluid 
derived from the digestion, and no doubt serving by its contraction 
to drive this fluid to various parts of the body. In its function, 
then, the contractile vesicle of the Amceba is to be looked upon as 
the first indication which we have in the entire animal kingdom of 
that most important organ, the heart. 

The Amceba possesses no breathing-organs of any kind, and no 
excretory organs, so that these functions must be performed by the 
general surface of the body in a manner somewhat the same as the 
exhalation from the skin which takes place in the higher animals. 
There are, also, no traces of a nervous system, and no organs of 
sense, and the only other structure of any kind is what is known 
as the nucleus. The nucleus (fig. 3 and fig. 6 n) is simply a small 
rounded or oval, granular mass, and there may be more than one 
in the same individual. Its function, however, is quite unknoWJ1, 
though it is probably connected with reproduction. The means 
€mployed by the Animba to perpetuate the species are various, but 
the only one which need be mentioned is the process by self-division. 
This is what is technically called" fission" (Lat.findo, I cleave), and it 
.consists in a gradual division or cleavage of the body into two parts, 
each of which then becomes a separate and independent individual. 
ln some cases this process is slightly varied, a single pseudopodium 

.,_.aione being cast off and becoming a fresh Amceba, but this does not 
.differ essentially from the former. 

Regarding the Amceba from a physiological point of view, we see 
tha though the animal notu·ishes itself and maintains its existence 
perfectly, the process of nutrition is carried on in the simplest pos­
sible manner, and with the simplest possible apparatus. There is 
no permanent mouth, no stomach or alimentary canal of any kind, 
no respiratory or excretory organs, and even no distinct aperture 
for the extrusion of indigestible food. The only distinct structure 
which is at all concerned in nutrition is a rudimentary contractile 
-cavity, the first foreshadowing of the heart in the higher animals . 































42 INVERTEBRATE ANIMALS . 

kind of fringe or circle ro\wd the mouth of the calyx. Nearly in the 
centre of this ring, -or on one side, is placed the aperture of the 
mouth, which leads by a short gullet straigh t into the central soft 
sarcode of the interior of the body. A nucleus and contractile vesicle 
are also present, so that in the essential points of its anatomy Vorti­
cella does not differ from a free-swimming Infusorian such as Para­
maciurn. Indeed, a transition between the two forms is found in 
the so-called Trumpet-animalcule or Stento1· (fig. 20, A), which can 
detach itself and swim about at will, at the same time that it is 
ordinarily fixed by its thinner extremity to some solid object. In 
Vaginicola (fig. 20, B), again, we have an animalcule closely related 
to Stento1·, but having the body protected by a horny or membranous 
sheath . 

The group of -the Flagellatecl InjiM01·ia is distinguished frqm that 
of the Ciliata, by the fact that the body is fiwnis liecl with one 01· 1no1·e 
long lcMli-like filanwits 0' flagella, itsually 'Without an,y cilia. 1 
niwleus and vesicle are pres ent. The flagella of these 7' 
:singular Infusonans are the ,main locomotive organs, serving by 
their lash-like movements to drive the animal through the water, 
as also to set up currents by means of which food is brought to the 
organism. In many instances, the latter is their principal func­
tion, as the animal is fixed by a stalk in its adult condition. A 
few forms have a mouth (e.g., Euglena); but most have no distinct 
oral aperture, the inception of food being limited to a definite dis­
coidal area surrounding the base of the :flagellum. This area is en­
closed by a delicate membrane, which is prolonged upwards round 
the lower part of the flagellum as a kind of cup or "coll ar" (fig. 17, 
E). The movements of the flagellum produce a kind of miniature 
whirlpool inside the collar, and the animal is thus .supplied with food. 
These "coll ar-bearing" Infusorians possess, as will be subsequently 
seen , a striking resemblance to certain of the cells which form the 
body of a sponge. A nillnber of the Flagellated Infusorians possess 
a limited number of cilia, in add ition to the flagellum. This is the 
case for example, in the curious forms known as Pe1·idiniwrn lU.1: 

Cer:Uiwn (fig. 17, D), in which the body is enclosed in a kind 0 

horny shell with long projecting processes. 
In their internal structure , the Flagellated fofusorians do not 

differ essentially from the Ciliated forms. They occur bo in 
fresh and in salt water, and often form colonies. They are mostly 
of very mimite size; and it is difficult to separate cert ain forms from 
certa.in groups of plants (Algee). 





















52 INVERTEBRATE ANIMALS. 

there a distinct intestinal tube which runs through the body-cavity 
and opens on the surface by a mouth at one encl and an excretory 
aperture or anus at the other. It may be added in this connection 
that, though it is convenient to apply the term of " body-cavity" to 
the general space included within the body-walls of a Crelenterate 
animal, the space does not correspond in its mode of development 
with what is known as the body-cavity of the higher animals. 

Another leading character of the Ccelentemta is the com position 
of the body out of two fundamental membranes (fig. 26), which are 
usually of a very simple structure in the embryo, but which in the 
adult become more or less complicated by the development of mus­
cular fibres and other tissues. The outer of these layers or mem­
branes is known as the "ectoclerm," <tnd it forms the whole of the 

Fig. 27.-Thread-cells of Ctclent ernte animals, greatly magnified. A and B, Thrca<.1-
ccll of a coral (Caryophyllia), with the t.hrencl eYerted. C and D, Thread-cell of a 
Sea-anemone (Corallim orphus), in its quiescent and active condition. E, Thread- / 

cell of Hyclra, with the thread everted. . 

surface of the body, terminating at the margins of the mouth. 
The inner layer is known as the "·endoderm," and it lines the whole 
of the interior of the body, being prolonged into the tubular ten­
tacles the mouth. Both of these membranes, but especially 
the endoderm, are usually more or less richly with vibrat­
• (1' cilia. The muscular and other tissues which are developed be-
mt b the ectoclerm and endoderm, constitute what is called the 
ween . 11 d" h " mesoderm." The peculiar microscopic organs ca e t read-cells," 

"n:ettle-cells" or" cnidre," which communicate to many of the Ccelen­
(such 'as ·the sea-jellies) their peculiar power of sti1iging, are 







































































































































































AN ARTHROPODA. 135 

pedes (Nm·eis); and the Sea-mice (..dph?-or4jte and Polynoe), some of 
r hich attain a large size, and are conspicuous for their iridescent 
bri stles. · Other less a_bundant forms niay be readily obtained by . 

( 
s·earching under stones at low water. In one remark able .A.nnelide, 
from the Philippine I slands, the body is branched, and thus becomes 
trnly composite. A few of the Erra.nt Armelides live in the open 
ocean. 
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CHAPTER XV. 

1\HTRIAPODA. 

CLASS III. MYRIAPODA. 

Tms class is a small one, and includes only the Centipedes and the 
Millepedes. In all the lfy1iapoda the liead is distinct, and not 
amalgamated with the thorax. Tliere is no clea1· boitnda?'!J-line 

tlie thorax and tlie abdmnen, both being composed of nearly 
s11n1lar segments. Tlie body (except in the genus Pau1·opus) always 
consists of more tllan twenty rings; and the hinder segments, which 
conespond to the abdomen, always caITy locomotive appendages, 
whereas the abdominal rings in .Amclinida and Insecta are always 
destitute of locomotive appendages. One pai1· of antennaJ is present, 
a_nd nwmber of tlie legs is at,ways mo1·e tlian eight pai'rs. Respira­
tion is carried on by branched all:-tubes or trachere. 

In most of their characters the .Myriapoda closely resemble the 
true Insects, with which, indeed, they are not uncommonly classed. 
The true Insects, however, always have the head, thorax, and abdo­
men distinct from each other, and have never more than three pairs 

legs. In most of the .Myriapoda the young or "larvre " are more 
like insects ·than the adult, since they have only three pairs of legs, 

\ ;l'. are altogether destitute of feet. In some cases, ,however, the 
_Ah_ttn.g Myriapod, on escaping from the egg, possesses nearly all. the 

l a!'acters of the parents, except that the number of body-rings, 
d consequently of legs, is smaller, and increases with every change 

of skin ("moult"). The class is divided into two leading groups 
or. orders, represented by the common Centipedes (Cliilopoda) and 
Millepedes ( C!iilognatlia ). 

The Centipedes (fiO'. 105) are carnivorous in their habits, and the 
organs of the mouth :re adapted for a life of rapine. In addition to 
the parts of the mouth proper, they have two pa.b:s of "foot-jaws," 
of which second is hooked and perforated for the discharge of a 
poisonous fluid. The bite of the common European species is per­
fectly harmless to man, but some of the tropical forms attain a 

























































































































































































































264 'ERTEBRA.TE 

ORDER II. 0PHIDIA. 

This order includes most of the animals which wo1Jld commonly 
be called snakes or serpents, and is characterised by the following 
peculiarities : The body is always more or less worm-like, 
or cylindrical, and the skin develops horny scales, but bony 
plates. There is never any breast-bone (stern1tm), nor pectorn.l arch, 
nor fore-limbs ; nor, as a rule, are there any traces of hind-limbs. 
In a few cases, however, rudimentary hind-limbs can be detected. 
The ribs are always very numerous. The two halves of the lower 
jaw are composed of several pieces each, and they are united to one 

Fig. 180.- The NaJa haj e, a poisonous Snak e of Egypt. . 

another in front only by ligaments and muscles (fig. 185). Hooky ci,.-l 
conical teeth are always present, but they are never lodD"ed in dis­
tinct sockets, and are only used to hoid the prey, :nd not in 
mastication. The lungs and other paired orO'ans' are often not 
symmetrical, one of each pair being usually smaller than the other, 
or altogether absent. 

The most striking of these character s of the snakes (fig. 189) is to 
be found in the natu re of the organs of locomotion. The 
a.ire invariably altogether wanting, and there is no pectoral arch nor 

































































































































































































































374 GLOSSARY. 

(Gr. pne1tmJ, air; phero, I carry). The air-bladder of the 
Physoplwrid ce. 

PooosOMATA (Gr. pons, foot; soma, body). An order of Araclvnida. 
PorsEns. See Balancer s. 
POLLEX (Lat. th e thumb). The innermost of the normal five digits of the fore­

foot of the higher Vertebra.ta. The thumb of man. 
POLYCH.iETA (Gr. pol1ts, many; chai le, bri tle). 'l'he order of the higher Anne­

li<les, comprising the Sea-worms, in which the foot-tubercles carry tufts of 
bristles. 

PoLYCYSTTNA (Gr. polus, many; l.."1.tslis, a bladder). An order of Protozoa. 
POLYGA..t\IOUS (Gr. pol1l8, many; gamos, marriage). Applied to cases in whicll 

one male consorts with several 
POLYGASTRICA (Gr. pol1lS, many; gaster, stomach). The name applied by 

Ehre.n berg to the lnf1tsoria, under the belief that they possessed many 
stomachs. e> 

PoLYPARY. The bard chitinous covering secreted by many of the Hyd1 ·ozoa. 
POLYPE (Gr. polm, many; po1l8, foot). Re tricted in modern usage to the 

single individual of a simple A.ctinozoan, or to the separate zooids of a. 
compoimd A clinowfYa. 

POLYI'IDE. The separate zooid of a Polyzoon. 
POLYPIDO:U. Synonymous with polypa.ry, but often applied to the PolyMa, 

as as to Hyrlro zoa. 
POLYPITE. Tbe separate zooid of a Hydrozoon. 
PoLYTfi.ALAMOUS (Gr. 110l1ts, many; thalamos, chamber). Many-chambered. 

Applied to the shells of Formniw;f era and Cephalopoda. 
1 

PoLYZOA. (Gr. polus, many ; zoon, animal). 'l'lrn Sea-mosses, and Sea-mat s, 
forming the 1owest class of the .MollttSca. · 

PonlFERA (Lat. pDr1ts,--a pore ; f ero, I carry). The Sponges, so called because 
the body is furnished with canals terminating on the surface in larger or 
smaller 

PR.iEMOLARS (Lat. prce, before; 1nolares, grinders). The teeth 'vhich succeed 
foe molars of the milk-set of teeth. · 

Pn.iE-CESOPHAGEAL. Situated in front of gullet. 
PnOBOSCIDEA. (Gr. proboscis, the snout). The. order of Mammals comprising 

the Elephants. 
Pnoc<ELous (Gr. pro, front; k'oilos, hollow). Applied to vertebrre, the bodies 

of which are hollow or concave in front. 
PROTOPHYT.A. (Gr. p rotos, fast; phyton, plant). The lowest division of 

plants. 
PROTOPLASM (Gr. protos, first; pla;:;so, I mould). The elem entary basis of 

organised tissues. Seen in its least modified form in the "sarcode" of the (J 
Protozoa. . 

PROTOZOA (Gr. protos, first; zoon, animal). The division of the Animal ' 
Kingdom. · · . 

PROXIMAL (Lat. proximm, next). The slowly growing, comparatively fixed { 
extremity of a limb or of an organism. ! 

(Lat. a stringed instrument). The third stomach of the 4 
(Gr. pseudos, false ; haima, blood). The vascular system 0!{1 

the Annelida. , 1 

Contractile cavities connected with the reproducti>Ve system 
. of the Bracliiopocllt. 
PSEUDOPODIA (Gr. pseudos, falsity ; podes, feet). The temporary extensions 

the body-substance which are put forth by the Rhizopoda at will, and 
serve both for locomotion and for prehension. 

PTEROPODA (Gr. pteron, a wing; podes, feet). A class of lrfoll'ltSca swimming 
by means of fins attached to the sides of the bead. 

PTERos.AURLl.· (Gr. a wing; smwa, a lizard). An extinct order of 
Reptiles. 

PULMONARY (Lat. pulmo, a lpng). Connected with the lungs. 
PULMONATE. Possessing lungs. 
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2 'trmmtam :m'\achwoot> ant> Sons' 

Characteristics of English Poets, from Cha;icer 
TO SIImL1'.Y. By he ' Second E llition. Crown Srn, 1: · 6d . 

English Prose Composition; a Prac tical :Manual 
F R. u E Di SCHOOLS. B J JUtES c nnrn , LL.D .' P rinci1 al of 
th e Church of . cotl:rnd 'l'ra ining College, Ed inb urgh . T hirty ­
Eighth Thou and . l s. 6d. 

"We do not r member bnxin g . een a work so eomr 1 tely t 0 \11" minds ns 
thi , whir:h ·ombine sound the ry with jndi ciou · prncti e. Proceedin g. t p 1.Jy 
step , it nclvnn es from the f rmnt ion r the . b rtcst •ntnnees to tho ·omposi ­
tion of omplete c nys, the pupil being everywlt re furn ish d with all n edfu l 
n istan e in th e way f models nud hints. Nol.Jody cnn work throu.;h : u 11 n 
book a this wi hout thorourrhly und er tarn.ling he · ru ture of sentence: , and 
n quiriQg facili ty in nrrnngincr and ex1 re ·. ing h is thoughts app1· pr int ly . It 
ought t.o be exte ns ively u ·etl." - 1thenccu1n. . 

Mathematics. 
Primer of Geometry. An Easy In trodu ction t o 

the P ropositio ns of Eu clid. By FRA.NCIS CuTEIIJERTSO , 1\I.A., 
LL.D. , late Fellow of Corpus Christi Coll ege, Cnmbri l ge ; Heall 
Mathemat ical Mast er of the Cit) of London School. 5th Edi tion. 
l s. 6d. 

" The election is most judi cious and we believe the plan will be suceess -
fu l. " - Speclator . ' . 

The Theory of Arithmetic. By D AVID MUNN , 
F.R.S.E., Mathemat ical l\fa ter, Roya l High Schoo l of Edinburgh . 
Crown 8vo, pp. 29±. 5s. 

Treatise on Arithmetic, with numerous Exerc ises 
for Ten:ch!ng in . es. By J A.?llES WA'l' ON, one of t he Maste r 
of Henot s Ho p1tal. A New Edition . Fcnp . 18. 

Algebra for Beginners. By C. S HTH . . Part I. 
Fcap . 6d. An. wers to ditto . 2 1. 

. c 







J5bucational • or'ks. 5 

I I. 

The School Etymolog·ical Dictionary and Word-
no K. ombinin g th e advant a« of an ordinary Pron oun ing 
' hool Dict ionary and an Et ·mologi al lli1icr-Book. ' nt ai n-

in (T : 'l'he Di t io11ar •-Li f Pr fix - Li t of I o t 1x -Yo nb ­
ulary of Root-word , follow ed b y En O'li h D ri ,·a io11 . B · th 
Sa . IE. Third Eclition. .Fcap . Srn, pp. 260. 2 . 

I II . 

The Handy School Dictionary. For U e in Ele­
menta.ry School , a.nd a a. Pock et R eference Dict ionary. By the 
SA .. i\IE. Pp. 268. 91. 

History. 
Epitome of Alison's History of Europe, for the 

U E OF SCRO LS. 29 h Thou an l. Po t 8vo, pp . 60-!. 7 . 6d. , 
boun l in leather. Atla to ditto, 7 . . 

The Eighteen Christian Centuries. By the Rev. 
JAi\rES WHITE, Author of 'The Hi tory of France.' Seventh 
Edition, po t 3, o, with ind ex. 6s. 

"He goe to work up on h only tru e pr in cipl e nnd pro lu a pi ture that 
a.t n c ntisflcs truth, nrrests th e mcm r.)', nnd fllls t he im:u!ina.ti n. lt will 
bo difticnlt t lo.y han l on nny b k of th e kind m re u. cflll nntl more entcr­
t.'lining." -'.Z'im . 

History of France, from the Earliest Times. By 
the SAM E. 6th Thou aud, post 8Yo, with Index. 6 . 

History · of India : from the Earliest Period to the 
CLOSE OP THE COMPANY s GovEnNME T, WITH A:N EPI­
TO:UE OF SUBSEQ UENT EVENT S. Abridged from th e Author's 
larger ·work. B) JOHN CLARK l\LlR.SlillAN, c.s.r. Crown Svo, 
pp. 568. 6s. 6c1. Second Ed ition, with lfap . 

. " .'Th ere i. on ly one Hi tor of Ind ia,, n_ud that !s Mnr hmnn' s,' exclaimed a 
cn t1c when the ori«inal thr ec-Yohm1e chtion of t111 b ok appear ed ome ycnrs 
ago. H e had rcnd

0
t hem all, and a. whol e library of books referring to J)eriod s 

of the 11istor , nnd t his wns hi con lusion. It is a wise and n. just Yerdi ct "-
Dai ly R eview. · 
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Geography. 
Elevmtli 

Manual of Modern Geography : 
PHY "J:OAL POLITI CAL. on a ne11,· plan, embracm (T a ev 
developm' nt of the Riv er y t ms of he de.t t I)llb: 
AJ.,BX\Jm:im ill. OKAY, LL.D. F.R.G .S. Ren e o a 
li ca.tion. Crown 8vo, pp . 6 8. 7 . 6d. 

· · p inllY 'fhi . volume-th • r . ult of rna11y y ar ·' unr mitting n1 pli_ nti n- 1: t l Ci\'il 
adapt ed for h u e f 'f c.'\ ·h rs , Atl rn nc tl Cla c , Cn11tl1c\at · f 1 1 

Service, u.nd 1 roficien in geobrrnphy gen rally. 

Fifty -First T!tousand. 

Elements of Modern Geography. By the SA rn. 
· Revi ed to th e 't re. ent time . Crown vo, pp. 300. 3 . 

TbG 'El ement. ' rm .a. car ful nd n nti n f th ' f fllrnnl, ' _th ord r 
1 
f 

arran"ement being the :nne, th e rh· r- y. m. of h glou p lny111g th t 
conspicuous pnrt , the pr nun inti n cing giv n, and th r r. th \n ed 
cen us eing unif m1ly exl1ibitccl. Thi v lun c i now cxtcn ·1v ly mt r c u 
'int-0 many of the be-t chool in h 

One Hundr ed and Sroentiet!t Th ousand . 

Outlines of Modern Geography. By the .SAME .· 
Revised to th e present time. 18010, Pl. 112. ls. 

These ' Outl ine '-in many r spc ·ts nn pit me' f th e ' Element: '-nr e cru·c­
fully prcpar 1 to meet tl1e wnn f beginn er-. The un:mgemcnt L t he 
a in the Author's larger w rk: . Minute d tail · arc uYoid d, th e br nd utlln t 
nre g1·:q hi nlly Ir . ented, th e n entuu ion marked, nn<l th e m st recen 
changes in p lit ical g<:ogrnphy exhihit e l. 

Tmt!t Edition, Revis ed. 

The Geography. I ntended as 
Interm ediate Book between the Author's 'Out lines of Geography 
and of Geography.' By th e SAME . Revised to the 
present tune . Crown 8vo, pp . 238. 2s. 

Seventy-Ni?tt!i Thousand . 

in Geography. By the SAME . Re-
vised to th e present time. ·18mo, pp. 56. Se·wed, 4d. In cloth, 6d. 

Geography of the British Empire. By the SAME. 
3d. . 

I 

of Physiography. By the SAME . 25th 
Thou sand . See page 8. 
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