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PREFACE.

e ——

Ir is now generally recognised that a certain acquaintance with actuwal specimens is necessary for
the proper understanding of Plants and Animals. By the practical study of representative forms,
exemplifying the leading modifications of plant and animal life, the student obtains a basis of
distinetly observed fact with which to compare other forms, and round which to cluster the infor-
mation derived from books.

The University of London has given practical shape to this idea by selecting a series of common
types which “ each candidate must be prepared to examine microscopically, to dissect and to deseribe.”

In this Atlas, which is intended to serve as a guide to, and not as a substitute for, practical
work, drawings are given of the various points of importance exemplified by each of these types,
to enable the student to make out the points for himself on the actual specimens. Experience
both as students and feachers has taught us, that in this constant appeal to the object itself, the
student is greatly assisted by clear and accurate drawings. In the friple alliance, as it may be called,
of deseription, drawing, and object, is found the easiest, safest, and surest means of successful study.

Not only is the Atlas a guide to practical work, but since it contains the results of that work
in a permanent form, a glance at the drawings with their accompanying description will serve as a
valuable refresher to the memory before going up for examination.

Further, the Atlas may be used with any of the Text-books of Zoology or Botany in common
use, such as those of Huxley, Nicholson, Macalister, Sachs, M‘Nab, ete., because equivalent terms
are noled in the text, and thus the language of the science is translated as it were into the different
dialects.

The drawings belonging to each form represent the leading features in the history of its life.
The structure as a whole is first shown, then the details of the various parts by means of separate
drawings, and finally so much of the history of its development as is likely to be required.

In every case the types represented have been practically examined, and drawings made from
nature. A number of the drawings are taken from dissections and microscopic preparations made
in the Biological Laboratory of the Royal School of Mines, London. Others are copied from reliable
sources whenever they give clearly and correctly the most instructive view of the object. In the
development special care has been taken to give only such representations as were drawn by
practised observers, eg. the development of the Ameba is taken from Haeckel, and that of the Cray-
fish from Rathke. i

Drawings after nature are headed Figuves, and Diagrams are occasionally introduced for
explanatory purposes.

The explanatory text arranges the information obtained from the drawing in a convenient form,
coplains briefly the nature of the object seen, states epuivelent terms when the same thing is
differently named by standard authors, gives the devivation of names when that throws light on their
meaning, and accenfs them where there is any danger of wrong pronunciation, and finally sums up
the distinelive characiers in the form of o elassification,



iv PREFACE.

A few general practical directions are given to enable the student to adopt those expedients in
the examination of specimens which experience has shown to be the best. These instructions are
necessarily brief, but a detailed account is less necessary since the methods to be pursued are given
clearly and at length in Huxley and Martin's Elementary Biology, to which the student is referred.

The following features of the Atlas may be specially mentioned : —

The names of the various parts are placed on the drawing.

The description faces the Plate.

Colour is used to distinguish the different orzans, and as a rule, corresponding parts have
the same colour thronghout in order to render comparison easy.

The size of a microscopic object is generally given, or shown by means of squares, to
prevent misconception.

The comparative Histology of Frog and Man shows that a close correspondence exists
between the structure of the Froz and that of higher animals, and thus justifies its
detailed study as a representative form.

The complete life-history is usually given.

Separate drawings are freely used for the different systems of the Plant or Animal body,
and thus all the evils and confusion arvising from overcrowding are prevented.

Equivalent terms allow of its being used with any standard text-book.

No apoloay is needed for issuing a work of this kind. While there are large and well-executed
wall-diagrams which the student may admire at a distance, there is no set of drawings at a convenient
price and in a handy form which he can use as a map to zhow him the various regions of the Plant
or Animal, and guide him in his attempts to explore them. It is hoped that the cheap and con-
venient form of the Atlas may favour its introduction even into higher-class schools. There the
study of Biology might be made a powerful instrument, both of information and training, and a
valuable preliminary to the study of Physiology.

We are much indebted to Mr. 8. P. Eastick for valuable aid received while the work was in
progress.  No pains have been spared to ensure accuracy, yet doubtless some mistakes have escaped
notice.

EpIxBURGH, Jonuary 1850,
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GENERAL DIRECTIONS FOR PRACTICAL WORK.

.
=

For the examination and dissection of the various specimens the following apparatus will be required :—

Disseefing Tnstruments,.—Sharp knife or sealpel ; forceps; dissecting needles ; scissors; and dissecting
dlish.

Dissecting needles may be readily made by fastening ordinary necdles in penholders.  To fasten the
needle, hold it in a pair of pliers and push the sharp end into the wood ; withdraw the needle again and insert
the blunt end. These needles may be made to cut by grinding edges on them. The needle is readily bent by
heating in a gas fHame and bending with the pliers,  Such needles are very useful in dissecting flowers,

Dissecting Dish.—A shallow vessel may be used, with a plate of wax, gutta [H.‘;TC]‘HI. or black paraflin
{prepared by melting down solid paraffin and lamp-black) covering the bottom, on which to eut up or pin down
the specimen. A tight-fitting lid with a laver of eork fastened to the inside can be used as o dissecting board.

Opticed  Tnstruwments,—Mieroscope ; pocket lens, which may be used also as o dissecting microscope by
having a fixed rod on which it ean be moved up or down, leaving the hands free for teasing, ete. ; watch-
maker’s magnifying-glass, which may be used in dissecting out nerves, blood-vessels, or any minute structures,

Small apertures are best made out by taking a glass tube drawn out to a fine point and blowing through
it to enlarge the opening.  Bristles can then be readily inserted.

fteagents, etc.—Distilled water; weak spirit ; solutions of magenta, carmine, iodine, salt, potash, and
chromie acid ; glycerine ; acetic aecid.

A weak solution of bichromate of potash may be used instead of spirit for preserving.

A good plan for dropping reagents is to fix glass rods in the corks of the bottles,

TEAST.

Mounting, —Get some Yeast at the brewer's or the baker’s, and place a small drop on a glass slide.  Cover
with a cover-glass for examination under a high power of the microscope,

Staining.—Place 2 little of the staining solution beside the cover-glass, and arrange a slip of blotting-
paper at the opposite side, o as to eause a current of the staining material,

Crushing.—By gentle pressure of the finger or some blunt instrument the wall will burst and the contents
flow out. To prevent breaking and dimming of the cover-glass it is protected by a tiny pad of blotting-paper.

BACTERIA.

Mince some lean meat and soak in cold water for an howr ; filter, and keep in a warm place for several
days ; examine the liquid and the seum which forms on the surface with the highest power of the microscope.

MOULDS.

Teasing.—Take a very small portion of the mould and lay it on a slide with a little water, then tease out
by means of two dissecting needles,

PROTOCOCCUS.

Mounting.—Take a bit of the bark of any tree with green seam upon it, brush off the Protocoeci and
mount in water.

Mount a drop of water from a water-butt containing Protococei, stain with iodine, which kills the
Protoeocei and renders the cilia visible,

CHARA.

Hardening.—A weak golution of chromic acid is used. The chromic acid, in addition to its hardening
action, acts also as a solvent, dissolving any limy incrustation,

Tmbedding the slender Stem,—Soak a piece with gum, which will fill up any cavities ; then harden the gum
by dipping in aleohol, which removes water, leaving the stem surrounded by a coat of hardened gum, Place a
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little bit thus prepared in a hole scooped out in solid paraffin,  Melt a little paraffin in a small spoon and pour
around the specimen.

Section-cutting.—Wet razor with aleohol by means of a brush. Cut a number of slices and transfer
them with the brush to a watch-glass.  Add water, the gnmn dissolves, and the sections become detached from
the paraffin,

FERN.
Sections.—The rhizome cuts better after steeping for some time.
Staining.— A transverse section of fibro-vascular bundle, for instance, consisting of hard and elose-set
cells, may be stained by soaking with magenta for some time in a watch-glass, then washing with water from a
pipette hefore mounting.

FLOWERING PLANT.

Leaf.—Cut a small piece out of blade of leaf, Dip it into gum and then into aleohol. Tmbed in paraffin

and eut transverse sections,

Peel off a small bit of epidermis from the lower surface, say, of a geraninm leaf, and examine in water.

Anther.—Take anther from a flower before it opens. Dip in gum and aleohol before imbedding and
eutting sections.

Ovule,—One of the Speedwells may be used, e g. Buxbaum’s Speedwell.  Dissect out ovules from ovary of
flower from which corolla has just fallen, then tease them asunder under dissecting microscope in a drop of
potash solution and add a little glycerine when mounting.

Embryo.—The common Shepherd’s Purse may be used. Dissect out the mature ovules or seeds from
fruit. Commence with youngest fruit nearest the top, afterwards going to older, to get different stages.  Mount
in potash solution, press gently with cover-glass, and the embryo will be forced out through the micropyle.

Seeds.—DBeans or Peas are readily examined after steeping for a night in water.

frermination.— Wheat and Indian Corn can be readily germinated by placing in moist tow, surrounded by
flannel, and kept in a warm place.  The root hairs and root cap can be readily seen on these young roots,

AMEEA.

Eramination,—The readiest place to find some form or other of Ameeba is in the slimy matter taken from
decaying leaves in stagnant water.  Mount in a drop of water and examine like Yeast.

COLOURLESS BLOOD-CORFUSCLES.

Eramination.—Lay a drop of your own blood on a slide, then cover quickly with cover-glass. By means
of a eamel-hair brush surround with oil to prevent evaporation.

VORTICELLA.

Eramination.—On minute Water-plants, such as Duck-weed, groups are usually found. The operation of
feeding may be observed by introdueing particles of indigo or carmine into the water.

HYDRA.

Examination,—Found in stagnant pools and ditches. To examine alive, mount in plenty of water under

a large cover-glass,
Sections.—Kill by adding boiling water. Harden, prepare, and imbed as in Chara.
Sea-anemones treated in the same way micht be used instead.

EARTH-WORDM.

Dissection.—Kill with vapour of chloroform by placing in a stoppered bottle, with a few drops of chloro-
form. It then becomes stretched, and may be dissected under spirit. Fasten out in a dissecting dish, and
with a fine pair of seissors slit it up longitudinally a little to one side of the middle line and pin out the two
flaps. Needles with borax beads for heads are best for pinning out,
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FREESH-WATER MUSSEL.

Dissection.—Cut through adductor muscles of one side and remove the valve. Note the beating of the
heart. Il with hot water. Harden in spirit before following the course of the alimentary canal.

LOBSTER OR CRAYFISH.

Dissection.—Remove lateral portion of carapace by passing a knife under its free edge from the posterior
end to cervical suture. This part of the carapace is the gill-cover or branchiostegite (Gr. stego, I cover).
Notice scaphognathite working. Turn out the gills with the knife. Dissect from the left side, as in P XIIL
figs. 2 and 3.

Place another specimen under water in dissecting dish and it soon dies. Remove dorsal portion of
carapace and of abdominal somites with seissors, in order to make out the chief organs, as in PL. XIIL fig. 1.

Prepavation of Skeleton.—Boil in strong potash solution, which dissolves everything but the chitin or
horny substance compesing the shell. The parts of the exoskeleton may be disarticulated and laid out in their
natural order.

SNAIL.

The Edible Snail is the largest of all the Snails, hence its convenience for study ; but the Common Snail
may be taken. Snails can be kept alive for a considerable time, and warm water gemerally makes them
protrude from their shell. Boiling water kills them.

Dissection.—Remove shell bit by bit with strong foreeps, and pin the animal out in spirit, disseeting from
the dorsal surface, Lay open pulmonary chamber, then expose the viscera by laying open the dorsal integu-
ment of foot along middle line and removing the mantle, The viscera may next be laid out to display them to
advantage.

FROG.,

The Edible Frog is chosen on account of its larger size, but the Common Frog will also show the
various points,  Kill by putting cotton wool soaked with chloroform into its mouth.

Digsection.—A dissection from the ventral surface may be made under water in the dissecting dish by
cutting through the skin in the middle line from the symphysis of lower jaw to symphysis of pubis; then pin
out the skin on both sides, and varions museles, veins, ete., are brought into view. Next open abdomen a little
to one side of anterior abdominal vein, cut through shoulder-givdle, and remove its central portion. The
various viscern are then seen as in PL XVIII, fig, 2,

Turn over viscera to right side, ent away parts mentioned in PL. XVIIL fig. 3 (text), and pin out with left
side upwards so as to get the sectional view.

Prepare a specimen in spirit and nitrie acid for the dissection of the nervous system. Dissect from dorsal
surface, and remove the dorsal wall of the cerebro-spinal cavity by nipping it away with scissors, beginning
at the junction of the skull and spinal column, Dissect out cramial nerves and the nerves of the limbs for
a short distance., Remove brain and spinal eord and preserve in spirit for future use.

Take a similarly prepared specimen and dissect from ventral surface. Remove the bodies of the vertebra
and the floor of the skull. Along each side of the spinal column dissect out the sympathetic system, and trace
its connection with the eranial and spinal nerves ag in PL XX. diag. 1.

The prineipal cranial nerves may be dissected from the left side, as in PL XXL fig. 5, after distending the
cullet with a piece of glass tubing, Place in ehromic acid, with a little nitric acid to hasten the softening of
the bone and the hardening of the nerves,

section of Spinal Cord.—Take a piece hardened in spirit, prepare and imbed in pavaflin as before, and
mount transverse sections in glycerine.

Cireulation in Web.—1In a thin piece of wood or cork make a noteh to fit the web between two of the toes,
Stretch the web over the notch by thread attached to the ends of the two toes.  Keep the skin moist with wet
blotting-paper, and after placing a small drop of water on the web, cover with triangular cover-glass for exam-
ination under high power.

Preparation of Skeleton, —After cleaning the bones roughly, steep for about a week in sufficient water to
eover them, then place them for a few days in fresh water, which shonld be frequently renewed,  They may be
cleaned with a brush and then laid out in the sun to bleach. Any grease may be extracted from the bones by
benzol,
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PLATE I.

THE YEAST PLANT.

Cell-wall or sae.
A Cern J Protoplasm (Gr. profes, first; plasme, from plasse, to mounld),
Vacuole filled with cell-sap (L. wacewm, an empty space).
Figs. 2, 3, and 4. Showing—
MurrieLication BY Buppisg on Gesyartion (L. gemoe, a bud).

The commencement of the process is seen in fiz. 2. A bit of protoplasm is pushed out,
stretching the cell-wall and making it thin, Tig. 4 shows a cell aggregate or colony produced
by a repetition of the proeess of budding.

Fig. 5. Showing—
MyrrirLication BY Exposexovs Division (Gr. emdon, within g genmae, I produce).

The protoplasm collects usually into four round masses, each of which takes on a cell-wall.
Cells produeed in that way are called Ascospores (Gir, asbos, a bag; spora, a seed) or Endo-
conidia (Gr. endon, within; bonis, dust),

Fiz. 6. Showing
As'cospores set free by rupture of the cell-wall of parent, and multiplying by gemmation,
Fia. 7. LEffect of—
Magenta—=Stains protoplasm, leaving cell-wall comparatively unstained.
Crushing—Ruptures the cell-wall, and shows that the cell-wall is tough amd resisting, while the
protoplasm is semi-Huid.
Potash (K HO)—Dissolves out the protoplasm.
Todine—Stains protoplasm,
Fig. 8. Measurement by eyepiece micrometer,

Fiz. 1. Showing—

Diagrau I. Pavsiorocy—
a. Shows the composition of a flnid fit to nourish yeast (Pastenr's flnid).
Elements which make cell-wall {C.0.H.).
Elements which make protoplasm (C.0.H.X.).
Elements which make ash (P.S. K. Mg.Ca.).
h. Shows the composition of the fluid when acted upon by yeast. Process of fermentation
{ ferveo, T boil).
Carbonic acid (CO,).
Sugar becomes { Aleohol,
Small gqnantities of suceinic acid and glyeerine.
About two per eent. of sugar is unaccounted for,
Ammonium tartrate, ete., used up by the yeast.
s Manufacture of alechol and earbonie acid.
b { Manufacture of cell-wall and protoplasm.

CLASSIFICATION OF YEAST.

Kingdom—DPlantwe, because it possesses a cell-wall made of cellulose, and can manufacture
protoplasm.
Sub-Kingdom—Thallophyta, becanse it possesses neither root, stem, nor leaf,
Class—Protophyta, because it has no sexual process of multiplication (Gr. profos, first; phidon,
plant).
A
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Group—Fungi, becanse it possesses no green colouring matter.

Order—Saccharomycetes (Gr. sakeliaron, sugar ; mukés, a fungus), because it requires a saccharine
liquid for nourishment.

Fenis—Saceharomyees,

Cammon Name—Yeast or Torula.

+

BACTERIA.

Micrococor—Spherical (Gr. mikros, small ; Folifos, a berry), seen singly and together,
Bacteria—Cylindrical (Gr. bakferion, a staff).

daciL'Li—Filiform and straight (L. bacillum, a little stafl').
VierioNes—Filiform and curved (L. vifvo, I quiver).

. SririL Lun—>Spirally twisted,

Note the threads of protoplasm at each end, cilia (L. eiffum, an eyelash).
Tue Zoocroga—Motionless Bacteria, embedded in gelatinous material (Gr. zoom, an animal ; glia,
olue).

CLASSIFICATION OF BACTERIA.

Kingdom—DTlantwe,

Sul-Kingdom—Thallophyta.

Class—DProtophyta.

trronp—Fungi,

Order—Schizomyeetes (Gr. sehisiz, a splitting), because they multiply by splitting.
Genera—Microcoecus, Bacterium, cte,
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FLATE 1L

COMMON BROWN MOULD.

. Tue Mucor Prast rropuced FROM o Coxipium.  Showing—

Branched hypha.

Erect hypha (Gr. hypheé, a weaving) terminating in a minute enlargement—the sporanginm.
Showing—

End of ercet hypha

Columella (L. a little columun),

Terminal cell, conidia-case, or R|:M:|rua1gium {Gr_ spord, a seed ; angedon, a vessel),

Wall of sporanginm with crystals of oxalate of lime, which are not shown.

Spores or endo-conidia (Gr. emfon, within ; bonds, dust).
Showing—

Burst conidia-case or sporanginm.

Collar, the remains of the wall of sporangium,

Endo-conidia or apores,
Showing—

The eonidinm germinating and producing a branched hypha, which ultimately develops into the

form shown in fig. 1.

Showing—
Portion of branched hypha with protoplasm removed.
No septa.
Showing
Portion of old submerged hypha, breaking up into distinet joints—the Chlamydospores (Gr.
chilamys, a coat ; spora, a seed) or Mucor-torule, each containing a vacuole,
Note.—Vacuolated protoplasm and septom.
Tue Sexvar Process—

£l lj' kil-'.. -.I.‘“l.ﬂ lIiElLit“Jtl I'lr(:lcf"ﬂ.““ﬁ gi'\."[!'ﬂ 1P"\I F[I:l]'l'l t.]ll! h:l"l-"h*"-"

. Terminal cell separated off from each process,

d. Union of the two terminal cells to form a zygospore (Gr. sugos, a yoke ; spora, a seed).  Since
the uniting elements closely resemble one another the process is called conjugation.

Diagray oF THE Pro-Eupryo of Mucor rrovucep FroM A Zycogrore. Showing—

Aygospore,

Unbranched hypha,

Erect hypha.

Conidin-case or sporangiom, containing conidia, each of which can produce the Muecor plant
(fig. 1).

CLASSIFICATION OF MUCOR.

Kiwgidom—DPlantae.

Sub-Kingdom—Thallophyta,

Class—ZLygospores, marked by its sexual process, viz. eonjugation,
Growp—Fungi.

Oler—Zyzomycetes,

frenus—Mucor,

Common Neane—DBrown Mould.



COMMON GREEN MOULD.

Fig. 1. Showing—
Dichotomonsly branched hypha (Gr. dichofomia, a division into two parts) subdivided by septa.
Granular vacuolated protoplasm in the cells,
Aerial hypha, branching at its ends like a brush or peneil, hence the name Penicillium,
The terminal branches, corresponding to the hairs of the brush, breaking up into stylo-conidia
{Gr. sfulos, a stalle ; Foniz, dust).
Fio, 2. Tae Coxipia.  Showing—
Size—g inch in diameter.
Forin—8Spherical,

Wall.
Sﬂ'ﬂ{'."ﬂ?'&——{ FProtoplasm,
Vacuole,
Grarminadion—
o & b Eminence formed at one point of the conidinm.
c. Eminences formed at two points.
o, £, & f. Elongation and subdivision of the eminences by septa.
Note, —The ultimate result of the prowth of the conidinm is to produce o Penicillinm like that in fiz, 1.
Fig. 3. Shu“'[ng the Sexvarn Procezs—
This has quite recently been made out, and ocewrs under peculiar eonditions, as yet attained
only by artificial means, The male element or antheridium (Gr. anthos, a flower; eidos, form)
i& a short branch of a IJ_].'pIL:lJ the female element or carpogonium [{':ir, corpas, frait ; gong, aeed}
also a short branch coiled like a eork-sevew, These two clements come together and exercize on
one another some reciprocal influenee, A sexual process of this kind, where the conjugeling
elemenis ave different, ia called Ferfilization.  As the result of fertilization a frit or sporecarp
is produced, like a little pin-head. That fruit consists of an outer mass of sterile hyphe
enclosing a mass of fertile hyphae. These fertile hypha are developed from the female element.
Figc. 4. Sectiox oF Srorocanr (Gr. spora, a seed ; earpos, fruit) or Froir—
Sterile tissue,
Fertile tissue in centre {nﬂ.l}.
Fig, 5. Portmiox or FErTiLE Ti850E REMOVED FROM Sronocane.  Showing—
. Azci or cells containing spores (Gr. asbos, a bag).
I An ascospore removed from an aseus,
Fic. 6. Showing GERMINATION oF ASCOSPORE,

CLASSIFICATION OF PENICILLIUM.

Kingdom—Dlanta,

.5':4Fﬁ}{a’ﬂ{,r.'.fmn—'l'halIﬁlrh_}'h'l.

Cless—Carpozporen, beeause it possesses a sporocarp,
Group—Fung.

Order-= Ascomycetes, hecanse of the asei,
Genwe—Penicillium (L. pesicilfun, a painier's brush},
Commone Name—Green Mould,
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PLATE III.

PROTOCOCCUS.

PROTOCOCCUS VULGARIS, the green scum on the bark of trees (Gr. profos, first ; koklkos, a berry).
Fiz. 1. Showing—

Cell-wall or sae.
A Crri {I’mlﬂp]:mm containing green, sometimes red, chlorophyll (Gr. eliforos, green ; phiyllon, a
leaf},
Fia. 2. Errecr or—
¢. Todine—DProtoplasm stained and nucleus brought out,
b. Todine and sulphuric acid—The eell-wall becomes blue and the protoplasm coagulates. The
sulphuric acid converts celluloze into starch, and the iodine with starch forms the blue iodide
of starch, .
e. Crushing causes rupture, and shows that the cell-wall is tough and resisting, while the proto-
plasmic contents arve semi-Auid.
d. Potash (KHO) dissolves out the protoplasmic contents.
Fig. 3. Showing MurrirLication By Division—
. Division into two.
b Division into four.
This process is the same as that which goes on at the growing point in the higher plants
{See Chara, fir. 4.)
Fia. 4. Showing Murrirsicarion By Expocexovs Division axp Propucrion oF Morine Foryus—
a. The protoplasm has gathered itself up into a number of round masses, each of which is a
zoospore or zoogonidium (Gr. zoos, alive ; ging, seed),
I A zoogpore that has eseaped from the parent ecll. It consists of a naked mass of protoplasmm,
with two long vibratile protoplasmic threads or cilia by which it moves about.

PROTOCOCCUS PLUVIALIS, found in water-butts (L. pluvia, rain).
Cell-wall.
Fra. 1. Lestivg Foru < Protoplasm.
] Chlorophyll grains,

Fia. 2. PrEFARATION FoR DIvisionN.
Fia. 3. Showing Resvrt or Divisios.
Fiaz. 4. Motine Forus— ZoosroRes on ZooGoNIDIA—

a, The protoplasm has drawn itself away from the cell-wall at all but two points. At these
points two vibratile eilia protrade through the ecll-wall.
b A naked zoospore.
Fig. 5, Eremosrnera ViRIDis, a close ally of Protococcus, containing starch granules—
. Unstained,
. Btained with iodine to bring out the starch granules.

No starch is found in the Protococcus itself, probably because it uses up the starch as fast
as it is manufactured.

DiaxGray oF PRYSIOLOGY —
« & I Show that in the dark no oxygen is evolved from carbonic acid (CO,).
a & ¢, Show that in the light the carbonic acid is absorbed and oxygen gas given off.
This process, wiz. the absorption of CO,; and evolufion of O, is called Asemilafion,
Respiration is quite a different process; it consists in the absorption of O and the evolution of
CO..  In the green plant these two processes go on together.



[

CLASSIFICATION OF PROTOCOCCUS.

Kingdom—TFlante, becanse it possesses a cellulose wall, abzorbs CO. and evolves O,
J-S'r-eFh.ﬁ.'fn:.r:!nm—'l"im]]nphj‘ta,
trroup—Alge, beeanse it has ehlorophyll.

CHARA.

Nodes (L. nodus, a knot),
{ [nternodes {L. inler, lIH."l.“'L'EII:I.
Leaves arranged in whorls.
Branches,
Nodes,
Braxen . . < Internodes
* Appendages,
e Bl‘-lh{ E'\I'ndvalwltlu their leaves,
Short internodes,
F1g. 1 (&). Showing the Conrioar. LAYVER INVERTING THE INTERNODAL CELL (L. corfer, bark).
Fio. 2. TraxsVERSE SrcTiox o INTERNODE. Showing—
Cortex,
Wall of internodal eell.
Protoplasm lining the wall, the so-called primordial ntriele (L. primordius, original ; wtiiculus,
a little bag).
Chlorophyll granules arranged so as to leave an uncoloured portion, the nentral line.
Inner layer of protoplasm—the moving layer.
Vacuole, filled with cell-zsap.
Fi:. 3. Showing the Nopr—
A F.ll'['r:“!l!: of {'.L!”E'i one ].:I._'_l.'[!'[' Lhi.l:]{.
Fia. 4. Toe Termivan Bup pissecTED To LAY BARE THE GrowiNe Pomwt.  Showing—
The hemispherical apical cell, It grows in length and multiplies by division transverse to the axis.
The internodal cell (blue). It elongates, but does not divide at all,
The nodal cell (uncoloured), It does not elongate, but divides parallel 1o the axis, so as to form
a transverse partition of cells,
Nodal cell originating a young leaf,
Nodal cell originating the cortex,
Fia. 5. Portiox or LEar. Showing—
The uncoversd apical or terminal cell.
Nodal cell,
Coitas { ]',lem_'irmliing lobes,
Azcending lobes,
Fia. 6. MoveMexTs oF THE PrROTOrLASM—
The arrows represent the direction of the currents of protoplasm.
The uneoloured bands are the neutral lines {54:1’: ﬁ:._;‘. ‘.’}.

Fia. 1 (). Showing—

Axis

APPENDAGES {

Diagram I Bhowing Formarioy or CoRTEX.
The peripheral cells of the node (shown in fig. 3) send pockets upwards and downwards to

form the ascending and [Iu.w;um,ljng cortical lobes,
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PLATE 1V.

GHARA"“‘{W&H naed,

Fic. 1. Porriox or LEar. Showing
Antheridium, male organ, or globule.
Carpogonium, female organ, nueule, speranginm, or spore-fruit {Gr. spora, a seed ; awgeion, a

vessel ).
Fra, 3. Tioe ANTHERIDIUM MSSECTED.  Showing—
a. Shield,
Manu'brium {L. a handle).
Japitulum (L. a little head) (hlue).
Secondary capitula (blue). Not named on drawing,
Filaments,
& Portion of filament, with a spermatozoid in each of its cells.
e A liberated spermatozoid, with two long cilia.
Fie. 3. Tue Carrocosiva or Nuovne—
Central eell.
Twisted filaments, quite different from the filaments of the antheridinm.
The one-celled corona in Chara, and the two-celled corona in Nitella.
Fie. 4. DEVELOPMEST oF THE CARFOGONIUM o Srore-FrUIT. Sectional view,
Fic. 5 and Discran I Showing DEVELOPMENT oF THE SBroRg, enclosed in sporocarp—
Procmbryo,
Pseudo-whorl of leaves, with the Chara in its axil.

CLASSIFICATION OF CHARACEA.

Kingdom—Plantx,

Sub-Kingdom—Thallophyta (exceptional in having axis and appendages).
Class—Carposporee, becanse it has a spore fruit.

Group—Alge,

Order—Characese,

Feneru—~Chara and Nitella.

THE BRACKEN FERN.

Fio. 1. Showing
Budimentary leaf.

Young leafl

Cut leaf.

Ol leaf.

Undergronnd stem or rhizome (Gr. #hiza, a voot ; omes, the same as) with its growing poiut.

Toots,

Leaves



Fig. 2. LateraL Lixes oF Rumizome *
Fie. 3. Showing—
Itachis (Gr. rachis, a spine, ridge).
¢, ParT oF LEAF ok FRoXDp . . . . < Pinna (L. a feather).
Pinnule (L. pénnada, a little feathor)
3 Two PINNCLES VIEWED FROM m:mw{ {mlusium (L. dilerere, to clothe) covering spore-cases,
Sorus (Gr. soros, a heap), a cluster of spore.cases.
Fia. 4. Showing Forkep Vexarion axp INpusivan
Fig. 5. Brore-case ok Broraxcivym,  Showing—
Stalk,
Case.
Annulus (L. a ring).  In ¢, 2 small part below the spores is inadvertently uneoloured.
Spores,
Brore.  Showing—
Fxozporinm (Gr. exeo, outside ; spora, a seed).
Endosporium (Ge, endon, within; spees, a seed),
l’ﬂ.rhrpl:i&m wilh ujingh:hu]m
Nueleus.
Fic. 7. DevELoruest oF Srork. Showing—
. Endosporium protraded.
b Dhivided to form a young prothallus, with reof-hairs,
¢, Old prothallus with root-hairs, male organs or antheridia, and female organs or archegonia
(Gr. archos, ehiel; génd, seed),
Frc. 8. ProTHALLUS UNDER HIGH POWER. Showing—
“Cell-wall.
Protoplasm.,
L'-]Jlulupnl:l]rll ;;r:mulr_-s.
Large vacuoles filled with cell-sap,

Fic. G

LB i e e e [ o
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PLATE V.

FE RN —continued.

Fic. 1. Tue ANTHERIDIUM AND ANTHEROZOIDS OF THE Rovar Fer¥ (Osmunda Regalis), under surface of
prothallus {green).
Fic. 2. Tae ArcaecoNiuvy wiTh 178 CENTRAL CELL OR (FERM-CELL.
Fia. 3. DivistoN oF CERTRAL CrLL 1m0 Four 15 THE BrRACKES.
Fic. 4. CoxxectioN oF YouNe Brackew FERN wiTH 178 PROTHALLUS BY MEANS oF THE Foot,
Fias. 5, 6. Traxsversg aNp LoNGiTuDINAL SecTioNs oF THE Ruizome. Showing—
Se.q. Outer scleren’'chyma (Gr. skferos, hard ; enchuma, tissue).
. I. Ground tissue or paren‘chyma (Gr. para, together ; enchuma, tissue),
F.-V. B. Fibro-vaseular bundles—outer,
He.o. Inner sclerenchyma.
. T. Ground tissue.
F.-V. 8. Fibro-vasenlar bundles—inner.
Fic. 7. TRANSVERSE aAND LoNGITUDINAL SEcTioNs oF Ruizome.  Showing—
Epidermis, sub-epidermis, and parenchyma leaded with starch granules,
Fibro-vascular bundle with sealariform and spiral vessels,
Parenchyma with starch.
Sclerenchyma very thick walled (Gr. skieros, hard).
Fra. 8. Portion oF Fisro-vascunar BuxprLe.  Showing—
Cells of fibro-vascular bundle sheath.
Cells of bast sheath with starch granules.
Bast fibres or hard bast,
Bast ok Py - Bast vessels. P
l Bast parenchyma or procambium, | Soft bast.
J Sealariform vessels.
Woop or XYLEM < Spiral vessels.
Wood parenchyma.
Nofe.—In the complete bundle the bast forms a ring surrounding the wood.
Fig. 9. Part oF ax OBLIQUE SECTION oF A LEAP-sTALE. Showing the scalariform vessels (L. erala, a ladder)
of the bundle.

CLASSIFICATION OF FERN.

Kingdom—Dlantx,

Sub-Kingdom—Vascalar Cryptogams (Gr. Fruplos, hidden; gomes, a mariage).  Vascular,
becanse they possess fibro-vasenlar bundles; eryptogams, because the sexual organs are
hidden on an inconspicuous prothallus.

Class—Filicinme,

Order—TFilices. .

Genws—teris (Gr. pfevon, a wing).

Species—Aquilina (L. agquile, an eagle).

Commnion Nane—DBracken Fern.
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PLATE VI

THE FLOWERING PLANT

DIJ":G'RA M I Bhowi ng—

STEM { Nodes, bearing leaves (L. wodus, o knot).

Internodes, bearing no leaves (L. fufer, between ; nodus, a knot).
Leaf.
ArrENDAGES 0oF STEM < DBud, a shortened stem with erowded leaves,
! Branch, an expanded bud.
{ Axillary, in the angle between the leaf and stem (L. awilla, the armpit).
Terminal.
Fic. 1 {a). Tue Horse Cuestyur. Showing—
Internodes.
Nodes with leaf-scars.
Two axillary buds,
Terminal .
Frc. 1 (). Tue Same.  Showing the scars left by the falling off of the bud-scales. These scars mark the
commencement of a year’s growth,
Fic. 2. BuLs or Ox1ox.  Showing—
Stem, short,
Leaves, erowded, and stored with nutriment,
Buds (1) terminal and (2) axillary.
Roots, fibrous,
The peculiarity of the Onion is this: it remains permanently in the bud condition. A
permanent bud of that kind is called a bulb.
Fic. 3. Bhowing Kixps oF LEaves—
Heale leaves,
Foliage leaves—the green leaves which manufacture starch (L. fofitsi, the leaf).
Bracts—leaves near Howers (L. braetes, a thin plate).
Floral leaves (L. flos, a flower). (Hed.)
Fras. 4, 5. ExanrLes or LEavEs—
Pinnate leaf, with elongated midrib (Pea).
Palmate leaf, with extremely short midrib (Horse Chestnut).
Compound leaf. The incisions extending into the midrib, and subdividing one leaf into a number
of leaflets,
Stipules—appendages originating from the base of leaf-stalk, not from the stem.
Fic. 6. Showing FoLiace LEaves united or connate (L. eon, together ; watus, born).
Fia. 7. Frower oF Pra. Bhowing—
Sepal leaves united below (gamosepalous calyx).
Petal leaves of unequal size (irregular corolla indicated in formula by "i':,'l.
Fic. 8. Bhowing GENERAL STRUCTURE OF THE FLOWER—
Calyx (Gr, Lalye, a cup),
Corolla (L. coroffa, a little crown).
Stamens or Andreecium
(Gr. aner, male; oikos,
house) (male organs)
Pistil or Gyneeciom (Gr. | Ovary containing ovules,
gune, female; oikos, - Style,
house (female organs) l Stigma (Gr, stigaeea, a brand),
Fiz. 9. Prax or Pea Frower, Showing—
Calyx = five sepal leaves united,
Corolla=five petal leaves separate.
Aundrecium=ten stamtn leaves, nine united and one free.
Gynecinm=one carpel leaf,

PosiTiox oF Buns

I. Filament (L. filem, a thread).
j Anther containing pollen-grains,

Formula ¥ Ca. (5), Co. 5, An. (9) + 1 Gn, 1.
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THE FLOWERING PLANT.

DIAGRAM I. SBhowing—
Recerracre or Tharamvs 1o wHicH THE FLoRaL LEAVES ARE ATTACHED.
Calyx, hypogynons or inferior (Gr. hupo, under; gune, the female
organ).
Corolla, hypogynous or inferior,
Stamens, hypogynouns,
Ovary, superior or free, containing an erect ovule,

Ixsertions oF FLoRaL
Leaves .

DIAGRAM II. Showing—

Style.

Ovary, containing one ovule,

Iurrpaxation oF OVULE Pollen-grains attached to stigma and throwing out pollen-tubes,
which make their way down the style, enter the micropyle of
the ovule, and fertilize the germ-cell in the embryo-sac,

Stigma, for receiving pollen.
Prarin o GyseEcium .

DIAGRAM IIL Showing—

Secundine or inner coat (L. sceundus, second).
Nucleus, with a giant cell—the embryo-sac.
{Wa]l of sac.

Primine or outer coat (L. prinus, first), formed after inner coat,
OvULE. {

Embryo.
Endosperm,
Fie. 1. Showing the Rire Pistin or Pea—
Pertcarr—Ripe wall of ovary, dry and splitting into two valves.
Seep— Ripe ovule, 4
Fio. 2. Showing SEEDs—

EuBrRYo-SAC FERTILIZED

Testa or seed-skins (L. fesfa, a shell).
Endosperm, the so-called albumen (Gr. endon, within; aperma, a seed ),
Embryo, with two cotyle’dons, or seed-leaves.
2, ALmoxp Toein.
(Exalbuminons Seed) Endosperm absorbed into embryo.
: {l'll.ﬂh!'}'ﬂ, with two eotyle'dons,
3. Pea (Exalbuminous Seed),
Testa.
Endozperm absorbed,
Embryo, with two cotyledons.
Cotyledons,
Emeryo . . . . . ., < Plumule.
t Radicle,
Fua. 3. ;‘5.3{'['“:.-:1{ of TuLip, showing fibro-vascular bundle in centre corresponding to the midrib of the leaf,
Right anther-lobe with two pollen-sacs, Left anther-lobs with two pollen-sacs,
DIAGRAM IV. Formation or PoLLEN-crAINs By Expockxous DIVISIox,
Fic. 4. Youna Beaw Pranr, showing—
{ Tap-root,

1. Nux Vomica
{Albuminousz Seed)

4 and 5. Deax
(Exalbuminous Seed) {

Axis - Y. :
| Stem with terminal bud.
Rootlets,
APPENDAGES 2 Cotyledons,

[ Ftilliﬂ;.:l: leaves,
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PLATE VIIL

HISTOLOGY OF FLOWERING PLANT.

STEM—
Diag. 1. Trawsverse Sgcrion of a one-year-old stem of Horse Chestnut—

Pith or medulla in eentre.

Fibro-vascular bundles arranged in a ring round the pith—
Wood or xylem, including medullary sheath.
Cambium, a soft cellular layer.
Bast or phleem outside the cambium.

Cortex, connected with the pith by the medullary rays.

Epidermis.

HNote.—The part of the stem outside the soft cambivi is readily removable, and is the separalle bark,

Fic. 1. Transverse Section of same stem under the microscope—
Pith, consisting of parenchyma cells.
Fibro-vaseular bundle—
Wood or xylem—
Vessels, large openings.
Wood-cells between the vessels,
Cambium, small thin-walled cells,
Bast or phlem—
Soft portion, made up of thin-walled cells.
Hard portion, or liber layer, made up of round thick-walled cells, the central cavity
being almost obliterated.
Medullary rays, brick-shaped cells between the fibro-vaseular bundles,
Cortex, angular cells, parenchyma,
Epidermis, a single layer of squarish cells.
Fic. 2. Loxe., Secrion of the Horse Chestnut stem—
Pith-cells.
Fibro-vascular bundle—
Wood—
Spiral vessels of medullary sheath, elongated tubes with spirally thickened walls.
Annuolar vessels, elongated tubes with ringlike thickenings.
Dotted ducts, elongated tubes thickened so as to leave thin places, the dots.
‘Wood-cells, elongated, and when older with thick walls, and then ealled woody
fibres or wood prosenchyma,
Cambinm, thin-walled cells.
Bast—
Soft bast, elongated thin-walled cells.
Hard bast, thick-walled and elongated cells forming the floxible bast fibres.
Cortex, parenchymatous cells,
Epidermis, a single layer of cells.
Fias. 3, 4. Secrioxs of stem of Butcher's Broom magnified-—
Differences from Horse Chestunt stem—
I-‘“«"I"I;'V?SEIIIN bundles are not arranged in a ring round pith, but scattered irregu-
arly.
No cambium and therefore no provision for inerease after first year.
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Roor—
Fia. 5. Loxe. Secriox of root of Bean plant—

Central fibro-vasenlar bundle, surrounded by cortieal pareneliyma
and epidermis,

0 T T e S i 1 Epidermis, one layer thick ; at tip of root split into several layers
forming the root-cap or pileorhiza (L. pilens, a cap ; Gr. rlifz,
L aroot).
Appendages of the root developed endogenously (Gr, endon, within ;
LooTrETs { gevinae, T produce), and repeating the structure of the main
root.

Lear—
Fig. 6. The StaLk or Perione of Horse Chestnut leaf—
Repeals the characters of the one-year-old stem.
Fig. 7. The Lear Brape or Lamixa of the Cherry Lanrel—
Upper epidermis, colourless, a single layer, with the outer walls
thickened forming euticle.
Lower epidermis, like upper epidermis, but stomata more
abundant.
GROUND ok CORTICAL Palizade tissue,
ParEncoyMa , { Loose tissne with less chlorophyll.
Fibro-vaseular bundles, forming veins.
Fic. 8. Erivermis of Hyacisra—
Stoma, the opening (Gr. sfoia, a mouth),
Guard-cells (red), two surrounding each stoma,

ErIDERMIS

CLASSIFICATION OF PEA OR BEAN PLANT.

Sub-Kingdom—Fhanerogamia, becanse the sexual organs are conspicuous (Gr. phaneros, visible ;
gamos, sexual nnion),

Clazs—Dicotyledon—
The young plant has two cotyledons (P, VII, hig, 4).
The fibro-vaseular bundles form a ring round the pith (P VIIL diag.).
Leaf has reticulated venation.
Flower leaves arranged in fives (PL. V1. fig. 9).

Order— Leguminosse, distinguished by the arrangement of the corolla leaves, and the fruit a pod
or legume.

Genera—TPisum (pea), Vieia (bean).
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PLATE IX.

PROTEUS ANIMALCULE.

STRUCTURE—
Fie. 1. Ectosarc or outer transparent border (Gr. elfos, outside ; sarr, flesh).

Endozare or inner granular portion (Gr. endon, within}.

Contractile vesicle or vacuole, a cavity filled with a clear fuid,

Nucleus or endoplast, a roundish solid granular portion of protoplasm.

Pseudopodia (Gr. pseudos, false ; pous, podos, a foot), processes of the body constantly changing,

MovEMENTS—
Fiz, 2. Changes of form constanily taking place, hence the name of Proleus Animalculs,

Food-particles,

MULTIPLICATION —
Fia. 3, a. Stationary form surrounded by a stroctureless case or cyst

. Meobile form escaped from cyst,
e, Process of fission taking place,
o, Original amaba divided into two.

CLassiFIcATION—Structural relations with other animals,

Kingdom—Animalia, because it depends on pre-formed protoplasm and does not possess a
eellulose cell-wall,

Sub-Kingdom—DProtozoa (Gr. prefos, first ; zoow, an animal), becanse it is not differentiated into
cells,

Natural Qrder—Protoplasta (Gr. plasfos, moulded), becanse it possesses a nucleus and contractile
vesicle,

(fenus—Amaeba (Gr. amoibe, change),

Commeon Name—Proteus Animaleule,

—rin

COLOURLESS CORPUSCLES OF HUMAN

BLOOD.

Fie, 4, o Structure—granular with spherical or irregular ontline.

b, Wuelens bronght out with dilute acetic acid,
<. Ameboid movements taking place sluggishly.
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BELL ANIMALCULE.
STRUCTURE—

Fig. 1. Bell-shaped body with slender stalk for attachment.
f Cuticle, & Yery thin lu}'cr of |me|.rp]us||| investing the 'EJI:H:IJ.’.
Dize, covering the month of bell and fringed with cilia,
Peristome (Gr. perd, avound ; sfome, o mouth), the ciliated rim separated from the edge
of the disc by a groove,
Vestibulum (L. an entrance), a depression in the groove where food enters by a
Tt :.-‘ permanent month. The undigested matter passes out by a temporary anus (L. a
\ vent).
(Eso’phagns or gullet, leading from vestibule into the soft body-substance.
Food-vacuoles, food-particles enveloped in water and dropped off from the end of the
gullet.
Contractile vesicle,
| Curved nuclens.
Sheath, a continuation of the cuticle,
| Axis, the central muscular fibre.
Diagrad oF THE PArasecioMm o SLIPPER ANIMALCULE, A FREEswiMMinG INFUsORIAN —
Cuticle and eilia,
Cortical layer with two contractile vesicles,
Body-substance like soft-Toiled sago.
Funnel-shaped mouth opening by a short gullet into body-substance,
Anus, merely a lemporary opening.
MovEMENTS—
Fiiz. 2. The spirally-coiled stalk, the retracted dise, and the ewrved-in peristome.
Fies. 5, 4. Encysted forms—stalked and unstalked.
MuLTIPLICATION —
Fie. 5 Lomgitudinal fission; a bell divides lengthways into twe, and the detached portion finally
becomes like the n-rigin:ll.

STALK

REPRODUCTION—

Fic. 6. A frec-swimming bell fuses with a stalked form, producing a single individual; this iz the
soecalled process of conjugation.  The attached bell was formerly taken for a bud.  (Pos-
terior cilia not shown.)

CLASSIFICATION —

Seede Kinrgpelomn—Trotozoa,

Notural Order—Infusoria, because it possesses an ouber layer (ectosarc) provided with eilia and
contractile vesicle or vesicles, and an inner substance (endosarc) with nucleus, and usaally
with a mouth leading into it and an anus leading out. They occur in infusions, hence
the name.

(Fenus—Vortivella, so named from the vortex cavsed by the moving cilin.

Common Name—DBell Animaleule.
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PLATE X.

FRESH-WATER POLYPE.

GENERAL CHARACTERS—
Fias, 1, 2. Foot or hydrorhiza (Gr. vhiza, root) attached to some floating body.

Mouth at free end.
Tentacles or feclevs (L. fenfare, to feel) surrounding the mouth.

Testis, the male organ.

Owary, the female organ.
Multiplieation by budding or gemmation (fig. 2).

GENERAL STRUCTURE—

Diac. 1. Eetoderm (Gr. chifos, outside ; Jderma, skin} {red).

Fndoderm (Gr. endon, within). -

Body-cavity, serving also as a digestive cavity, and eontinued into the tentacles.
Mixvre Strucrvre or Hisrovrocy—

Tie. 3. Eetoderm-cells with econtractile prolongations—neuro-musenlar cell-layer.

Nuelei and nematoeysts in the cells.

Fig. 4. Endoderm-cell with cilium on its inner surface.

Figs, 5, 6. Thread-cells or nematoeysts (Gr. mema, thread ; kusfos, a bag), consisting of capsule,

filament, and three recurved spines at base of thread,
REPRODUCTION OR SEXUAL PRocEss—

Fre. 7, . Spermatozoon (Gr. sperma, geed ; zoon, an animal) with oval head and vibratile eilium.

b. Ripe cvam, consisting of vitellus or yolk, germinal vesicle or nucleus, and germinal spot or

nucleolns,

. Impregnated ovum divided into a number of cells, swrrounded by a eapsule—burst to show

the contents.
MurTirLicaTioN or AseExvan Process——
P'rocess of gemmation shown in fig, 2.
DeveLoPMENT oF HyDpROZOA—

Diac. 2. The impregnated oruwm by division becomes a mulberry-like mass or wmorwla, the morula
becormnes hollow by the acenmulation of fluid in its interior, forming a planula, and the
planula by gradual thinning opens at ome end becoming the so-called gastrula, which
passes into the mature form.

Node.—In the Hydra itself there is mo proper planula stage, as the two-layered form vepresented in e has no eilia

CLASSIFICATION —

Sl Kingdaom—Ceoelenterata (Gr. bodos, hollow; enferon, an intestine), beeause it is composed
of two cell-layers—ectoderm and endoderm—and has no ecavity separate from the body-
cavity.

Natwral Orvder—Hydrozoa, becanse a digestive sac is not marked off from the body-cavily and
the reproductive organs are external.

Genns—Hydra,

Conrmon. Name—TFresh-water Polype (Gr. polus, many; pous, a foot).

weproductive organs {

L=

THE EARTH-WORM.

EXTER¥AL CHARACTERS—
Fig. 1. The segmented body with a mouth at one end, an anus at the other, and a swollen portion ealled
the cingulum (L. a girdle) or elitellum (L. clitelle, a saddle).

Fie. 2. Mouth situated on the 2nd segment.
External and internal pair of setee (L. sefa, bristle).
Openings of segmental organs, one on each side of all the segments exeept the two first,
Openings of spermathe’c or receptacles of the spermatozoa (Gr. sperien, seed ; flieke, a repository).
Openings of vasa deferentia (L. excretory duets) on ventral face of 15th segment.
Openings of oviduet on ventral face of 14th segment.
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PLATE XL

THE E.&.RTH'WORM“—mrua'nzmi

DisposiTion oF INTERNAL QRGANS—

Fig. 1 and Diacraym—
¢ Mouth.

Cut end of musenlar pharynx.
; I Gullet,
ALIMENTARY System, . . ¢ Crop, a dilated portion of gullet.
Gizzard, whitish, thick, and muscular.
Intestine leading straight to anus, and covered with a brownish
\ mass supposed to be the liver.
{ Colourless corpuscles in perivisceral eavity—two shown.
Psend-haemal vessels contractile, and therefore circulatory—
Bupm-inll;'ﬁtillﬂl vesse] {I.. sijree, a}mvc}.
Sunb-intestinal vessel (L. suf, under).
Sub-neural vessel.
Broop SysTeM—CIRCULATORY | Commissural vessels connecting supra-intestinal and sub-
axp RespiraToRy 1 intestinal vessels,
Dilated commissural vessels in the region of the reprodue-
tive organs, the so-called hearts
Coloured fluid without corpuseles contained in psend-haemal
vessels acts as an oxygen-carrier, and is therefore respira-
\ tory in funection.
Rexan System . . ., . Segmental organs in pairs in each segment,
j Cerebral or proeoral ganglin connected by commissural cords

embracing the pharynx with the
Sub-msophageal or post-oral ganglia which form the anterior
extremity of a
Chain of ganglia extending to end of body.
{ Ovaries and oviducts.
| Testes and vasa deferentia shown in fig. 2.
Fies. 2, 3, 4. Rewan axp REpropuvcTIvE SYSTEMS—
Segmental organs with internal eiliated opening and external pore (fig. 3).
{ Anterior pair of spermathec.
| Posterior pair of spermatheca.
{ Anterior pair of bilobed testes,
Posterior pair of testes,
{ Anterior reservoir of testes with duct.
Posterior reservoir of testes with duct.
Common vasa deferentia.
Capsulo-genous glands for secreting egg-capsules.
Uvaries.
Oviduets with wide ciliated internal opening and external opening (fig. 4).
6. 3. Ovary with ova. When laid the eggs are enclosed in elusters within a chitinous case, each egg
consisting of—Vitelline membrane.
Vitelluz
Lierminal vesicle,
Germinal spot.
Spermatozoa from Spermatheca.
CLASSIFICATION —
Sub-Kingdom—Annelida (L. annulis, a ring), because the body is segmented ; without jointed
limbs ; nervous system forms a ring round gullet, followed by a ventral chain of ganglia.

Natural Order—Oligochee'ta (Gr. oligos, few ; chaite, hair), becanse the bristles are in rows, not
tufted.

fenns—Lumbricus,
Clasemeon Neeme—Earth-worm,

NERVOUS SYSTEM .

REFRODUCTIVE BYSTEM
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PLATE XIIL

LOBSTER AND CRAYFISH.

ExTERNAL CHARACTERS —
Fic. 1. ENTIRE SPECIMEN—

Ce'phalo-thorax (Gr. kephale, head ; thorar, a breast-

plate) covered by Carapace Frontal spine or rostrum (L. the beak}, a

prolongation in fromt.
Abdo'men—six segments and a backward prolongation, the telson (Gr. a limit).
J’ﬂalﬂmlic,
APPENDAGES Thoracie, including great claws or chelie and ambulatory limbs,
L’Lbdumin:tl, ineluding the swimmerets,
Fra. 2. THiRp ABDOMINAL SOMITE—
Tergum (L. the back) or dorsal portion.
Bopy-SecMENT < Plewron (Gr, a side),
{ Sternum (Gr. sternon, the breast) or ventral portion.
Proto'podite or basal portion (red).
ArpENDAGES < Exo'podite or outer terminal portion (blue).
Endo’podite or inner terminal portion (yellow).
Fra. 3. SixtH AppoMiNaL So'Mite axp TeELsoN @ a. Lobster, 6. Crayfish—
Exopodite divided transversely into two pieces,
Telson divided transversely in Crayfish, undivided in Lobster.
Fiaz, 4, 5. Arpenpaces oF FIrsT AND SECOND ABDOMINAL SOMITES IN THE MaLE—
Fia, 4. Endopodite, bearing a small inner process,
Fra, 5. Exopodite gone,
Endopodites grooved inwardly, so that the two scooped portions brought together form a
kind of channel.
Fro. . APPENDAGES IN ORDER—
Ophthalmites or eye-stalks (Gr. ophthalmos, the eye).
Anten'nules with opening of anditory sac.
Anten'nie or feelers with opening of green gland.
Mandibles (L. nwands, I chew).
Maxille, firat pair.
Maxille, second pair with boat-shaped scaphognathite (Gr. skaphe, a boat ;
guatthos, a jaw) for baling out and drawing in water (blue and green).

{Uﬂrvi‘ml suture between head and thormx.

ot

Heap—six pair |

o L e

¢ Magxillipedes or foot-jaws—

First pair, epipodite (green) without a gill.

Hecond pair, epipodite gill-bearing.

Third pair, epipodite gill-bearing.
Chelie or pincers (Gr. chele, a claw), epipodite gill-bearing (fig. 1).
10, Ambulatory limb (L. ambulare, to walk), epipodite gill-bearing,

L The four pair are seen in fig. 1.
ABpOMEN—six pair (see figs. 1-5).

Nore.—Seven joints of chele and ambulatory limbs are named in order as follows (see No, 10)—

© po

THorAX—eight
pair

1. Coxo'podite (L. cora, the hip) or proximal joint.

2. Basi'podite. ) : :

3. Tschio'podite (Gr. dschion, the hip). } e Aogstion A Ehpa

4. Mero'podite (Gr. meros, the thigh). "
5. Carpo'podite (Gr. ferpos, wrist).

G. Pro'podite (Gr. grs, in front of),

7. Dactylo’podite (Gr. daktulos, a finger) or terminal joint,
Bix joints of antenna in order (see No, 3)—

Cloxo'cerite (Gr. deras, a horn).

Basi'cerite articulated with an onter flat plate, scaphocerite.

Tachio'eerite.

Mero'cerite.

Carpo’cerite,

Pro'cerite, the long many-jointed feeler,
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FLATE XIIIL

LOBSTER AND CRAYFISH —continued.

GENERAL ARRANGEMENT OF INTERNAL ORGANS—
Fics. 1, 2, 3. Bopy 1 SecTioNaL PLAN AND ELEVATION—
[ Monuth,
Gullet.
Stomach, with its cardiac or anterior end (Gr. tardio, the heart), and its
ALIMENTARY SysTEM < pyloric or posterior end (Gr. puloros, a gatekeeper) leading into
Intestine ending in
Anus,
L Liver made up of two symmetrical halves,
Heart.
Arteries—Sternal, superior abdominal, and inferior abdominal.
Besriratory SvsteEM—Branchize (Gr. gills), twenty on each side in Lobster, eighteen in Crayfish.
RexaL SysTEM—Green glands situated at the base of antennee,
Supra-esophageal ganglia.
Circum-cesophageal commissures,
Sub-wsophageal ganglia,

CIRCULATORY SYSTEM {

NERVOUS SYSTEM .

Chain of eleven ganglia,
I'Tu.-st«es with their vasa deferentia opening on the base of last thoracic
LTl Sa appendages (fig. 2).
REFECDUCTIVE BTeTEM i Owaries with their oviduets opening on the base of last thoracie appen-
ﬂﬂgi‘r:'- Lut two (155, 3).
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FLATE XIV.

LOBSTER AND ORA.YF IS H —continued.

ALIMENTARY SYSTEM—
Fig. 1. Stomacu in Elevation and Plan—
{ Anterior or cardiac.
Reclons . i o oy ’
| Posterior or pylorie, the anterior part of which iz the prepyloric.
: 4 ; i Transverse piece.
(apidian regan—satfla0 daie s | Uroeardiac process, 8 median prolongation.
SKELETON Prepylorie region—median prepyloric ossicle (green).
Pylorie region—transverse pyloric ossicle,
Figs 2, 3, 4. DeTainen STRUCTURE OF GASTRIC SKELETON—
Ossicles—
Cardiac, with uroeardiae process.
Prepyloric (fig. 4).
Pyloric (fig. 4}
Anterior pair {figs. 3 and 4).
e { Posterior pair.
Teeth of—

Lateral posterior ossicles.
Prepyloric ossicle—a single median tooth.
CircuLaToRY AND RESPiRaTORY SysrEus-—
Diac. 1. Crrevratory axp RespiraTorRy ORGANS —
Heart, rhythmically contractile and systemic—that is, it propels the blood received from the gills
through the system.
Pericardium, a cavity surrounding the heart.
Arteries earrying the blood to—
Eye, ophthalmic,

Antenna, antennary.
; Superior abdominal branch.
REEEEE | Inferior abdominal branch,

Veins, gather up blood and carry it to gills for aeration.

Branchio-cardiae canals, carry blood from gills to pericardium.

Valvular openings, by which the blood in pericardium enters heart.

Gills, each consisting of a central stem with an ascending blood-vessel on its outer side leading
from venous sinus, and a descending blood-vessel on its inner side leading to branchio-
cardiac canals. The stem is beset with fine filaments which repeat the structure of the stem.

Diac, 2. Erevariox axp Pray or HEART—
1 Ophthalmic.
i 2 Antennary.

2 Hepatic (Gr. Feper, kepatos, the liver),
1 Sternal, with its superior abdominal braneh.

j’ 2 Superior,
VarvuLan APERTURES 2 Lateral.

2 Inferior.

Pericardial eavity, so-called perieardinm,
Fibrous tissue, two pair of bands holding heart in place.

AnTERIES . . . . E



BerroDUCTIVE SYSTEM—
Fie. 5. Mare Orcans detached (seen én sifu Pl XTIL fig 2)—
Testes, make spermatozoa.
Vas deferens, tube for conveying spermatozon out of hody.
Spermatozoon, eilia absent.
Ihac. 3. Ovex oF Craveisa just hatched —
Outer and inner membranous coats produced at one point into a process for attachment to the
body of parent.
Albumen,
Vitelline membrane,
Vitellus.

DEVELOPMENT—
Fia. 6. Young Lobster as it emerges from egg, a zo'ea which passes by metamorphosis into adult form.

Fic. 7. Young Craylish as it emerges from egg, essentially similar to adult, no zoea stage.
Fi. 8 Adult Crayfish showing appendages.
Fig. 9. Limbs used for masticatory purposes, laid out,
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PLATE XV.
L O B S TE R.—mn tenned.
NEervours System—

Fig. 1. Vestran Cuary of 13 Gaveria united by commissures—
Cerebral or supra-cesophageal ganglia anterior to gullet, giving off optic nerves,
Cirenm-@zophageal eommissures round gullet.
Sub-msophageal ganglia posterior to gullet,
5 Remaining thoracic ganglia, united to one another by double nerve-cords.
6 Abdominal ganglia, united to one another by single nerve.cords.
Note.—The numbers attached to ganglia denete the cephalie, theracie, or abdominal segments to which they belong,
Fic. 2. Visceran Nerves in Elevation and Plan—
Nerves arising from—
Cerebral ganglia—A'zygos—median, and branching posteriorly to form lateral azygos.
Mandibular,
s Antero-lateral.
Medio-lateral,
Postero-lateral.
Hepatic formed by the union of postero-lateral and lateral azygos.
BExsorY DRGANS—
Figs. 3, 4. GENERAL STRUCTURE oF EvE—
Cor'nea, the transparent cuticle divided into a number of four-sided areas or facets {fig. 4).
Radiating fibres (two are coloured red).
Optic nerve expanding into optic ganglion,
Flexible stalk.
Fia. 5. Mixute Srevctuii of one of the elements of the Courouxp Eve—

CoMMISSURAL (GANGLIA

Cornea.
Cone.
tod,
Nervous ELeMests - .
Spindle.
Nerve-fibril econtinuous with ganglion.

Investing nervous elements and ganglion,
j Chater end eontinuouns with cornen.
Inner end eontinuons with :t-:lj:u;qml. sheaths,
Ovwal nuclei and pigment layers,
Diag. 2. FormaTioN oF THE VeErTEBRATE EYE—
. Uptic vesicle, a hollow process of the brain, involution of integument meeting it and pushing
it in,
. Crystalline lens, a detached portion of thickened integument.
¢. Retina, the wall of the doubled-up optic vesicle nearest the lens (red).
Choroid, the wall nearest the brain {blue)
Rod and cone layer of retina embedded in the choroid by obliteration of the cavity between.
D1ag. 1. Nervous ELEMENTS oF ReTiNa compared with nervous elements of fig. 5—
LRod, cone, and outer granular layers=cone, rod, and spindle,
Nerve-fibrils continuous with optic ganglion in both,
Fig. 6. Base of antennule ent open to show auditory sac.
Fia, 7. Seerton ruroven Aupirory Sac—
Auditory opening,
anar;riaailllz;::rlunt|un of the integument lined by hairvlike filaments and containing fuid and grains.
Auditory nerve from eerebral ganglia.
Fig. 8 Hairlike filaments magnified.

SHEATH . . . . {
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ExXosKELETON—
Fia. 9. Vertical section of shell or exoskeleton.

The epidermis throste off suecessive layers of its substance, which form a number of delicate
lamine superimposed upon one another, and this is impregnated with salts of lime. The
exoskeleton thus formed is cutieular, to be distingnished from cornified epidermis, as nails,
composed of modified eells, a cellular exoskeleton

CLASSIFICATION—

Sub-Ringdmin—Arthro'poda (Gr. arffreer, a joint; pouws, a foot) The body is segmented;
limbs jointed ; nervons system forms a ring round gullet, followed by a ventral chain of
ganglia,

Nabural Order—Crustacea (L. erusta, a crust), becanse it breathes by gills ; has two pair of
antennae (lesser and greater) ; walking legs borne by thorax and abdomen,

Genera—Homarus, Astacus,

Common Names—Lobster, Crayfish,
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PLATE XVL

THE FRESH-WATER MUSSEL.

GENERAL STRUCTURE OF Dony—
Fic. 1, a. S81pe View oF Awimar when left valve and left mantle-lobe are removed —
Mouth, anterior.
Anus, posterior,
Heart, dorsal,
Foot, ventral.
Gills, lateral, inner and outer.
Labial palps, two on each side of mouth.
Adductor museles, anterior and posterior, for closing the shell.
Right lobe of mantle, lateral.
Fia. 1, & Dorsan View oF ANimar, partly dissected—
Heart.
Pericardinm,
Vena cava in floor of perieardium.
Organ of Bojanus beneath pericardiom.
Intestine entering pericardinm,
Diag. 1. TraNsvERSE SECTION OF ANIMAL—
Mantle-lobes, right and left, lateral extensions of the dorsal integument.
Chiter gill made up of two lamella.
Inner gill made up of two lamell,
Foot, median.
Pericardinm,
{ Ventricle.
1 Two anricles.
Intestine piercing ventricle.
Vena cava.
Organ of Bojanus, beneath pericardium,
ALIMENTARY AND NERVOUS SYSTEMS—
Fig. 2, a. Aumextary Systeu—>Mantle and gills removed on left side, and eoiled intestine dissected
out in foot.
Maouth, below anterior adductor.
Gullet.
Stomach,
Intestine, with neural fexure,
Anus, above posterior adductor,
Fic. 2, @ and & NERvVOUs SYSTEM DISSECTED OUT—
Cerebral or eephalie zanglia, two at base of labial palps.
Pedal ganglia, two united and embedded in foot.
Pari'eto-splanchnie ganglia (L. pariefes, walls ; Gr. splanchna, the entrails), beneath posterior
adductor,
Commissures uniting pedal and parieto-splanchnic with cerebral ganglia,
Sense Oroawz—
Fia. 3. Cyclas cornea, a fresh-water form belonging to the same natural order as Anodon, in the foot
of which the auditory organ can be conveniently examined under the microscope.
Fio. 4. Avoitory Orcax oF CycLas—
Auditory sac lined with ciliated cells and containing fluid and an otolith in the centre.
Auditory nerve from pedal ganglion (not shown),
CircoLaToRry a¥p REXAL STsTEMs—
Fia. 5. Tk Orcan oF Bosanus dissected from left side, left auricle turned up—
Aurieles receiving blood from gills.
Heant (Systemic) {\'cnt—ricln with anterior aorta and posterior aorta distributing blood to
the body.

Heart
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Venn eava receiving the blood of the body which passes through the organ of Bojanus to the
gilla.
Transparent non-glandular portion or vestibule communicating with
CRGAN OF S exterior and with the
Bosaxus { Brownish glandular portion communicating with pericardium by two
oval openings (see fig. 1, &)
REesPIRATORY SySTEM—
Fig. 6, ¢. GEXERAL STRUCTURE OF (GiLL, section through line ab in diagram 1—
Inner and outer lamellx,
Partitions between lamelle—interlamellar partitions,
Pairs of chitinous rods in the parallel and vertical gill-filaments, indicated by pairs of dots,
Fig. 6, b. Mixvre StructuRe or Giin, section of lamella parallel to surface in region of chitinous rods—
Gill-filament strengthened by pair of chitinons rods (seloured red).
Openings between filaments furnished with eiliated epithelinm,

Partitions between filaments, interfilamentar, consisting of horizontal and obliquely crossed
filives,

MuscuLar SysTEN—
Fic. 7. MuscLEs—
Anterior and posterior adduetors, adducting or bringing together the valves.
Frotractor of foot,
Anterior retractor of fook
Fosterior retractor of foot.
Smaller retractors arising near umbe, impressions only shown (fiz. & a).
Ex0sKELETON—
Fic. &, &. ExTerior or SpeLr—
Rounded anterior end, tapering |:||:}5LL-1"mr end,
Tmbo or beak on dorsal surface of each valve towards anterior end.
Coneentric lines of growth.
Elastie ligament behind umbones, binding the two valves together, and tending to open the
valves, The hinge-line iz without interlocking processes or teeth, hence the name Anodon
{(Gr. a, without ; edons, adonfos, a tooth).
Fio. 8, a. IxtERIOR OF SHELL—
Pallial impression indicating attachment of musenlar ventral edge of mantle to shell.
Anterior and posterior adductor impressions.
Suecessive addoctor impressions, extending from cavity of umbo to each adduwctor muscle

and indieating the travelling downwands of adductor muscles,
HistoLnGy—

Fuo. 9, &, Liver invesis stomaeh, and consists of blind tubes lined with epithelial cells
&, Muscle eomposed of elongated pucleated cells rezsembling those of smooth musele in form
(Pl. XXIV. fig. 7), but having the structure of striped muscle,
. Blood-corpuscles, eolourless, nucleated, and amoboid.
DEvELOPMENT—
Fig. 10, a. Ripe ovum with its vitelline membrane forming a short tube at one point with an opening
or micropyle.
b, . Embryo when hatehed or Glochidium—#& enclosed in vitelline membrane, ¢ escaped from it
Valves of shell triangular (see fiz. 6), united at base and incurved at
InrrERExCES g apex,
FROM ADULT z Hingle adduetor musele.

Byssus or beard coming off from foot.
CLASSIFICATION —

Sub- Kingdom—Mallusea (L. mollis, soft). The body is soft and unsegmented ; possesses a
shell, and three pair of nervous ganglia,

Nafural Order—Lamellibranchiata (L. famella, a plate ; Gr. Tranchia, a gill}, becanse it has
a bivalve shell ; a twodobed mantle ; plate-like gills ; and no distinet head.

Genus—Anodon'ta (Gr. e, without ; odowus, odonfos, a tooth),

Common Nome—Fresh-water Mussel,
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PLATE XVII.

THE EDIBLE SNAIL.

ExterNAL CHARACTERS—
Fic. 1. Tue SxaiL protruded from its shell—
: Pair of tentacles or eye-stalls with eyes,
i i { Pair of tentaeles without eyes.
Foot flattened out ventrally, henee the name Gasteropod (Gr, gaster, the belly ; pous, a foot).
Shell univalve and spiral.
Fie. 2. SuELL—
Body-whorl, the last and largest whorl with the mouth.
Spire, the rest of the whorls.
Five brown bands running in the direction of the spire.
Lines of growth running in a longitudinal divection from apex (shown in fig. 1).
GENERAL SBTRUCTURE oF Bopy—
Fie. 3. Secriox or Booy, shell and viscera removed—
Parts of body—foot, mantle, visceral sae, pulmonary chamber.
R Roof with homy jaw.
S Ea { Floor with odentophore (Ur. odows, sdondos, 2 tooth ; phoree, 1 bear).
(Esophagus,
Rectum seen in section.
Nervous ganglia seen in section above and below gullet.
Columellar musele attaching body to shell.
Frc. 4. Common Sxain with shell removed and covering of pulmonary chamber turned back —
Heart consisting of auricle and ventricle.
Blood-vessels ramifying in wall of pulmonary chamber.
Benal organ or kidney for getting rid of nitrogenous waste.
Pulmonary aperture leading into the modified mantle-cavity or pulmonary chamber, with anus
bezide it.
ALIMENTARY SYSTEM—
Fic. 5 a. Buccarn Mass vemoved from body—
Protractor and retractor muscles.
(Esophagus and duet of salivary gland leading from it.
Fic. 5 b, and Drag, 1. ODos'TOPHORE IN BECTION—
Bkeleton formed of cartilage (blue).
Sub-radular membrane with its museles (yellow).
Radula (L. a seraper), the surface of sub-radular membrane beset with enticular teeth (red).
Fis. 6—
a. Horny upper jaw detached.
b Teeth of radula arranged in transverse rows,
Fic. 7. Dissecrion rrom Dorsar Surrace with the parts laid out—
Buecal eavity.
Gullet dilating into erop.
Salivary glands laid out; in their natural position they embrace the crop.
Stomach with a pylorie cecum near liver,
Intestine, coiled and surrounded by liver.
REPRODUCTIVE SysTEM—
Fi. T {continued)—
Ovo-testis or hermaphrodite gland removed from liver, consisting of tubes in which ova and
spermatozoa arve developed.

The blind end of one of the tabes with its contained ava and spermatozon is shown in fig, 12,
E
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Duet of ovo-testis,
Albumen-gland forming an albuminous seeretion,
Duet for conveying spermatozoa—vas deferens, opening into penis,
Duct for conveying ova=oviduct ending in vagina.
Spermatheca or receptaculum seminis (L. receptacle of the semen) opening into vagina.
Penis with long flagellum (L. a whip), an eversible involution of the integument like the finger
of a glove turned outside in.
Dart-sac eversible, with pointed dart IL
Mucons glands . . . . . .
CIRUULATORY SYSTEM—
Diac. 2. Comparamive View oF CeEsTRES oF CIRCULATION in—
ft. Worm—Dorsal trunk with transverse vessels discharging into it.
b Anodon—Dorsal trunk dilated—the ventricle, and transverse vessels reduced to a pair forming
the two auricles,
¢, Snoil—Dorsal trunk bent upon itself—=the ventricle sending blood to anterior cnd of body by
cephalie artery, and to posterior end by abdominal artery. Transverse vessels redueced to
One, the r'lg]:t, furini:ug the m:rirle,
Fic. 8. Covrovrress ConrvscLes oF THE Broon.
NERvoUs SYSTEM AND BESSE ORGAxs—
Frz. 9. Nervous Systesm forming a ring round gullet—
Cerebral or supra-mesophageal ganglia,
Pedal, anterior and united with cerebral by commissures.
Parieto-splanchnie united with cerebral by commizsures.
Fra, 10, Eves, a pair, placed at end of tentacles—
Selerot’ic (Gr. shleros, hard) passing into a cuticular cornea.
Choroid, the pigmented layer,
Optie nerve expanding into an outer reting, the fibres of which pass through the choroid to form
an inner reting with rods and cones nearcst the |J'g||t.
Vitreous humour (not shown),
Lens,
Cornea with a eonjunctiva on its outer surface.
Fi, 11. Orcans or Hearivg, a pair close to pedal ganglin—
Auditory canal.
Bac containing Huid and otoliths,
Auditory nerve from cerebral ganglia (not shown).
DEVELOPMENT—
Diac. 3. Earny Staces oF DEVELOPMENT OF A VELIGEROUS GASTEROFOD, no evident velum in Snail—
Ciliated velum, an expansion of the integument about the head.
Foot developing, with operculum (L. a lid) upoen it.
Shell external.
CLASSIFICATION—
Sub-Kingdom—Mollnzea.
Natural Order—Odontophora, because it has a distinet head ; and an Odontophore,
Genus—Helix (Gr. a spiral), from the spiral form of the univalve shell.
Commot Neeme—Snail,

peculiar to Snail family.

Sub-cezophageal ganglia {
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PLATE XVIIT.

THE FROG.

ExTERNAL CHARACTERS—
Fiz, 1. Frog with Limbs extended —

Aunterior nares or external nares (L. nares, the nostrils).

Eye.

Tympan'ic membrane or membrana tym'pani (L. fympansn, a drom),

Cutaneous pouch (L. cutis, the skin),
Clo'aeal aperture (L. cloaca, a sewer).
gBmchium (L. the arm},

Antebrachivm (L. anfe, before).

Fore-Lise IMam:ls (L. the hand).

Four digits (L. digitus, the finger or toe).

Femur (L. the thigh).
Crus (L. the leg).

Pes (L. the foot).
Five digits.

GENERAL DisposITION 0F INTERNAL ORGANS—

Hixp-LiMe

Fie. 2. Dissgerion from the Ventral Surface to show Viscera, Thoraecic and Abdominal—

Ventricle,
Two auricles,
Lungs, right and left.
Stomach and intestine.

Hearr .

Liver with gall-bladder, pancreas, and spleen.

Urinary bladder.

Corpus adiposum (L. fatty body), finger-like yellow processes.

Testis, ouly one shown,

Diag. 1, TRANSVERSE SECTION THROUGH ALDOMEN—

NEURAL CANAL containing , . . . ..

PLEUROPERITONE'AL CAVITY =
TaoracieCaviry lined by the pleura,
and Appodixarn Cavity lined by the
peritoncum in Man.

<

Bpinal cord. :

Lining membrane or plenroperitoneal membrane {Cr,
plewron, a rib; perd, around ; feino, T streteh),

Alimentary eanal suspended by two layers of the
membrane coming together in the middle line—the
mes'entery (Gr. mesos, middle ; enteron, intestine),

Testea snapended in the same way by the mesorehinm
(Gr. orchis, a testicle).

Kidneys held in place by the membrane covering their
vientral faces.

Sympathetic nervous system, two gangliated eonds con-
taimed in triangelar space formed by the layers of
membrane converzing to form mesentery.

Dorzal aorta.

Diac. 2. ComparisoN oF A TraNsveErse SecTIoN oF A VERTEBRATE (FRoG) AND AN INVERTERRATE

(LonsteEn)—
Invertebrate— Yertebrate—
Visceral tube only, Visceral tube.

Meural tube,

Notoelord I:[:ir, wolig, the hm:k; r.i"rr.-rrli'-', i stri::g]l, the
primitive axial column, separating the two tules,

Limbs on neural or nerve side of body. Limbs on haemal or heart side of body.



36

Fic. 3. Tue Livmes on the left side are removed, together with the left walls of the cerebro-spinal,

Fia. 4.

thoraco-abdominal, and bueeal cavities, The alimentary canal is laid out to display it to

advantage— :
Mouth with posterior nostril, and Eustachian recess con-
tinnous with tympanic cavity.

Tongue turned forward to show its attachiment.
Teeth in npper jaw and on palate,
Stomach.
Small intestine suceeeding stomach.

ALIMENTARY SysTEM . . . .

Large intestine terminating in cloaca.

Liver lobed,

Panereas or “sweethread,” pale coloured, near pyloric
portion of stomach,

Bpleen, red, near the eommencement of twisted portion
of intestine.

{ Dorsal aorta.

| Inferior vena cava.

{ Glottis, a slit in floor of pharynx leading into lungs.

1 Left lung.

Right ovary.

Oviduet, anterior cotled portion of right and terminal

RevaL axp RerropveTive Systems | dilated portion of left (see PL XXIL fig. 8),

Left kidney with ureter.

Urinary bladder, bilobed.

CIRCULATORY SYSTEM

RESPIRATORY SYSTEM

Nenvoos System . . . . . . Brain and spinal cord.
SkeLeroN . - . . . . . . . Vert'ebral columnenclosing spinalcord, and Skull enclosing
hrain.

Avmexrany Caxar removed from body—

(Esornacus or gullet communicating with pharynx.

{ Cardiac or anterior portion,

| Pyloric portion leading into intestine,

{ Ducdenum forming a loop with the stomach,

| Tlenm, the twisted portion (Gr. eilein, to twist).

LancE TRTESTINE . - . . . . { Clolon, the dilated portion into which the ilonm opens,
Rectum (L. the seat) opening into eloaea.

STOMACH

SaaLL INTESTINE .
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PLATE XIX.

THE FRO G—camimcal.

SKELETON.
# % The colours in left-hand corner of Plate refer snly to Skull.
Tae Boxy SEuLL—
Fia. 1. Donrsan ViEw—
Exoceipitals (L. er, out; occiput, the back of the head).
Pro-otics (Gr. pro, in front of ; ows, ofes, the ear).
Parietals (L. porves, a wall) . e
Frontals (L. }mns, the forehead) }umt-cd in adult.
Nasals,
Premaxille (L. pra, before ; mazilla, the upper jaw).
Fiz. 2. Vextrarn View, lower jaw removed—
Parasphen’oid (Gr. sphen, a wedge).
Sphenethmoid or girdle-bone,
Vomers with teeth, The posterior nostril is inadvertently marked anterior to vomer in the drawing,
Premaxillie with teeth, but not shown,
Pterygoids (Gr. pleron, a wing).
Palatines, slender palate bones,
Fic, 3. Bioe View—
Bquamosals,
Quadrato-jugals.
Maxille with teeth.
Premaxillee with teeth.
Mandible or lower jaw, consisting of two rami (L. raniwes, 2 branch) without teeth.
Meckel's cartilage forming the core.
Bisin Angulo-splenial
G Dentary without teetl
lllmlw-ﬂecl:e'liun bone (L. mentum, the chin}, the essified tip of Meekels eartilage.
Fic. 4. Posterior View—
Exoceipitals with condyles (Gr. Londulos, a knnekle) for articulation with vertebral column.
Foramen magnum (L. great opening), through which spinal cord passes into brain.
Tre CARTILAGINOUS BSEULL—
Fic. 5. Domsar View—
Sphenethmoid bone, replacing cartilage and partly covered by the frontals (see fig. 1).
Nazal roof covered by nasals.
Fontanelles, membranous portions.
Fia. 6. Vextoan ViEw—
Sphensthmoid bone.
Nasal floor anterior to sphencthmoid covered by vomers,
Floor posterior to sphenethmoid from the exoecipitals eovered by the parasphenoid, which partly
overlaps sphenethmoid.
Pterygoid bar, replaced by pterygoid and palatine bones (see fig, 2).
Figs, 5, 6. MaxpimvrLar SusPENsoRIUM, connecting lower jaw with skull—
Posterior end articulating with Meckel's cartilage,
Anterior end dividing ( Dorsal process or crus attached to outer wall of skull.
mto . . . . . | Ventral process or erus continnons with pterygoid bar,
Nube, —Two kinds of bone are distinguished in the skull according to their mode of origin—

1. Cartilage bones (red), as the name denotes, are fivst modelled in cartilage,
2. Membrane or splint bones (blue) are those not so preformed in cartilage,

; } investing Meckel's eartilage.
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Fras, 7, & 9. Tue Verreprarn Corvmx or BackpoNe=0 bony segments or vertebra and a bony
prolongation or urostyle (Gr. cure, 2 tail)—

f Baody or ecntrim.

A, Weural spine or spinous proceas,

lkh'el.:ml arch {Tm:m’eme processes,
Lygapo'physes (Gr. zugos, an articnlation).
Atras or 1st vertebra with which the two oceipital condyles of the skull articulate,
SacevM or Jth vertebra with which the pelvie girdle articulates

Thickened anterior end with two concavities into which the two con-
‘ vexitics of the sacrum fit (fig. 9, a).
Sciatic nerve, the nerve of the leg, passing out from neural canal by a
small opening (red).

VERTEBRA

TkozTyLE or Cocoyx {

Fic. 10. PELvic Arch, side view—
Acetabulum, the socket into which the head of the thigh-bone or
femur fits,
Pervic Avcn or Hir- i 1linm or haunch-bone articulating with sacrum,
Gizpre . . . . | Ischium, a posterior rounded bone,
| Pubis, a ventral wedge between ilinm and ischinum.
_Triradiate junction of the three bones in the acetabulum.
Fic. 11. Hyoin—
Bony,
Anterior attached to skull (sec fig, 2).
Proceszes or Corsva ) Lateral.
(L, horns} . . . Posterior.
Thyro-lyals, sometimes called poaterior cornua.
Fro. 12. Srerxum and SHOULDER-GIRDLE—
Anterior picee—Omo-sternum (Gir, emos, the shoulder).
Median piece—Sternum proper,
Posterior picee—Xiphi-sternum (Or. adphes, a sword).
Glencidal cavity, the socket into which the head of the homerus fits,
Pecroran  Anrcu  or ) Dorsal portion—Scapula or shoulder-blade, and Supra-geapula.
BHOTLDER-GIRDLE | Coracoids.
| Clavicle or collar-bone.

BTERNUM or BrEast- J
BoWE R e l

l\'cutml portions

Fri. 13. Rierr Fore-Live, dorsal surface—
Humerus,
Radius and ulna united,
Carpals or wrist-bones,
Five digits consisting of metacarpals and phalanges (first digit rodimentary="Pollex, L. thumb).
Fic. 14. Lerr Hixp-Lisn, dorsal surface—
Femur or thigh-bone.
Tibia and fibula united,
Tarsals with elongated astragalus and ealeanenm.
Five digits consisting of metatarsals and phalanges,
Clalear {L. fi ::||ur:|-, H ]mn]_].r ]u'njurt‘.liun at base of first tI'tj__,riL or hallux I'LL_ f:-rf”rr, the I}ig tnc!}_
Diacrav. THe corresroXpiye Boxes 1% THE Fore axp Hixp Lives wiTH THEIR RESPECTIVE ARCHES—
The axis (an imaginary line passing throngh the middle of the limb to the end of the third digit)
divides the limb into a preaxial and a postaxial portion.
Carpus or tarsus consists of two rows of bones with a centrale between, and the following are
thus named in human anatomy :(—

Radiale = Beaphoid, Tibiale tigtoal
[ntormedinm = Lunar, Intermedinm - ra galua.
VInare = (Cu'neiform. Fibulare = Caleamenm.

Centrale, not represented, Clentrale = Navicula're,
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PLATE XX

THE FRO G—mmimmﬁ

CIRCULATORY SYSTEM—
Fiz. 1. ARTERIES—
Lingual artery (L. {ingua, the tongue) to tongue.
Caror'ip Trusk o Ax- ) Carotid gland, .
rerior AorTic Arci ) Carotid artery to head by way of ear (Gr. Aara, the head ; ouns, the
ear).

; Vertebral artery to vertebral column.
| Sub-clavian artery (L. sub, under; clavicula, collar-bone) to forelimb,
(Esophageal artery to gullet.
Ceeliac artery { Hepatie to liver.
(Gr. koilia, the belly) | Gastrie to stomach,

Aorrie TrRUNK om ! e { Splenic to spleen.
Mesenterie avtery - : ;
MippLe AorTic R ¥ | Haemal to intestine (not named).
Arcr . . . . . | Dorsal aorta, giving off branches to various organs,

Commen iline arteries formed by the forking of the aorta in the
neighbourhood of the ilium, and giving off hypogastrie branches
to the bladder and lower parts of the belly.

Femoral and sciatic arvteries, a continuation of the common iliag

i down the thigh.
PULMO-CUTANEOUS
Trusk or Pos- Pul'monary artery to lung (L. gaufims, a lung).
TERIOR AorTiC Cutaneous artery to the skin of the back (L. cutis, the skin).
Anrcn

Fro. 2. VEING—
Internal jugular

Innominate, formed by | Sub-scapular

Musenlo-cutaneous.
Bub-clavian, formed h}r{ Brachisl

Hurerton VExa Cava,
FORMED EY

Genital (not shown).
FORMED BY

Renal.
Isrenior VExa Cava, { o
Hepat'ie.

Commox Iuiac or BExan ArrerexT VeEIN formed by the dorsal ends of the pelvic vein, which is
formed by the femoral and sciatic veins.  Dorso-lumbar vein opens into common iliae,
AxtERIOR ARDOMINAL VEIN formed by the ventral ends of the pelvie vein.
: : Clastrie,
PortaL Veix or VExa Port® (L. the vein of the gate—of the liver) formed by { Lieno-intestinal (L.
fienis, the spleen),
Comsox PurLsoxary VEIN formed by the veins of the right and left lungs.

DIAGRAM I. Tue Heart, with the principal vessels distributing and returning the blood—
(Binus venosus (L. venous sinus) receiving superior and inferior
| ven® cave,
HEXD® 5 o5 i s ow atw - Right auricle with sinus venosus opening into it,
' Lcht. auricle reeeiving eommon pulmonary vein,
Ventricle leading into trunens arteriosns (L. arterial trunk),
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J’ Carotid supplying the parts abont the head, ineluding the brain.
Prixciear Arverian TRUXES & Pulmo-cutaneous supplying the lungs and dorsal integument.
Aortie supplying the rest of the body.
[Superior cava returning blood from the head, forelimbs, and
dorsal integument chiefly,
Pulmonary veins returning blood from the lungs.
Vena porta returning blood from the stomach, intestine, spleen
Prixcrpal Vexous Truxks 4 and pancreas to liver.
Anterior abdominal returning blood from the urinary bladder
and belly-walls to liver,
Inferior cava returning blood from the hind-limbs, kidneys, and
L liver chiefly.
Hepatic vein should be colowred blne.
DMAGERAM IL Truxcvs ArreErrosvs laid open to show action of heart—

Pylangium (Gr. pule, gate ; amgeion, a vessel), or receiving part, containg a median longitudinal
valve or movable partition attached to the dorsal surface, and a small transverse valve on the
right side.

Synangium (Gr. san, together), or distributing terminal part, gives rise to Pulmo-cutaneous, Aortic,
and Carotid trunks,

Fras, 3, 4. CIRCULATION oF THE BLoop 18 THE WED—

Arteries with flow of blood towards the smeafler branches,

Capillaries arising from the ultimate branches of the arteries and giving rise to the veins.

Veins with flow of blood from smaller to larger vessels.

Owval blood-corpuseles coursing through the vessels.

Pigment-cells on the surface,

RESPIRATORY SYSTEM—
Fics, 5, 6. BTRUCTURE a¥p Frasmework of the Respiratory Organs—

Fie. 5. Glottis (Gr. gloffa, the tongue), o longitudinal slit opening into the floor of the back part
of the mouth or pharynx (Pl XVIIL Fig. 3).

Arytenoid cartilages, one on each side of the glottis, movable inwards and outwards,

Laryngo-tracheal cartilage, a ring forming the very short tube common to the two lungs,

Fic, 6. The Lung is a thin-walled, elastic, and transparent bag, the inmer surface of which
shows shallow depressions produced by infoldings of the wall, and corresponding to the air-
cells of higher animals.

Fic. 7. Muscres of the throat for depressing and raising the floor of the month—inspiratory muscles.
Mylo-hyoid (Gr. sule, a mill), insertion in rami of mandible.
Sﬂeniu-]]yuid, insertion in symphysis of mandible or chin.
Hyo-glozsus (Gr. glossa, the tongue), insertion in tonguoe.
Petro-hyoid, insertion in auditory capsule.

MuscLEE  HAVING  THEIR
“oRIGINY IN ANTERIOR
rorTION oF Hyoip ?\

MuscLES HAVING THEIR * I1¥-
SERTION " IN POSTERIOR
roRTION oF Hyorp . .

] Omo-hyoid (Gr. omos, the shoulder), origin in scapula.
J’Etﬂr!w-hyuid, origin in sternum.

Note.—The point of attachment conspartively fixed is called the Origin of the Muscle, while the attachment to the part to be
moved is called its Insertion.
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PLATE XXIL

THER FROG‘-—camiuufd.

NErvOUs SvsTEM—
Fica 1, 2. Tug Brux or ExceprB'aton (Gr. en, in; kephale, the head)—
I’U'I.t'ncmry lobes or Rhinenceph'alon (Gr. rhis, rkinos, the nose) giving off
olfactory nerves,
Cerebral hemispheres or Prosenceph’alon (Gr. pros, before) completely
separated by the great fissure (fig. 3)
Optic thalami (Gr. thalanos, a bed), one on each side bounding the third
ventriele with pineal gland on roof. =Thalamenceph'alo n.
Mip-Brars Optic lobes above and crura cerebri (L. legs of the cerebrum) below, —
(Yellow) { Mesenceph'alon (Gr. mesos, middle).
Cerebellum (L. the little brain), very small.=Metenceph'alon (Gr. meta,
‘ behind},
Medulla oblongata (L. elongated marrow) with the fourth ventricle.=
Myelonceph'alon {Gr. muelos, marrow).
Lamina terminalis (L. terminal plate), the anterior wall of the thalamencephalon ter-

minating the axial portion of the brain, the hemispheres being lateral expansions.
Ficz. 3. Tag CaviTies oF THE Brarx, so-called Ventricles—

1. Olfactory.

2. Lateral . “ ) CPal
: c 2 i .
% Third ventricle J~_r'5|mrtum of communication, foramen of Munro

Fore-Braix

Hixp-Brax l

Tter a tertio ad quartum ventrienlum (L. passage from third to fourth ventriele), with
ventricles of optic lobes entering it.
4. Fourth ventricle, eontinuous with central canal of spinal cord.
Fic. 4. GexeraLl View oF THE BrAIN anp Srixan Corp, cerebro-spinal axis—
Brain showing chiasma (Gr. a erossing) of the optic nerves, and optic tracts leading from optie
lobes,
Spinal cord or myelon, tapering away to the filum terminale (L. terminal thread).
Disg. 1. Ten pair of CraviaL NErves, ten pair of Spivan Nerves, and ten paiv of SyMmparneric
GANGLIA—
Craxiarn Nerves, 1 to 10 (yellow).
[ Spinal 1, hypoglossal (Gr. kupo, under ; glossa, a tongue), distributed to
tongie,
w2 and 3, forming a brachial plexus (L. brachinm, an arm ; pleras,
a junction), and distributed to fore-limbs.
Bri¥aL NERVES [ » 4, 5, and 6, distributed to the body-walls,

{Blue) | 7, 8, and 9, forming a lombo-sacral plexns (L. funbies, the loin),
and distributed to posterior portion of body and hind-limbs ;
crural to front of limb and sciatie (contraction for ischiatic)
to back of it
\ % 10, distributed to parts about COCEYX,

SYMPATHETIC GANGLIA (8. 1 to 8. 10), with connecting commissures (red).
Dnag. 2. CoXTENTS oF NEURAL CANaL, a5 scen in a transverse section—

Grey matter, a central square with its fowr eorners passing into the

posterior (dorsal) and anterior {ventral) roots of the nerve-trunk.
Srwarn Conp Central canal lined with epithelinm.

| hite matte S erer mattar | Losterior fissure (dorsal).
L"i hite matter outside grey matter \:Aiiteriar fsmrive-fyemibral);

¥
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Pia mater, 2 vascular membrane investing cord and continuous with

Thars B tes o §
CANAL AND I‘.\'-J{ ura mater lining canal (red)

; Arachnoid superficial to pia mater and dura mater, and secreting arachnoid
VESTING CORD

fluid (blue).

Fig. 5 and Diac. 3. Crawian Nerves, and their distribution—

I
IT.
ITI.
BN
Y.

VL
VIIL

VIII.

IX.

Olfactory (L. ofes, T smell) distributed to olfactory sae, as shown in Diag. 1,
Optie distributed to eye (Diag. 3)
Oeulo-motor (L. oculus, eye ; motor, mover) distributed to four muscles of eye (Diag. 3).
Pathetic distributed to superior oblique muscle (Diag. 3).
Trigeminal dilates into Gasserian ganglion giving off—
VL Orbito-nasal or ophthalmic distributed chiefly to the nasal chamber.
V¥ Buperior maxillary distributed to npper jaw.
V3. Inferior maxillary or mandibular distributed to lower jaw or mandible.
Abducens (L. abducs, T draw away) distributed to external rectus muscle (Diag. 3).
Facial or portio dura (blue) dividing at Gasserian ganglion into—
YVII=. Or anterior distributed ::}Liaﬂ}' to the pﬂlﬂtﬂ.
VII Or posterior dividing into a branch to the hyoid and a branch to mandible by way
of tympanie cavity = chorda tympani (L. cord of the drum).
Anditory or portio mollis distributed to the anditory capsule (Diag. 1)
Glossopharynge'al (Gr. glossa, the tongue; pharune, the throat) distributed to tongue and
pharynx (yellow).
Prnenmogastric (Gr. paeunian, the lungs ; gester, the stomach) or Vaguos (L. wandering) {red)—
X Cutaneons branch distributed to dorsal integument.
X2 Cardise branch distributed to heart.
X% Laryngeal branch distributed to larynx.
X4 Pulmonic branch {Ii:atr]hulr,'d to 'lungs.
X% Gastric branch distributed to gullet and stomach.

Fic. 6. Nerves or Hisp-Live, bones displaced to show nerves of dorsal surface—

BCIATIC

[ Peroneal (Gr. perone, the E'lhu]:l} Ilmning beside preroncns muscle,
| Posterior tibial running beside tibialis posticus muscle,

MUsSCULAR SysTEM—
Mac. 3. MuscLes oF EYE

Fic, 7. Surerricran Muscres oF Hixp-Liae

Frog dissected when laid on back, with dorsal surface of
foot nppermost.

Name. Origim., Insertion.
¢ Adductores— brevis, magnus, and Pelvis, Femur.
longus.
Sartorina, Pubis, Crus, inmer side of
knee-joint,
Tumgn | Rectus internus major. Pubis. 1o,
Rectus internus minor. Pelvis. Do,
Vastus internus. Pelviz, near to T,
| hip-joint.
( Gastrocnemius, the bulk of the calf of the leg  Tartly femur, Ending in tendo
(Gir. gaster, the belly; kneme, the leg), partly erus Achilliz,
Tibialis posticns (L. posterior tibial). Crus. Astragalus.
Perone'us. Femur. Caleanenm,
T Tibialis anticus (L. anterior tibial). Femur, Astragalus  and
C:ll.m-lﬂl.‘.ulll.
Extensor cruris brevis (Lo short extender of  Femur, Crus,
the leg).
Flexor tarsi anterior (L. anterior bender of  Femur. Astragalus.

the tarsus).
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Name. Origin, Insertion.
Fic. 8. Deep MuscrLes on front or ventral surface of thigh
Peetin'ens. Pelvis, Femur,
Adductor brevis, also seen on surface.
Semitendinosus, Pelvis, Crus.

Vastus internus, alzo seen on surface.
Fre. 9. Muscres on back of thigh—for dissection lay out as in PL XVIIL fig. 1—
[ Vastus internus,
| Reetus femoris

Trlcﬂﬁii;mtﬁeﬂh; g;;fpﬂui anticus  (not Pelvis, Crus,
shown).
Vastusexternus,
Glutw'ns (Gr. glowtos, the buttock). Pelvis, Femur,
Pyriformis, Uroatyle. Femur.
Biceps femoris (L. biceps, having two heads). Pelvis. Femur.
Semimembranosus, Pelvis. Crus and femur,

round knee-joint.
Rectus internus, seen also on front,
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PLATE XXII.

THE FRO G‘—mu!immd.

SENSE ORGANS—
Fis. 1. Eve or Ox divided—{«) Into a right and left half—left half shown.
(B, ¢} Along equator into an anterior and posterior half.
Selerotic or outer coat passing into transparent cornea in front,
Choroid coat pigmented, anterior end raised into longitudinal plaits—the eifiary processes.
Ivis (L. a rainbow), anterior to ciliary processes, and connected to sclerotic where it passes into
cornea by the ciliary muscle
Lens enclosed in capsule, which is attached to the inner side of the choroid by suspensory
ligpament,
Cilinry musele dips into folds of ciliney processes abwowve, just as suspensory ligament dips into them below ().
Aqueous humour anterior to lens.
Vitreous humour posterior to lens,
BRetina inside choroid.
Optic nerve entering a little to one side of axis by the optic pore.
Fic. 1 ¢. Blood-vessels are seen to enter retina from the spot where optic nerve enters,
Fre. 2. GeseEraL View oF Ricut Eanr oF Froc—
Tympanic eavity exposed by removing tympanic membrane.
Three semicircular canals,
Columella auris (L. little column of the ear).
Fig. 3. MeuMBrANOUS LABYRINTH oF LEFT EAR—
Semicirenlar canals, anterior, posterior, and horizontal, each dilated at one end into ampulle
(L. cmpallor, T swell out), and two ends of vertical canals joining together.
esiabili | I..-"ll']t'illtlﬂ (L. a little bag), into which semicireular canals open.
| Sacenlus (L. 2 small bag).
Cochlea (L. a snail's shell), radimentary.
Fio, 4. EssexTran Parrs or Humax Ear, natural size—
External ear—Pinna or concha (L. a shell), not shown.
Auditory meatus (L. a canal).
Tympanic membrane.
Tympanic cavity or tympanum opening by Eustachian tube into pharynx,
. 1’ Malleus (L. a hammer).
Middle ear {; Anditory ossicles or ear-bones bridging over cavity < Incns (L. an anvil).
{St-’lpi}ﬂ {L. a stirrap).
Fenes'tra ovalis (L. oval window), an oval membrane, to which foot-plate of
stapes is attached.
Fenestra rotunda (L. round window), at the base of cochlea.
Bemicirenlar canals, horizontal not shown.
- Vestibule into which canals open.
Cochlea, also commmunicating with vestibule,
Fro. & Avptrony OssicLes oF Humax Ear, magnified,
Fre. 6. CotvmeLua Auvris detached (see also fig. 2)—
Stapes or inner end fits into fenestra ovalis,
Extrastapedial or outer end attached to tympanic membrane,

Internal ear or
labyrinth
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Bevan axp REPRODUCTIVE ORGANS—
Fre, 7. Mate Onrcaxs from the ventral surface. The right testis is turned over to show its efferent
ducts—
Testes on the ventral side of kidneys,
Vasa efferentia (L. afferent vessels), leading to inner side of kidney.
Kidneys in the dorsal part of abdominal cavity.
Duet passing from onter side of kidney to open into cloaca—CGenito-urinary canal, becanse
it serves a8 ureter for the kidney and vas deferens for the testis.
Fiz. 8. Femare Orcaxs removed from body—
Ovary much folded and distended with ova,
Oviduct distinct from OVary, anterior end u}rcll'mg heside gu]]ct, ||mte]-iur end in eloaca,
Ureter slender and opening into cloaca, posteriorly to oviduct,
Openings inte cloaca—Rectum.
Urinary bladder, on ventral side of rectum independent of ureter,
Owviduct, anterior to opening of ureter.
Ureter.
Fres, 9 10, Macricaiax Carsvie oF Human Kinyey—

Tubule with its rounded dilatation, the Malpighian capsule.

Glomer’ulus (L. 2 ball), the tuft of looped capillaries formed by afferent vessel from renal
artery, and uniting again to form an efferent vessel (vein), which breaks np into capil-
lariez om the wall of the tubule.

Epithelinm of capsule, glomerulug, and tubule,

Fre, 11. Maveieuiax Carsvne oF Froc's Kipsey
Epithelinm lining tubule, with cilia to expel the urine.

Fii:o 12, Ovos AaxND SpERMaToZo0N oF Coyyox Frosc—
Bpermatozoon, head muneh more slender than represented in figure.  Tail vibratile,

Tadpole or Larval Frog at different Stages.

Fros, 13, 14, Exrerxan Braxenr®, three on each side of neek.
Suckers, dilatations of the integument sceveting a sticky substance.
Horny jaws.
Operenlum or gill-cover beginning to form.
Fie, 15, Orercurus grown over gills, leaving only a small opening on left side for some time.
Hind-limbs appearing at firat as tubercles, fore-limbs hidden bJ.r ulmmulmn_
Fie. 16. HEan oF VERY YoUNG TanroLk, magnified—
Visceral elefts, six on each side of neck.
External branchize, two on cach side of neck (a third pair afterwards developed).
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FPLATE XXIII.
THE FROG‘——nmrihnmrﬁ
DEVELOPMENT—

Fic. 1. Ecas, natural size (see Pl XXIL fiz. 12, Egz magnified)—
r. Ovarian ova,
b. Laid eggs, surronnded by successive layers of albumen or white of egg secreted by the oviduet
and swelling up in water.
Fie. 2. TuprecsaTeED Eco showing successive stages in the process of velk-division—
The immediate result of this proeess is the formation of a morula {F), which by the soaking in
of fluid into its interior becomes a hollow sphere,
Dira. 1. DEVELOPMENT oF TaDPOLE—
Outer layer or epiblast,
a. Blastoderm or germinal membrane {Hiddla layer or mesoblast,
Inner layer or hypoblast (blue).
Medullary groove, a median longitudinal depression.
Lamine dorsales (L. dorsal plates) or meduollary folds, the epiblast raised np into folds on
each side of medullary groove,
Notochord or chorda dorsalis, the 1hrim"|t:i,1..'u axial column,
. Neural eanal formed by the wnion of the dorsal laminw, with neural arches in its walls.
Centra of spinal eolumn invest notochord, which persists both in the centres of the bodies
of the vertebrae and in the urostyle,
F. Bpirally-coiled intestine.
Large museular tail.
Chief phases in life of Tadpole shown in 'L XXIL.
Fig. 3. Ierfect Frog, tailless, in natural position,
CLASSIFICATION —

Sub- Kingdom—NVertebrata, because it possesses a vertebral column ; limbs with an internal
skeleton ; and a portal vein with a capillary network at both its ends, receiving the
capillaries of the alimentary canal, and distributing to the capillaries of the liver,

Class—Amphibia (Gr. amphi, both ; bies, life), becanse as a Tadpole it has gills, afterwards
lungs ; two condyles on the skull for articulation with the vertebral column ; and a cloaca.

Natwral Order—Anou'ra (Gr. a, withont ; oura, a tail), becanse devoid of tail and gills in
adult life,

Genws—Tlana,

Cloanennon Nane—Frog,

Comparative Histology of Frog and Man.
Fias. 4, 40 Broop-CoRrvscrLes—
Frog—large, oval, and nocleated.
Led el =
{ Human—smaller, round, and non-nucleated.
Colourless, like amoebee (see PL IX. fig, 4).
Fics. 5, bo. EpirHELIUM (v, epd, upon ; thalle, T grow) in its prineipal varieties—
a. Souamons (L. sguwama, a scale) or scaly.
b, Columnar or eylindrical.
e Ciliated.
Hpheroidal or glanduolar (see Pl. XXTIIL. fig. 11).
Fie. 6. a, b, . Coxyperive Tissve in its two principal varietics—
Wi Pianne Tosae ¥ ("hnn::ctin.'c-ﬁ.wm corpuscles, nucleated eells.
| Matrix, fibrouns.
YELLow Erastic Tissuk, resisting acetic acid.
Fra. 7 and Diac. 2. Verrican Section of EPIDERMIS oF EPITHELIUM,
Fic. 8 a, b, CARTILAGE or (GRISTLE—

e Matrix, granular.,
Cartilage :
Cartilage-cells, nueleated.






_ g - a y .
- '. - -
=
i o -
"_"'-. - e -
) s ) . :
la i &
% ' s
Iri ! ‘ ‘
- % . .
5 " -
B & =
'§ i
- . -




EDIBLE FAOG [RAHA ESCULENTA| CONT?
F-El Tranewrac Sactron: of Fomr ot Fraug

Fis2. T7 ol
1 nm.f-v;w.:m -l:h-rr-rwnh's!'

Feestoronta Bocern i
R
i A
s lr g
£

Fortad ighom g gl
COTETESER

] D Ry PR o

wrradloat Taner

ey Py Pl e L P T

Pt e o Sevor ooty

.-?rr.)- AT Gt iR

Fig- 5

& Fhe some hwmj .q.y.

et irpped mriede ]
|

Flg 8. Ao clls
&b e S i getrieplicer of Frog

B Sonr K .:-_'_pa!w.u'ﬁr.r.-r_

il == — = Nerclepnr .
W= 'h'llc'{.:d.rud, - e e

a e Spinal frd of Frog e ienan frinal

= 3
] ity of
< L, k

Fig 13 Forvotes & commaciive dewonts o Eye of Fay

firdl et Cime Paper

ll‘ﬂ':l‘:r srranlar fq_yn,-

b"’ T4 Ler mervia-r
Zasle a]‘;!l EF" e

J ‘. ﬁaw_.;lw:u.-.".c.u-
:’g o jﬂtg 'm

_Mu..r.w ~GaTlF
axekerheors aleerd

R,
Fig 7 Fmoorke: srnagodor e
g Frers K,

s by ertermend .'.'.'.mf.h.rg FoTr L AT P

PLATE XXV
Fig . wam ' Heenvare Ferenae

‘Haveraran. canals:

Fli‘ B

F

oo ’Erw-ﬂr'ﬂm.bm L T
e e
Ef'm
e
e

I

m
I

wilh dat i
Dermmuie | J
flis ~—Nerve-cell |

Hibres of Niller- - =M o0 -

; erve-1ipre -




49
PLATE XXIV.

THE FROG—MME nned,

CoMPARATIVE HisToLogy oF Frog axp Mas—eonfinaed,

Fii. 1. TrAXSVERSE SecTIoN oF Froc's FEMur—
Periostewm (Gr. pert, around ; osteon, a bone), the investing sheath of connective tissue.
Osteoblast layer (Gr. Wastos, a germ), conneetive-tissue corpuscles arranged in a layer.
Bone-cells derived from osteoblasts.
Concentrie lamella: of bony substance.
Fias. 2, 3, 4. TrANsvERSE AND LoXGITUDINAL SECTIONS 0F HARD coMPACT TissvE oF Humax HuMmerus—
Haversian eanals for blood-vessels to run through, seen branching in fig. 3.
Concentrie lamellz of bone round each Haversian canal.
Lacunz (L. hollows), oval spaces containing bone-cells (fig. 4).
Canaliculi (L. little canals), very minute tubes connecting the lacuna with one another.
Fies. 5, 6, 7. Muscunar Tissuvp—
Fic. 5. a, b. STRIATED ok Sreirep MuscLe oF Fros taken from thigh—
Sarcolemma (Gr. sarx, flesh; lemuea, a sheath), the enveloping structureless
sheath (not shown).
Fibrillae, the fibrils composing the fibre.
Nuelei, bronght out by acetic acid.
Fic. 6. Strirep Husaw MuscLe
Fibre dividing longitudinally into fibrille and transversely into disks.
Fic. 7. Saoord or vssTRIPED Muscvrar Fisres FroyM HUMAN ARTERIES—
Individual fibre-cells with {_'lung.'ll'.ml nielens,
Fros. 8, 9. Nervous Tissvg—
Fra. 8 g, {. NERVE-FIBRES—
Primitive sheath, the investing struetureless membrane,
NERVE-FIBRE Medullary sheath or white substance of Sehwann,
Axis-cylinder, the eentral part, fibrillated at origin and termination.

Mrscvnak Fierg

Fic, 9. NERVE-CELLS
Cranular protoplasm, nuelens and nuecleolus,
Processes or poles sometimes branched and continuous with axiscylinders of nerve-fibres,
Fic. 10, Liver-—
Hepatic or liver cells with nuelei.
Blood-capillaries in section, from the blood of which the cells secrete or strain off the bile.
dile-capillaries, minute passages shown as swellings between the cells.
Fiz. 11. EriperMmiz oF I'rog, surface view,
Fia. 12, Vertican Seetton or BN o Froc—
EripEryis . . . Cells flattened and hardened towards the surface, plump and soft deeper
down where produced.
Conneetive tissue, both varieties (PL. XXIIL fig. G).
Deruis or TRUE 5 Pigment-cells = connective-tissne corpuscles containing pigment.
SRIN ) Cutaneous glands, flask-shaped, lined by epidermis, and opening on the
l surface.
Fra. 13. Nervous axp Coxxective ELeuests oF RETisa oF Froc—
|-’lf_.'{'rr|.|:|1=:::ti'|.'e tissue holding the nervous elements together, and extending from

O KEECTIVE . _4 external limiting membrane at the base of the rods and eones to internal
\ iimil‘,illg membrane in contact with vitreous humour
Ll"ilu'u:i of Miiller (red), probably connecting the two limiting membranes,
Neevovs . . . toil and come layer (blue) projecting beyond connective tissue, and

embedded in choroid,
Fis. 14 Errrnenivs pros Nasan CoaMBER—
Epithelial cells, columnar, with outer ends broad and inner ends attenuated and branched.
Olfactory eells, between epithelial cells, with fine hairs (Frog) or small rods (Man) on outer fine
process, and inner probably coming into connection with olfactory nerve, henee the name.
G
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as unexcelled by anything yet published."—The Schoolmaster (referring to the 12-inch Globe).

The World: A C(lassical Atlas.

Containing 23 Full-Coloured Classical Maps, aud a Complete Index. Size of Maps, 15 by 12
inches; folded 8vo, 7% by 12, Full-bound ecloth, gilt, price 3s.

- - ——

The Unrivalled Classical Atlas.

Containing 23 Full-Coloured Classical Maps and a complete Index., Fancy Stiff Boards, cloth
back, price 3s. 6.  Full-bound cloth, 5s.

The Threepenny Atlas.

16 Full-Coloured Maps in Wrapper.

* v W& A K. Johnstow's Catalogue seat post free on application.
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W. & A. K. Johnston’s Recent Publications.
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Illustrations of Zoology and Comparative Anatomy.

By ANDREW WILSON, Pu.D. FR.P.S. E, erc., LECTURER oN Z00LOGY AND

CDMFA[-I.};TI\’E .:,f'!.EATGIlIY IN THE EDII‘;BT_’I{{:I{ :':‘IEﬂIC.\L L':jlll,llllil‘lf?ll'ar ETC,

No. XXII.—Sheet No. 1. Illustra- No. XXIV.—Sheet No. 3. Illustra-
tions of the Structure of Protozoa tions of Molluscoida and Mollusea.

and Ceelenterata.
G 2 No. XXV.—Sheet No. 4. Illustra-

No. XXIII,—Sheet No. 2. Illustra- tions of Vertebrate Animals.

tions of Echinodermata, Scolecida, |

and Annulosa.
The above are drawn and coloured under the direct superintendence of Dr.
Wilson, by whom the descriptive Handbook of each Sheet is written. The Illustra-

tions form a complete series adapted for giving instruction in Zoology to Secience

(lasses in Schools and elsewhere.

Size, 50 by 42 inches. Price on Cloth, Roller and Varnished, 12s. each,
Unvarnished, 10s. each ; on Cloth, folded up (Unvarnished), 12s. each. A Hand-

book is given (gratis) with each Sheet.

“These four very beantiful Sheets are executed in the best style of Messrs. Johnston, and
with the accompanying books explanatory of the fizures will be found of considerable advantage in
imparting knowledge in this department of Natural Philosophy. . . . They need only to be seen to

be highly appreciated.”—JZfrish Teacher’s Journal and Magazine, December 6, 1879,

“They are the most excellent things of their kind we have yet seen, finely selected, perfectly

executed, and easy to work with or lecture from."— The Teacher, November 8, 1879,

Yo W& A K Jolhnston's Catalogue sent post free on application.
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W. & A. K. Johnston’s Recent Publications.

Ilustrations of Natural History and Mineralogy.

Sheet No. 1. Mammalia. 135 Ilustrations. Sheet No. 4. Invertebrate Animals. 169 Illus-

Sheet No. 2. Birds. 145 Illustrations. trations. ;

Sheet No. 3. Reptiles, Amphibians, and Fishes, Sheet No. 5.  Mineralogy and Palmontology..
a6 Hustrations. 244 Tllustrations.

These Illustrations are beautifully printed in colours. Size, 50 by 42 inchez. Priee on
Cloth, Roller and Varnished, 152, each, Unvarnished, 13s. each; on Cloth folded up (Unvarnished),
13s. each. A Handbook is given (gratis) with each Sheet.

Leutemann’s Zoological Atlas, Animal Kingdom and
Ethnographical Heads.

Consisting of 52 carefully Colonred Wall Pictures showing typical specimens of the Animal
World, ete. These plates are very boldly drawn and coloured, rendering them clear and striking
even in a large schoolroom. Size, 34 by 26 iuches. Irice of each plate, 2s. in Sheet, or 4s. on
Cloth and Roeller, Varnished. Detailed list in special prospectuses.

Adopted by the principal School Boards in England. With Handbook. Full Coloured, 72
by 63 inches, Rollers and Varnished, £1, 1s,

Map of Bible Countries.

Size, 50 by 42 inches, Full Coloured. Combining the Old with the New Testament. With
Handbook., On Rollers and Varnished, 125,

i
Map of St. Paul's Travels.
Size, 33 by 27 inches, Full Coloured. With Handbook. On Roilers and Varnished, 6s.

Test or Qutline Map of Canaan and Palestine.

Without Names, Full Coloured. Size, 50 by 42 inches. With Handbook. On Rollers and
Varnished, 12s. Forming one of Johnston’s Series of Test or Outline Maps.

New School Map of Africa.

Showing Mr. Stanley’s and other recent discoveries. With Handbook. Size, 50 Ly 42
inches, on Roller and Varnished, 12s.

ENTIRELY NEW EDITION OF THE

School Map of New Zealand.

Showing the new Counties in complete detail, and all recently constructed Railways, With
Handbook, Size, 50 by 42 inches, on Roller and Varnished, 12s.

*.F W. & A K, Johnston's Calalogue senf post free on application.
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