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PHYLUM PROTOZOA. Animals in which there is one nucleus, or, if more than one nucleus, in which the nuclei art

disposed apparently irregularly and are not differentiated in relation to the functional tissues of the animal.

Class i. GYMNOMYXA. Naked forms without distinct cortical layer and capable of emitting pseudopodia.

Order i. LOBOSA. Simple forms with blunt pseudopodia.

Gymnamcebida. Without a shell. Ex. Amceba.

Thecamcebida. With a shell. Ex. Arcella, Difflugia.

Order i. FORAMINIFERA. Gymnomyxa with thread-like pseudopodia forming networks, and a shell the

outside of which is covered by protoplasm. Ex. Polystomella, Globigerina.

Order 3. RADIOLARIA. Marine Gymnomyxa with radiating pseudopodia, central capsule and an additional

skeleton of flinty needles. Ex. Collozoum, Thalassicola.

Order 4. HELIOZOA. Gymnomyxa with stiff radiating pseudopodia. Skeleton when present only in the

form of isolated needles. Ex. Actinospharium, Actinophrys.

Order 5. MYCETOZOA. Gymnomyxa of large size with branching pseudopodia. Reproduction by means of

cellulose-coated spores. The contents of many spores coalesce to form one individual. Ex.

Badhamia, Fuligo.

Class 2. CORTICATA. Protozoa with a distinct cuticle and almost always a distinct cortical layer.

Order i. CILIATA. Forms provided with cilia.

Holotrlcha. Ex. Paramcecium.

Heterotricha. Ex. Stentor.

Hypotricha. Ex. Stylonychia, Kerona.

Peritricha. Ex. Vorticella.

Order i. ACINETARIA. Forms provided with sucking tentacles. Ex. Acineta.

Order 3. FLAGELLATA. Forms provided with flagella.

Lissofiagellata. Ex. Polytoma.

Choanoflagellata. Ex. Monosiga.

Phytoflagellata. Ex. Volvox.

Dinoflagellata. Ex. Ceratium.

Cystoflagellata. Ex. Noctiluca.

Order 4. SPOROZOA. Parasitic forms, devoid of mouth, cilia, flagella or tentacles. The younger stages, at

least, are cell parasites.

Gregarinida. Ex. Monocystis.

Coccidiida. Ex. Coccidium,

Haemosporidia. Ex. Malarial Parasite.



PROTOZOA.

GYMNOMYXA.

LOBOSA.

i. Amoeba. Examine alive, then irrigate with . J p.c. solution of osmic acid. Wash with water

and stain by irrigating with picrocarmine. When the nucleus becomes bright red wash again with

water. Then run in dilute glycerine and finally strong glycerine, sealing with gold size.

2. Arcella. sh. shell; a. aperture of shell; n, n. nuclei; f.v. contractile vacuole;/*. pseudopodia;

/ b. food particles ; g. v. gas vacuoles.
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PROTOZOA
FORAMINIFERA.

3. Polystomella. Examine (a) alive in watch-glass, to see the external protoplasm and the

pseudopodia, (b) transferred to slide using the high power of the microscope. Then kill with osmic

acid, decalcify in 5 p.c. acetic acid, stain with picrocarmine and mount permanently, to see nuclei

and cell-chambers.

4. Shells of Foraminifera. Calcareous.





PROTOZOA
HELIOZOA.

5. Actinosphaerium. (a) Floating in water in watch-glass. Low power. () Mount on slide,

supporting coverslip by two narrow strips of gummed paper. Examine with high power, (c) Stain as

in case of Amoeba, to show nuclei, ex. ectoplasm ;
en. endoplasm ; ps. pseudopodia ;

c. v. contractile

vacuole
;

ax. axes of pseudopodia (ps. ) ; gr. granular cortex of pseudopodia ;
v. ex. vacuoles of

ectoplasm ; f. v. food balls in endoplasm.





PROTOZOA
6. Actinophrys. Stained to show single nucleus with osmic and picrocarmine. Draw with high

power, ex. ectoplasm ;
en. endoplasm ;

n. nucleus ; PS. pseudopodia ;
c. v. contractile vacuole.

7. Shells of Radiolaria. Mostly siliceous.
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PROTOZOA
MYCETOZOA.

8. Various Mycetozoa to show (a) spore-fruit, (b} burst spore-fruit showing capillitium, (c) creeping

plasmodium. Note rhythmic character of flow of protoplasm, (d} plasmodium killed and stained to

show nuclei.





PROTOZOA
CORTICATA.

ClLIATA.

i. (a) View of a Paramcecium mounted in gum to restrict movement. The animal is easily

visible to the naked eye, if black paper be used as a background, (b} Various phases in the

disappearance and reforming of the contractile vacuole.
(<:)

Paramcecium stained by irrigation with

methylene blue, (d) Fed with indian ink. Watch the rotation of the food vacuoles, the entrance of

the ink masses into the endoplasm, and their extrusion from the temporary anus.

Long adoral cilia, cilia, ectoplasm, endoplasm ; food vacuoles
;

outer part of ectoplasm with

trichocysts ;
contractile vacuoles (two) in diastole

;
same in systole ;

vestibule
; ossophagus ; position of

anus
;
macronucleus ;

micronucleus. (Chlorophyll grains are present in some species.)
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PROTOZOA
ClLIATA FROM THE RECTUiM OF THE FROG.

2. Opalina ranarum. A mouthless holotrichous form.

3. Nyctotherus cordiformis. A heterotrichous form, pharynx, contractile vacuole, nucleus,

anus (permanent).

4. Balantidium entozoon. A heterotrichous form. Four contractile vacuoles, mouth, nucleus.

(a) Examine alive in a drop of the rectal fluid, (b} Stain as in Amoeba, (c) Irrigate fresh drop of

fluid with methylene blue.

5. Stentor. A heterotrichous free-living form.
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FLAGELLATA.

PROTOZOA

i. Polytoma uvella. Smear a drop of the fluid over the slide and examine the drying edges,

where the animals will be more or less still, fl. flagella ;
c. v. contractile vacuoles

;
n. nucleus.

Look for forms undergoing fission.

Add iodine. The flagella are seen more distinctly.

2. Euglena viridis. Gullet, pigment spot, flagellum, contractile vacuole, nucleus.

Kill with iodine.
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PROTOZOA
3.

Volvox. (a) Alive and rotating in the water, (b) Removed to slide and slightly compressed

by coverslip, supported on strips of paper, (c) Killed with iodine.

Individuals of colony; connecting threads; flagella; parthenogonidia ; female reproductive cell

(macrogonidium) ; male reproductive cell dividing into microgonidia.
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PROTOZOA
SPOROZOA.

GREGARINIDA.

i. Free Monocystis from the sperm rosettes in the vesicula seminalis of the Earthworm. High

power. cor. cortical substance
;

med. medullary granular substance
;

nu. nucleus
; n, m. successive

changes of form of the Gregarine.

N.B. Open the Earthworm from the dorsal side in salt solution. Remove alimentary canal

carefully and open median vesicula seminales. Note white threads streaming from the sperm rosettes

which are the Monocystis. Cut off small part of rosette with attached parasite and examine in

75 p.c. salt solution.

2. Cysts from amongst developing spermatozoa in the lateral vesiculae seminales. (a) With two

unbroken individuals ; (b) the encysted individuals fused and more or less broken up ; (c) with young

lemon-shaped pseudonavicellae ; (d} with complete pseudonavicellse ; (e) enlarged drawing of a single

pseudonavicella seen under the highest available power, es. spore-case.
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PROTOZOA
3. Clepsidrina blattarum from the chylific ventricle of the cockroach; anterior chamber

(protomerite) ; posterior chamber (deuteromerite) ; anterior knob for attachment (epimerite) generally

absent; nucleus; nucleolus; cortical substance; medullary substance.





PHYLUM PORIFERA. Organisms consisting of a dermal layer of flattened cells and a gastral layer offlagellate collar cells

(choanocytes), separated by a gelatinous mesoglcea containing generative and skeleton-secreting cells. Numerous canals

communicate between the gastral cavity and the exterior.

Class i. CALCAREA. With calcareous spicules. Ex. Leucosolenia, Grantia.

Class 2. HEXACTINELLIDA. With siliceous spicules of triaxonic (sex-radiate) type. Ex. Euplectella.

Class 3. DEMOSPONGI.ffi. Skeleton composed either of siliceous spicules of various types (never triaxonic) or of

spongin, pure or combined with spicules or foreign bodies. Ex. Oscarella, Spongilla (freshwater),

Euspongia (bath sponge).
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PORIFERA
PORIFERA.

1. Leucosolenia. Simple calcareous sponge (Ascon type). Osculum. The surface is rough with

projecting calcareous spicules.

2. Grantia. Calcareous sponge (Sycon type) : colonial form. Narrow elongated oscula.

3. Transverse section through Leucosolenia. Gastral cavity with collar-cells
;

radial canals
;

mesoglcea with ova
; spicules. Draw outline from low power, fill in details from high power of

decalcified specimen.
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PORIFERA
4. Transverse section through Grantia. Gastral cavity ; flagellated chambers (with collar cells) ;

inhalent pores (prosopyles) ; apopyles ; inhalent canals.

5. Examples of Hexactinellida and Demospongise.



PHYLUM CCELENTERATA. Radially symmetrical animals with only one body-cavity the gastrovasculat space which

serves alike for digestion and circulation.

A. With nematocysts.

Class i. HYDROZOA. Coelenterata in which the medusa has a velum and the polyp is without an oesophagus and

mesenteries.

Order i. HYDRIDA. Solitary polyps without medusa stage. Ex. Hydra.

Order 2. HYDROMEDUS^i. Forms generally possessing both polyp and medusa stages.

/Campanularidse. Ex. Campanularia, Obelia.

Sub-order i. Calyptoblastea (Leptomedusre). /Sertularidae. Ex. Sertularia.

(Plumularidae. Ex. Plumularia, Antennnlaria.

Sub-order i. Gymnoblastea (Anthomedusae). Ex. Pennaria, Tttbularia, Hydractinia, Lizzia.

Order 3. NARCOMEDUS/E. Ex. Mgina.

Order 4. TRACHYMEDUSJE. Ex. Geryonia.

Order 5. SIPHONOPHORA. Free-swimming polymorphic colonies. Ex. Diphyes, Physopkora, Physalia, Velella.

Order 6. HYDROCORALLIN^. Colonial forms with calcareous skeleton. Ex. Millepora, Stylaster.

Class i. ACALEPH.S. Medusae of large size with gastral filaments and endodermal gonads : without true velum.

Ex. Lucernaria, Aurelia, Pelagia, Rhiwstoma.

Class 3. ACTINOZOA. Polyps with oesophagus and mesenteries. Without medusa stage.

Order i. ALCYONARIA. With eight pinnate tentacles and eight mesenteries. Ex. Alcyonium, Pennatula, \

Gorgonia, Tubipora.

Order 2. ZOANTHARIA. With smooth tentacles. These are usually secondary and tertiary mesenteries.

Ex. Actinia, Peachia (sea anemones), Lophohelia, Fungia, Madrepora.

B. Without nematocysts.

Class 4. CTENOPHORA. Ccelenterates with a secondarily acquiied bilateral symmetry. Eight meridional rows of

vibratile plates formed of fused cilia. With oesophagus. Ex. Pleurobrachia, Beroe, Cestus.
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HYDROZOA
HYDROZOA.

HYDROMEDUS^E.

i. Colony of Obelia (as type of Calyptoblastic Hydroid). Ccenosarc; perisarc; hydrotheca; gono-

theca; blastostyle; medusa-bud. The material of Obelia and other hydroids is given to the student

preserved in 70 p.c. alcohol. It should be stained in borax carmine (in 50 p.c. alcohol), dehydrated

and mounted in Canada balsam.

2. Medusa of Obelia (type of Leptomedusse). Tentacles of edge of umbrella
;
manubrium

; the

four gonads ; the four radial canals
; the eight otocysts.
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HYDROZOA
3. Colonies of other Calyptoblastea. (a) Sertularia, sessile polyps on both sides of branch.

) Antennularia, sessile polyps on one side of branch
; nematocalyces.

4. Pennaria. A colony of hydroids of the Gymnoblastea.

5. Lizzia. (Type of the Anthomedusae). Manubrial gonad; groups. of marginal tentacles; ocelli.
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HYDROZOA
6. A single polyp of Tubularia (Gymnoblastic Hydroid) removed from the colony and examined

with a simple lens.

Circumoral tentacles ; gonophores, on branched processes of the body wall
; large tentacles ; small

globular swelling at the base of the body passing into ccenosarc.

7. Longitudinal section through a polyp of Tubularia. (Low and high powers.) Mouth ;

ectoderm
;
endoderm of enteron

;
en. tent, solid axis of the tentacle, consisting of modified, much

vacuolated endoderm cells
; nematocysts ;

circumoral tentacles
; gonophores and stalk of gonophores ;

oral tentacles
; globular swelling ; ccenosarc.
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HYDROZOA
8. Transverse section of a Tubularian polyp near the mouth. (Low power.) Axes of oral

tentacles prolonged for a short distance down the body ; ectoderm ; endoderm.

9. Bunch of female gonophores of Tubularia stained slightly. In ripe gonophores observe

umbrella cavity ; rudimentary tentacles
;
manubrium with gonad ; embryo in sub-umbrellar cavity.

Look out for stages showing development of gonophores.
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HYDROZOA
10. Geryonia. One of the Trachymedusae, no hydroid phase. Long manubrium

;
six radial

canals ;
six tentacles ; velum.

11. View of part of margin of disc of Geryonia showing tentaculocyst.

12. Transverse section through the edge of the disc of Geryonia. (High power.)

Thickened ectodermal ring ;
velum

; tentaculocyst ;
n. i upper, n. 2 lower nerve-rings ; circular canal

sub-umbrellar ectoderm
; gelatinous tissue.
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HYDROZOA
SlPHONOPHORA.

(a) Physophora hydrostatica. Pneumatophore ; nectocalyces ; dactylozooids ;
nutritive polyps

(hardly distinguishable) in the midst of dact.
; tentacles with lateral branches terminated by batteries

of thread cells.

(V) Physalia with large pneumatophore and long tentacles.

(c)
Velella with diagonal crest on the pneumatophore.
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ACALEPH^E.
ACALEPHJE

1. Aurelia aurita. Small marginal tentacles ;
8 sense tentacles

; 4 sub-genital pits and 4 groups

of gastral filaments in the radii of four of the sense tentacles; 4 oral arms in the radii of the other

four sense tentacles; the pseudo-velum; 16 radiating canals, those in the radii (radial) of the 8 sense

tentacles branch, the others (adradial) do not; circular canal.

2. Examine a sense tentacle first in situ, and then in watch glass with low power to see protective

folds of umbrella; otoliths.
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ACALEPHJE
3.

Rhizostoma. Branching mouth-bearing processes from manubrium
;
sense tentacles. Absence

of velum and tentacles.

4. Pelagia noctiluca. Note the 16 gastral pouches. Gonads; marginal notches and sense

tentacles ;
8 long marginal tentacles ; sub-genital pits.

5. A Hydratuba or Scyphistoma.
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ALCYONARIA
ACTINOZOA.

ALCYONARIA (OCTACTINIA).

i. Alcyonium palmatum. Naked eye and hand lens. Coenenchyma; polyps extended; pinnate
tentacles of polyps.

2. Transverse section through a polyp of Alcyonium, at the cesophageal region. Body-wall;

oesophageal wall
;

ciliated groove of latter ; mesenteries ; mesogloea of oesophagus with spicules ; longi-

tudinal muscles of mesenteries.

3. Transverse section through a polyp of Alcyonium, below the end of the oesophagus.
Mesenteric filaments.
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ALCYONARIA
4. Section of undecalcified ccenenchyma of Alcyonium made by hand ; spicules ; polyp tubes

with mesenteries [and ova].

5. Corallium rubrum. Axial skeletal rod of red coral, covered by soft ccenenchyma; polyps

extended.

6. Pennatula (sea feather). Axis of colony containing a hard skeletal rod, and without branches

on its basal portion ; feather-like branches with polyps along one edge.





ZOANTHARIA
ZOANTHARIA (HEXACTINIA).

1. View of a Peachia opened along one side. Tentacles partly or entirely retracted. Body wall;

mesenteries (twelve) ; secondary mesenteries
; mesenteric filaments

; gonads ; oesophagus laid open ;

oesophageal groove, projecting lip of same.

2. View of the face of a mesentery. Gonad, filament as in i; longitudinal muscle of mesentery.

3. Transverse sections of Peachia (a) at the level of the oesophagus, (b] below the end of the

oesophagus.
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ZOANTHARIA
4. A sea-anemone with tentacles expanded (Anemonia sulcata). Aboral disc for attachment ;

tentacles
;
mouth.

5. A colonial coral-forming Zoantharian (Asteroides calycularis). Polyps, some expanded and

some retracted, with mouth and tentacles ; thecae or cups of calcareous matter with radiating septa.

6. The dried theca of a solitary coral-forming Zoantharian (Fungia). Septa.

7. Dried skeletons of different forms of corals, (a) Lophohelia, (b] Oculina. Theca; septa;

costse.
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CTENOPHORA.
CTENOPHORA

Cydippe. Rows of ciliated plates; wide oesophagus (stomach); tentacles; gastro-vascular canals.

Examine Beroe and Cestus.









PHYLUM PLATYHELMINTHES. Flat worms without an anus. Excretory system as fine canaliculi ending in flame-

cdls. Generative organs complicated and generally provided with vitellaria. Hermaphrodite. No body cavity or vascular

system.

Class i. TURBELLARIA. Free-living Platyhelminthes covered with cilia: with muscular protrusible pharynx.
Classified according to the structure of the alimentary canal.

Order i. ACCELA. Gut solid. Ex. Convoluta.

Order 2. RHABDOCCELA. Gut hollow, rod-shaped. Ex. Mesostoma.

Order 3. TRICLADA. Three main branches to gut. Generative opening single. Ex. Dendrocalurn.

Order 4. POLYCLADA. Numerous branches to gut. Generative opening double. Ex. Thysanozoon.

Class 2. TREMATODA. Parasitic Platyhelminthes with suckers and hooks and forked alimentary canal. Without

cilia.

Order i. MONOGENEA. Trematodes with direct development. Ex. Polystomum.

Order 2. DI6ENEA. Trematodes with alternation of hosts. Ex. Distomum.

Class 3. CESTODA. Parasitic Platyhelminthes with suckers and hooks on the head, and a chain of sexual proglottides

breaking off when ripe ; no mouth or alimentary canal. Ex. T<znia, Bothriocephalus.
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TURBELLARIA
TURBELLARIA.

1. Dendrocoelum. A fresh-water Triclad
; naked eye or simple lens. Eyes; pharynx; terminal

portions of generative ducts
;

enteric caeca.

2. The same compressed with low power to show genital organs, pharynx, etc. more in detail.

With high power observe cilia and rhabdites.
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TURBELLARIA
3.

Transverse section of a Planarian, through pharyngeal region (low power : the details to be

drawn with a high power). Pharynx ; pharynx-sheath ; epidermis ; enteric caeca
; longitudinal nerve-

cords ;
testes.

4. Mesostoma seen as a transparent object with a low power. Cerebral ganglia with two eyes ;

enteron
;
mouth ; generative opening ; uterus possibly containing winter or summer eggs ; yolk-glands

testes
; penis ; ovary ;

muscular sac. Under high power notice flame-cells.
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TREMATODA
TREMATODA.

1. Distoma hepaticum, the liver fluke. (Simple lens.) Anterior, ventral sucker; genital pore.

2. Another specimen (stained), in which the excretory system has been injected. (Low power.)
Testes

; yolk-glands ; uterus.
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3-
Redia of Distoma. (Low power.) Pharynx; contained Cercariae.

4. Cercaria under high power, with suckers and tail.

TREMATODA

5. Polystoma integerrimum from frog's bladder. (Simple lens.) Mouth on anterior sucker;

disc with circle of suckers at hind end of ventral surface; two lateral papillae.
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CESTODA
CESTODA.

1. Taenia solium. (Naked eye.) Head (scolex) ; chain of proglottides ; genital opening.

2. Head of Taenia. (Low power.) Suckers; rostellum; hooks; budding zone.

3. Cysticercus pisiformis, from rabbit, being the cystic stage of T. serrata of the dog. (Lens.)
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CESTODA
4. (0) Sexually mature proglottis of Taenia, stained, cleared in oil of cloves and mounted in

Canada balsam. Draw (low power) : genital pore ;
vas deferens

;
cirrus ; vagina ; testes ; ovary ; yolk-

glands ; excretory canals. With high power see calcareous bodies.

(b} Old proglottis ready to separate from chain. Branching uterus full of eggs in various stages.

5. Transverse section through an adult proglottis of Taenia. Cuticle; cortical layer consisting of

fusiform cells, intermediate layer, longitudinal muscles, circular muscles; inner zone with testes, uterus;

large and small excretory canal; lateral nerve-cord; calcareous bodies.
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CESTODA
6. Ccenurus cerebralis. The cystic stage of Tsenia coenurus from the brain of a sheep.

Numerous scolices projecting from the wall of the vesicle.

7. T. echinococcus ; cyst in human liver.

5. Schistocephalus dimorphus from the Stickleback (Gasterosteus).









PHYLUM NEMATODA. Round worms, generally much elongated, with a single layer of longitudinal muscles in the

body wall. Nervous system as a ring in the anterior part of the body giving off nerves backwards and forwards

Body cavity but no vascular system. Male generative organs open into cloaca. Amceboid spermatozoa. Often parasitic

Ex. Ascaris, Filaria, Trichina, Rhabditis.
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NEMATODA
NEMATODA.

i. Ascaris lumbricoides. Female dissected. (Esophagus; intestine; vagina dividing to form

the two uteri, which pass backwards to the hind end of the body where they bend round and

are continued forwards as the slender oviducts. The oviducts soon become continuous with the

convoluted ovaries.

Male dissected. (Esophagus, intestine as above (hind end of intestine pinned on one side) ; vas

deferens passing into testis a convoluted tube; copulatory spicules in sheaths.
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NEMATODA
2. Transverse section of Ascaris. (Low power.) Cuticle; epidermis; layer of longitudinal muscles;

large lateral line of granular matter continuous with the epidermis and containing the excretory

canal ;
less conspicuous dorsal and ventral lines ; intestine (or oesophagus) ;

sections of ovary or

testis; section of the two uteri; or section of vas deferens.

3. Transverse section of muscular fibre of Ascaris. (High power.) Contractile cortical layer;

granular inner mass; (nucleus).





4. Trichocephalus dispar in human colon.

5. Encysted Trichina.

37

NEMATODA

6. Various free-living nematodes (Rhabditis or Diplogaster). In male note especially copulatory
spicules and bursa.



PHYLUM ANNELIDA. Segmented worms usually -with well-developed ccelom and metamerically segmented nephridia.

Canalicular vascular system. Nervous system with cerebral ganglia, otsophageal ring and ventral nerve-cord with

a ganglionic swelling in each segment.

Class i. CH^TOPODA. Annelida with bristles (chaetse) secreted in pits of the ectoderm and serving as organs of

locomotion.

Order i. OLTGOCH&TA. Chsetopoda without parapodia or tentacles : hermaphrodite with localised generative

organs. Development direct.

Sub-order i. Terricolse. Ex. Lumbricus, Allolobophora.

Sub-order 2. Limicolse. Ex. Nais, Tubifex, Chatogaster.

Order i. POLYCH.STA. Chsetopoda with chsetae generally arranged in bundles and carried on outgrowths
of the body wall (parapodia). Head with tentacles and palps : the sexes are separate and the

generative products are developed from the ccelomic wall throughout the body. Generally with

a Trochosphere larva. Ex. Nereis, Aphrodite, Eunice free-swimming forms : Terebella, Arenicola,

Filograna tubicolous forrns.

Class 2. HIRUDINEA. Annelida without chsetse and parapodia, moving by means of a terminal ventral sucker, the

mouth acting as an anterior sucker, and living on the juices of other animals; ccelom much reduced

hermaphrodites with direct development.

Order i. RHYNCHOBDELLIDJE. Ex. Clepsine, Pontobdella.

Order i. GNATHOBDELLID.E. Ex. Hirudo, Nephelis.

I
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OLIGOCH.ETA
CH^TOPODA.

OLIGOCH^ETA.

1. Nais proboscidea. (Low power.) Avoid too much pressure by using small slips of paper to

support the cover.

Mouth; proboscis; eyes; groups of hooked ventral setae; long dorsal hair-setae; pharynx, seg-

ments i 4; oesophagus, segments 5 7; crop; intestine; rectum; sacs in which the setae are

imbedded ;
muscles of setigerous sacs. (The hair-setae are first found in the 5th segment, in which

however they are shorter than in the succeeding.) Dorsal vessel; dilated lateral vessels placed

immediately in front of a septum in segments 3, 4, and 5 ; nephridia best seen in dorsal view (ist

nephridium in 6th segment) ; [testes in 5th segment, ovaries in 6th, atrium and opening of vas deferens

in segment 6
; receptaculum seminis in segment 5 ; vesicula seminalis and ovarian sac unpaired and

extending some way back] ;
zones of fission visible in some specimens.

2. With a high power draw

Brain
; body-cavity septa ; nephridium ;

funnel opening of nephridium into ccelom
; tactile hairs.
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POLYCKflETA
POLYCHJETA.

1. Dorsal view of head of Nereis. Prgestomium, with eyes, tentacles and palps; tentacular cirri

(cirri of ist and 2nd segments fused with head).

2. Parapodium of Nereis. Notopodium and neuropodium, each with two or three lobes ;

notopodial cirrus; neuropodial cirrus; acicula; setae.

3. Heteronereis (sexual) form. Enlarged eyes : modified posterior segments.

4. Parapodium of Heteronereis form : flattened expansions of parapodia : oar-shaped setse.
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POLYCH^ETA
5. Lateral view of part of body of Eunice. Parapodia, with their setae, cirri and gills.

6. Parapodium of Eunice mounted as section.

7. Dorsal view of Hermione or Aphrodite. Elytra ; setse
;

cirri ; head, with tentacles and cirri.

[In Aphrodite the elytra are concealed by a felt-work of fine hairs.]
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POLYCH5ITA
8. Arenicola. Mouth

;
anus

; parapodia (very rudimentary) ; gills.

9. Spirographis. Tube; parapodia; branchial filaments.

10. Filograna (Serpulid). In 70 p.c. spirit, decalcify with weak nitric acid, stain in borax carmine

and mount in Canada balsam. Tentacles (modified palps); parapodia; thoracic membrane (fused

cirri) used in moulding tube ; individual budded off posteriorly.
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HIRUDINEA
HIRUDINEA.

THE MEDICINAL LEECH.

i. Hirudo medicinalis. A dorsal, and B ventral aspect, of a medicinal leech killed by chloroform

vapour. Annuli (95 in number), superficial constrictions, of which, in most regions, five appear to

make up one segment or metamere as indicated by the deep-lying organs ; oral sucker and mouth ;

posterior sucker; anus dorsad of the sucker; penis between 24th and 25th annulus, counting from

the edge of the mouth; eyes (5 pairs).
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HIRUDINEA
2. The Leech opened by a median dorsal incision extending from the posterior sucker to the

prostomium. The eleven pairs of alimentary caeca (belonging to the same segments, respectively,

as the 4th i4th post-oral ganglia); vessels (dorsal and lateral trunks) containing blood coloured

red with haemoglobin. Median rectum corresponding to the last eight ganglia ;
rectal caeca ; anus ;

seventeen pairs of nephridia existing in the same segments as the 2nd to the i8th post-oral nerve

ganglia inclusive, though the first is in the same horizontal line with the third post-oral ganglion.

3. Remove the alimentary canal and expose the nephridia, generative organs and nerve-cord.

The nine pairs of testes, the first lying in the same segment as the 8th post-oral ganglion, and

between the 6th and 7th pairs of nephridia; the epididymis on each side in the 7th post-oral;

the vas deferens on each side ;
the penis opening in the middle line behind the 6th post-oral

ganglion ; the pair of ovaries
;

the glandular enlargement of the oviducts (albumen gland) ; the vagina

opening in the middle line behind the seventh ganglion ; the seventeen pairs of nephridia numbered
;

the twenty-three post-oral ganglia of the nerve-cord ; the supracesophageal ganglion ; cesophageal

passage between the cerebral ganglion and the ist post-oral ; the double nerve-cord enclosed in

ventral sinus.
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HIRUDINEA
4. Transverse section through a Leech under low power. Epidermis ; alimentary canal ; connective

tissue and muscles of the body ;
dorsal sinus

;
ventral sinus enclosing the nerve-cord ; lateral vessel ;

fine capillary branches of vascular system ; nephridia ; vas deferens ; unicellular glands dipping into

body muscles from the epidermis ; longitudinal muscular fibres ; external circular muscular fibres
;

dorso-ventral muscles.

5. Sections from the anterior extremity to show the eyes and special sense organs.



CRUSTACEA. Aquatic arthropoda usually with two pairs ofantenna on the head and breathing by gills.

Class i. ENTOMOSTRACA. Small Crustacea with a variable number of segments and appendages. Larva, when

present, has the Nauplius form.

Order i. PHYLLOFODA. Entomostraca with leaf-like swimming feet and usually a carapace or bivalve shell

formed by a reduplication of the skin. Ex. Apus, Daphnia.

Order 2. OSTEACODA.

Order 3. COPEPODA. Entomostraca without shell-forming reduplication of the skin. Swimming feet biramous.

Abdomen without appendages. Ex. Cyclops.

Order 4. CIRRIPEDIA. Fixed and for the most part hermaphrodite Entomostraca with indistinctly segmented *

body enclosed by a reduplication of the skin and a calcareous valved shell. Usually six pairs of

biramous thoracic appendages. Ex. Lepas, Balanus, Sacculina.

Order 5. TRILOBITA. Palaeozoic Entomostraca with one pair of antennae.

Class 2. MALACOSTRACA. Crustacea with a definite number (20) of segments and appendages. Larva when present

usually has the Zooea form.

Order i. ARTHROSTRACA (Edriopfcthalmata). Malacostraca with sessile eyes, one pair of maxillipeds, seven

free thoracic segments, without thoracic carapace.

Sub-order i. Amphipoda. Ex. Gammarus.

Sub-order 2. Isopoda. Ex. Oniscus, Asellus.

Order 2. THORACOSTRACA (Podophthalmata) . Malacostraca with eyes which are often stalked ; with a

dorsal shield which connects all, or at least the anterior thoracic segments with the head.

Sub-order i. Cumacea.

Sub-order 2. Stomatopoda. Ex. Squilla.

Sub-order 3. Schizopoda. Ex. Mysis, Euphausia.

Suborder 4. Decapoda. Ex. Astacus, Cancer.



45

PHYLLOPODA
CRUSTACEA.

i. Apus, dorsal view. Carapace; backwardly projecting free portion of same; transverse

groove marking junction of these two parts ; eyes ; externally segmented posterior part of body ;

terminal setae.

Ventral view. Notice that the anterior legs are pediform and stout, the posterior foliaceous and

delicate. The posterior six segments are without appendages.

2. Appendage of Apus (typical Phyllopod appendage). Corm or axis of limb, bearing 6 endites,

and 2 exites the flabellum and bract. Endites 5 and 6 correspond to the exopodite and endopodite
of the appendages of Astacus, and the flabellum to the epipodite. In some legs there is an apical

lobe beyond the endite 6.
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PHYLLOPODA
3. Daphnia, the water-flea. Mount on slide, and keep in place by supported coverslip. Low

power. Head
;

fused compound eyes ; median simple eye ;
first pair of antennae (rudimentary but

seen with high power) ; second pair of antennae, large and biramous with long bristles bearing

delicate hairs ; mouth ; hepatic diverticula of anterior part of alimentary canal
;
heart

;
brood pouch,

probably containing ova or embryos ;
thoracic appendages ;

abdomen curved ventralwards within

the valves of the shell, which is formed by the prolonged lateral halves of the carapace ;
anus terminal

and slightly dorsal ;
terminal setae.

Notice the circulation of the blood as shown by the movement of the corpuscles.
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COPEPODA
i. Cyclops, dorsal view. Steady the animal with a coverslip on a slide. (Low power.) Carapace;

eye; ist and 2nd pairs of antennae (uniramous) ;
four appendage-bearing thoracic segments behind

the cephalo-thorax ;
ist abdominal segment, double in the male, single in the female. The generative

openings are on this segment and the ovisacs are attached to it; three posterior abdominal segments,

of which the last bears the caudal fork; genital gland in the thorax; alimentary canal.

Segments as follows :P/ant. i.

ant. 2.

Head < mandibles.

I maxilla i.

vmaxilla 2.

Thorax, maxillipeds (uniramous).

5 pairs of biramous appendages (last much reduced).

Abdomen without appendages. 5 segments in males, 4 in females.
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CIRRIPEDIA
1. Lepas, side view. Scutum; tergum; carina; opening of shell; peduncle.

2. Lepas, side view, with shell and mantle of one side removed. Oral cone; gills attached to

base of anterior thoracic legs; thorax with six pairs of biramous legs; abdomen rudimentary and

continued as penis, just dorsal to root of which is anus; testicular follicles, on sides of prosoma and

thorax.

Cut open peduncle and observe ovaries. Examine the inner side of the uninjured mantle for

ovigerous frenum, to which may be attached the ovarian lamella.
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CRUSTACEAN LARV.E.

Nauplius larva with three pairs of appendages, the future ist antennae (uniramous), 2nd

antennae and mandibles (biramous) ;
the single median eye. The unjointed carapace may be prolonged

into long spines.

*

Zoaea larva, cephalothoracic shield with spines ; free abdominal segments ; forked telson
; com-

pound stalked eyes.

The appendages in a typical Zoaea are:

Two pairs of antennae.

Mandibles without palp.

Two pairs of maxillae.

Two pairs of maxillipeds.
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AMPHIPODA
Gammarus fluviatilis. Side view.

ist antenna; 2nd antenna; head (with which the ist thoracic segment is fused); oral appendages;

eyes; the seven free thoracic segments; the six abdominal segments.

Appendages of G. fluviatilis, mounted and seen with low power :

antenna i.

antenna 2.

mandible,

maxilla i.

maxilla 2.
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ISOPODA
Asellus aquaticus.

1. Dorsal view of the entire animal, examined in a watch-glass. Head; eyes; the seven free terga

of the thorax (the tergum of the ist thoracic segment is obsolete); single piece representing the

fused abdominal segments (the ist abdominal segment may perhaps be seen as a minute free ring) ;

ist antennae; the much longer 2nd antennae; the seven pairs of ambulatory limbs; the bifurcated

6th abdominal appendages.

(In small and transparent specimens: alimentary canal; liver.)

2. Ventral view. Abdominal appendages ; brood-pouch in female, formed by the oostegites, processes

of the thoracic appendages.





52

DECAPODA
Carcinus, common shore-crab. Note the short 2nd antennae, the reduced abdomen, wide in the

female with four pairs of biramous ovigerous appendages, narrow in the male with two pairs of appendages

only, forming copulatory styles.



Class 2. ONYCHOPHORA. Tracheates with a soft skin, paired segmental nephridia and numerous similar leg-bearing

segments. The head is not marked off from the body and bears one pair of antennae, one pair of

jaws and one of oral papillae. Tracheal stigmata diffusely scattered. Muscular fibres unstriated.

Ex. Peripatus.



53

PERIPATUS
ONYCHOPHORA.

PERIPATUS CAPENSIS.

1. Ventral view.

Antennae; oral papillae; mouth; lips; jaws; the seventeen pairs of legs; generative opening; anus.

2. . Dorsal view of head to show the eyes. (Simple lens.)

3. Peripatus dissected so as to show the general anatomy.

Brain
;

ventral nerve trunks ; pharynx ; oesophagus ; intestine ; rectum ;
slime glands ; reservoirs of

slime glands ; salivary glands ;
testis and vas deferens, or ovary, uteri and vagina.



Class 3. MYRIAPODA. Tracheata with numerous similar leg-bearing appendages and with one pair of antenna;.

Tracheal stigmata regularly and segmentally arranged.

Order i. CHILOFODA, with three pairs of jaws (mandibles and two pairs of maxillae) and a pair of poison

claws. One pair of legs to each body segment. Ex. Lithobius, Scolopendra.

Order 2. DIPLOPODA, with two pairs of jaws (mandibles and maxillae). Body consisting of numerous double

segments. Ex. Julus.
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MYRIAPODA
MYRIAPODA.

1. Lithobius. Ventral view. Antennae; head; ist body segment, with poison claws; broad sterna

of body segments ; ambulatory appendages.

In side view note stigmata in alternate segments.

2. JAWS of same. Mandibles; 2nd maxillae; ist maxillae united in the median line; poison claw

(appendage of ist post-cephalic segment).

3. Julus. Note short antennae, cylindrical body, narrow sterna, numerous legs (two to each

segment of the body).

4. JAWS of same. Mandibles; maxillae as a four-lobed plate.



Class 4. INSECTA. Tracheata with the body divided into three regions : (i) the head with a single pair of antennae

and mouth parts, (i) the thorax with three pairs of legs and usually two pairs of wings, and (3) the

abdomen with 10 segments usually without appendages. Young always more or less different from adult.

Order r. COLLEMBOLA. Spring-tails.
"|

Wingless insects whose ancestors are believed to have been also

Order i. THYSANURA. Bristle-tails. J wingless.

Order 3. SIPHONAPTERA. Fleas. Wingless animals supposed to have developed from winged ancestors.

Order 4. ORTHOPTERA. Earwigs, locusts, crickets, grasshoppers, leaf- and stick-insects.

Order 5. ISOPTERA. (Termitidse) white-ants.

Order 6. PARANEUROPTERA. (Odonata) dragon-flies.

Order 7. HEMIPTERA. Bugs, plant-lice.

Order 8. NEUROPTERA. Ant-lions, lace-wings.

Order 9. LEPIDOPTERA. Moths and butterflies.

Order 10. COLEOPTERA. Beetles.

Order u. DIPTERA. Flies.

Order 12. HYMENOPTERA. Ants, saw-flies, bees, wasps.
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PERIPLANETA
INSECTA.

THE COCKROACH. (PERIPLANETA AMERICANA.)

In P. orientalis the common species the wings are rudimentary in the female. In P. americana, both sexes have

wings.

1. Dorsal or tergal aspect of a full grown male specimen pinned by the base of the legs. Head;
thorax

;
abdomen

;
antennae

; prothorax ;
mesothorax ; metathorax ; mesothoracic wing, pinned forward ;

metathoracic wing, pinned forward, ist to yth abdominal segments or somites. Terga of the 8th

and gth somites overlapped by the yth. Tergum of the loth somite. Right and left styles attached

to sternum of the gth somite. Right and left jointed cerci anales attached to the tergum of the

loth somite.

2. Dorsal aspect of female specimen.

Look for the heart through the thin dorsal skin of the abdomen beneath the wings.





56

PERIPLANETA
3. Ventral or sternal aspect of abdomen of a male specimen. Sterna of ist to gth abdominal

somites; right and left styles attached to the gth sternum; bifid sternum of the loth somite, called

"podical plates"; tergum of loth abdominal somite; genital aperture between the sterna of the gth

and loth somites; anus between the sternum (podical pi.) and tergum of the loth somite.
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PERIPLANETA
4. Enlarged view of the posterior part of the sternal aspect of the abdomen of an adult female.

Sterna of the ist to 6th abdominal somites; sternum of the yth abd. somite (elongate and bifid

posteriorly) ; proper position for the sternal sclerites of somites 8 and 9, represented by a soft

expansible membrane, the genital funnel; genital aperture placed beneath the podical plates (sternum

of loth somite) and leading into genital funnel.
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PERIPLANETA
5. A leg detached, and magnified three times linear. Coxa; trochanter; femur; tibia; the six

joints of the tarsus ; the two ungues or claws.

6. The head and neck as seen laterally (enlarged). Antenna; compound eye; fenestra; maxillary

palp ;
labial palp ;

labrum
;

cervical sclerites.

7. Head detached and seen from above. Antenna; eyes; fenestrse; epicranial suture; clypeus;
labrum

; maxillary palp ; labial palp.



6
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PERIPLANETA
8. The 3rd post-oral pair of appendages or 2nd maxillae (labium and labial palps). Submentum

;

mentum ;
bifid ligula ; paraglossse ;

labial palp.

[N.B. For preparations of insect mouth parts, the detached appendage should be boiled with potash to remove

attached muscles, dehydrated and mounted in Canada balsam.]

9. One of the 2nd post-oral pair of appendages or ist maxillae. Cardo; stipes; palp; lacinia

galea. (Compare with 8 and with mandible and maxillae of Crayfish.)

10. One of the mandibles.

ii. Enlarged view of the two thoracic stigmata of one side placed between prothorax and meso-

thorax, and between mesothorax and metathorax.
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PERIPLANETA
12. Dissection of Heart and Alimentary Canal. Remove the abdominal terga carefully

so that the heart lying within the pericardium may be seen in situ. Then remove also the thoracic

terga and free the alimentary canal from the adherent masses of the fat body and unravel its coils.

The larger tracheal branches should be cut with fine scissors. Right salivary gland; right salivary

receptacle ; oesophagus ; crop ; proventriculus ; pyloric caeca ; chylific ventricle ; Malpighian tubes, opening
into the short small intestine or ileum ; large intestine or colon

;
rectum ; cerebral ganglion.

13. Right salivary gland and receptacle removed with ducts, &c. entire. Under low power: acini;

tracheal tubes
; ducts ; nerves. This should be fixed in corrosive sublimate, stained in borax carmine,

and mounted in balsam.

14. Portion of fatty body showing tracheae and fatty tissue. High power.
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PERIPLANETA
15. The remaining organs of the same cockroach as seen after the removal of the alimentary canal

and fatty body. Cerebral ganglion ; sub-cesophageal ganglion, closely attached to the cerebral and

representing three fused ganglia (those of the mandibular and two maxillary segments); ist, 2nd, and

3rd thoracic ganglia; ist abdominal ganglion; 2nd to 5th abdominal ganglia; 6th and last abdominal

ganglion. In FEMALES. Colleterial glands ;
oviduct ; spermatheca ;

ovarian tubes.
'

In immature MALES.

Testis as a somewhat transparent lobed body lying on each side in the fat immediately below the

4th and 5th terga; vas deferens as a slender duct passing back to the small mushroom-shaped gland.

In adult MALES. Mushroom gland (vesicula seminalis); short duct of same; accessory gland.

1 6. Ovarian tube under low power of microscope.

17. Contents of the mushroom gland and spermatheca. Spermatozoa.

1 8. Malpighian tubule under high power.

19. Muscular fibre under high power.
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INSEGTA
INSECTA.

i. Head of a female Culex [Diptera] from above. (Low power.) Eyes; antennae; labrum or upper

lip; the proboscis constituted by the labium or fused 2nd maxillae, in a dorsal groove of which are

contained (when not extruded) the styliform mandibles and ist maxillae and the hypopharynx or

lingua ; the groove is closed dorsally by the labrum
; maxillary palps.

[In the male, the maxillary palps are much longer, and the antennae bear very long hairs.]

2. Head of a Notonecta or Water-boatman [Hemiptera] from above. (Low power.) Eyes ;

antennae; labrum; jointed proboscis or labium; the stylet-like mandibles and ist maxillae, contained

in the proboscis. [There are no maxillary or labial palps.]
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INSECTA
3. Mouth-parts of a Bee removed from head and mounted: (i) the labium with the ligula, bearing

on each side a shorter process the paraglossa and a long five-jointed labial palp; (2) the ist maxilla

with stipes, lacinia folded back on the stipes and a short palp at end of stipes; (3) the mandible

strong and platelike.

4. Mouth-parts of a Butterfly. (These can be best seen if the two eyes are removed from the

head and the rest boiled in potash and mounted.) Spirally coiled proboscis formed by the union of

the two ist maxillae; rudimentary maxillary palps; three-jointed palps of the rudimentary labium.
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INSECTA
5. Side view of a Lepidopterous caterpillar. Head; the three thoracic segments, each with a

pair of legs ;
the ten (gth small) abdominal segments, the 3rd to 6th being each provided with a pair

of
'

pro-legs
'

; the eight abdominal stigmata of one side.

6. Side view of a Lepidopterous pupa. Head ; eyes ; antenna ; maxillae ; prothorax ; meso-

thorax ; prothoracic leg ; mesothoracic leg ;
mesothoracic wing ;

metathoracic wing ;
the ten abdominal

segments ;
the eight abdominal stigmata.
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ARACHNIDA.
ARACHNIDA

1. Scorpio, dorsal view. Chelicerse; pedipalpi ; carapace; the pair of large median eyes; group
of small lateral eyes ; terga of first seven abdominal segments ;

five post-abdominal segments ; telson.

2. Scorpio, ventral view. Chelicerae
; pedipalpi with stout basal joint ;

four pairs of ambulatory

legs ; jaw-like process of basal joints of the legs of the first two pairs ; genital operculum (on ist

abdominal) ; pectines ;
four pairs of pulmonary stigmata ; yth abdominal segment ; postabdomen and

telson as in i.

3. Spider, dorsal view. Chelicerse; pedipalpi; ambulatory legs i 4; eyes; cephalothorax ;
un-

segmented abdomen.

4. Mite, ventral view. Thorax and abdomen broadly fused ;
chelicerse

; pedipalpi ; ambulatory

legs ; reproductive opening and anus.
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LIMULUS
1. Limulus, dorsal view. Cephalothorax ; abdomen; spines (six on each side) on margins of

abdomen
;

telson
;

the two compound eyes at the sides of the median region of the cephalothoracic

carapace ;
the two simple eyes at the front end of the same region.

2. Limulus, ventral view. Pediform legs on cephalothorax (six pairs), the last five with gnatho-
base

; spatulate digging processes on last leg ; genital operculum ; lamellar abdominal appendages (five

pairs) with gill books
;
anus

;
telson

; position of mouth.

3. Casts of fossil forms Eurypterus and Prestwichia.





HELIX
MOLLUSCA.

1. Helix. View of the entire animal killed by immersion for two days in warm water. Shell:

head ;
the two superior or oculiferous tentacles

;
the two inferior tentacles

;
foot

;
thickened edge of

the mantle
; apex of the shell

;
mouth of the shell

; pore of the mucous gland of foot.

2. The animal after removal of the shell viewed from the right side. Head;' foot; surface of mantle

covering the visceral hump ; mantle-fold, at the junction of the visceral hump with the head and foot
;

circular respiratory orifice leading into the pulmonary sac
;
anus

; genital pore ;
columella (or spindle)

muscle; visceral hump containing liver and hermaphrodite gland.
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HELIX
3. View of the respiratory chamber, opened by a cut extending from the respiratory orifice

across to the left side, and by another cut on the right side passing backwards along the extreme

ight-hand limit of the chamber, so as to leave the anus, rectum, and kidney in continuity with the

oof. Floor of the respiratory chamber formed by the thin dorsal integument ;
rectum

; kidney ;
external

opening of kidney ;
duct of the kidney by the left side of the rectum

;
auricle and ventricle of the

icart lying in the pericardium ;
blood-vessels of the respiratory surface.

N.B. Remember that rectum, kidney, and heart are turned back and are now seen inverted.

4. Notice that the partition between the pericardium and the kidney sac is indented by a shallow

)ay. At the end of this bay is the reno-pericardial opening. Open the pericardium and pass a fine

uarded bristle through the opening into the kidney.
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HELIX
5. Open the dorsal integument by a median cut extending from the head to the visceral hump,

unravel generative organs and pin out to right side of animal. Generative pore on neck; hermaphro-
dite gland; hermaphrodite duct dividing into oviduct with thick glandular walls and slender sperm-
duct ;

albumen gland opening into hermaphrodite duct ; spermatheca ; spermathecal duct and its long

appendix ; digitate glands and dart-sac opening into vagina ; penis ; flagellum of male duct.

,

62





HELIX
6. A complete view of the digestive organs obtained by carefully separating the alimentary tract

from its attachments. In dissecting, the generative organs are pushed to the right side, the digestive

to the left. Buccal mass; nerve-collar; ducts of the salivary glands; the two salivary glands; oesophagus;

proventriculus ; stomach; first bend of the intestine; rectum; anus; the kidney, between the rectum

and the heart.

7. Radula removed from buccal mass and examined in glycerine under low power.

,
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HELIX
8. Nerve-collar and chief nerves shown by drawing the oesophagus forward through the collar, and

cutting it in front of the collar, then turning the buccal mass upwards and forwards so as to expose
its ventral surface. Cerebral or supra-cesophageal ganglion, giving off a pair of nerves to the buccal

ganglia on the dorsal surface of the buccal mass but ventral to the oesophagus ;
nerves from cerebral

ganglion to the tentacles
; infra-eesophageal ganglion (pedal, pleural and visceral fused) ;

nerves from

pedal ganglion to foot.

9. Calcareous spicule removed from the dart-sac and enlarged three times.

10. Section of hermaphrodite gland, examined under high power. Ova; sperm mother-cells;

spermatozoa.

,
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GASTEROPODA
r. Chiton. Ventral view. Head, foot, mantle-groove containing the numerous ctenidia.

2. Dorsal view. The eight shell plates ; girdle.
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GASTEROPODA
3. Haliotis. Dorsal view of shell. Spiral ; row of pores.

4. Shell removed and mantle-cavity opened. The two ctenidia with anus between them. Mucous
folds in mantle-roof.

5. Patella. The common Limpet. Ventral view. Shell
; pallial branchiae forming a ring round

the foot in the mantle-groove. Head

,





The common Whelk. Proboscis everted ; tentacles.

GASTEROPODA
Foot with operculum.6. Buccinum.

Shell.

7. Removed from shell, mantle-cavity opened. Rectum, anus
; ctenidium, one only, the left

(primitive right), persists. Mucous folds
; complicated osphradium. Renal opening at hind end of mantle-

chamber. In female, opening of oviduct. In male, long penis with convoluted vas deferens passing

along its left side and opening on a small papilla near its apex.
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GASTEROPODA
8. Aplysia. Foot with lateral flaps (epipodia) projecting dorsalwards

; mantle with shell in nearly

closed sac
; single ctenidium

; spermatic groove leading from genital aperture to penis on head.

9. Eolis. Dorsal cerata : without ctenidia and mantle folds.

10. Doris. Dorsal view. Anus median and posterior; anal branchiag.
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ANODONTA
1. Anodonta. View of the animal lying in the right valve of the shell, the left having been

removed by carefully separating from it the edge of the mantle and cutting through the attachment of

the two adductor muscles to the shell (keep the edge of the knife close to the shell). Left lobe of

mantle
;
thickened free edge of same

; right lobe of mantle
; margin of posterior border of mantle-flap

twice indented so as to form two incomplete siphons dorsal and ventral, the latter with tentaculiferous

margin ;
anterior adductor

; posterior adductor
;
anterior retractor

; posterior retractor
; protractor.

2. Side view of animal with left lobe of mantle turned back. Foot ; labial palps ; gills ;
line of

attachment of outer gill with mantle. Right mantle-lobe
;
dorsal siphon ; ventral siphon.
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ANODONTA
3. Side view with the labial palps and gill plates of left side pinned back. Inner lamella of inner

gill plate attached to the foot anteriorly, free medianly and fused with the corresponding lamella of

the other side posteriorly. Inner and outer gill plates of the right side. Probe passed between the

foot and the middle portion of the inner gill plate into the epibranchial chamber. Apertures of the

left kidney exposed by cutting forward through the attachment of the inner gill plate to the foot, and

of the generative gland slightly in front of the aperture of the kidney.
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ANODONTA
4. View of heart with dorsal wall of pericardium removed. Ventricle surrounding the rectum ;

left

auricle ; right auricle ; rectum traversing ventricle.

5. View of kidneys when the auricles have been cut through laterally, the ventricle and rectum

posteriorly and the heart turned forwards. Reno-pericardial apertures lying at extreme anterior limit

of the pericardium on each side of the intestine Dark green glandular portion of the kidney. Non-

glandular ureter exposed by cutting through the floor of the pericardium. Aperture of kidney to

exterior indicated by bristle near and below reno-pericardial aperture.
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ANODONTA
6. View of nervous system (ganglia are yellow in fresh specimens). Cerebral ganglion ; pedal

ganglion; cerebro-pedal commissure; parieto-splanchnic ganglia; visceral commissure running for the

greater portion of its length through the glandular part of the kidney.

7. View of alimentary canal. Position of mouth; stomach
; liver; coiled intestine; rectum; anterior

adductor; posterior adductor; foot. This drawing may be made from a prepared specimen.
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ANODONTA
8. Three transverse sections of a spirit specimen as seen with the naked eye.

(a) Through the middle part of the foot. Mantle-lobe
;

foot
; outer gill ; inner gill ; (notice

attachment of lamellae) ;
liver ; rectum ; intestine in foot in several places.

(b) Through the hinder part of the foot. Mantle-lobes ; foot ; outer gill ; inner gill ; (notice

attachment of lamellae) ; epibranchial chamber
; pericardium ;

ventricle ; rectum
;

auricles
; vena-cava

;

non-glandular part of kidney ; glandular ditto.

(c) Behind the foot. Notice floor of epibranchial chamber continuous across the middle

line.
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\. Nucula.
GILLS OF LAMELLIBRANCHIATA

Ctenidium with two rows of short filaments.

2. Mytilus. (a) Adjacent filaments of the gill mounted in sea-water ciliary junctions. Only
one of the limbs of the filaments should be mounted.

(b} Single filament seen endwise. Ascending limb
; descending limb

; interlamellar concrescences.





GILLS OF LAMELLIBRANCH
3. Mytilus. Transverse section through filaments

;
ciliated epithelium ; large epithelial cells and

ciliary junction ;
chitinous rods

;
vascular space of filaments.

4. Anodon. Transverse section through gill. Filaments in section
; ciliated epithelium, chitinous

rods, vascular spaces in sub-filamentar tissue
;

interlamellar junctions ; water pores leading into epi-

branchial space between gills.
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LAMELLIBRANCHIATA
5. External features of other Lamellibranchs.

Mytilus. Reduced foot with byssus ; gills ;
mantle containing gonads.

Pecten. Single adductor muscle; rudimentary foot; mantle-edge with numerous eyes.

Cardium. Elongated foot used for jumping.

Solen. Siphons ;
the two mantle-edges fused save for the slit through which the elongated foot

projects.
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SEPIA
1. Sepia. View of the anterior face of the entire animal; head; the eight short arms; the partly

hectocotylised fourth left arm of the male ; the two long arms, retractile into special pits ; eyes ;

visceral sac
; mantle-edge ;

lateral fins.

2. View of posterior face. Funnel.
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SEPIA
3. View of the posterior surface after the mantle-cavity and funnel have been opened by a median

incision. Valve of funnel
;

sockets which receive the two articular knobs on the mantle-flap ;
anus

;

renal papillae ; gills ; generative papilla on the left side
; ink-gland, and its duct

;
stellate ganglia. [In

the female, nidamental glands, and accessory glands. J
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SEPIA
4. View of the excretory and vascular systems, obtained by cutting through the posterior body

wall, removing the ink-sac, and opening the two renal sacs. Renal papilla; coelomic opening of kidney;
the large vena cava bringing back blood from the head, and bifurcating on arriving at the kidneys ;

paired veins from posterior part of body, dilating into large sacs just before they reach the branchial

hearts
; genital vein entering the right branch of the anterior cava

;
branchial hearts each with its

appendage ; afferent branchial veins
;

efferent branchial veins, passing into the auricles
; ventricle

; the

anterior and posterior aortse.
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SEPIA
5. View of the alimentary canal and its glands, obtained by turning the animal over, and dissecting

through the anterior wall of the visceral sac.

Oesophagus leaving skull, and accompanied by the anterior aorta and the salivary ducts
;

the two

salivary glands ;
liver

;
liver ducts with pancreatic caeca

; stomach
; spiral caecum of stomach

;

intestine.
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SEPIA
6. Male generative organs. Testis, lying in a ccelomic sac into which opens the vas deferens,

at first narrow and coiled, then dilating into a wide tube the vesicula seminalis
; prostate ; receptacle

of the spermatophores ; genital papilla with terminal aperture.

7. Female organs. Ovary, lying in a coelomic sac, into which opens the oviduct; nidamental

glands ; accessory glands.

8. View of brain as exposed by a median longitudinal section through the skull. Supra-cesophageal

ganglion ; superior buccal ganglion ;
inferior buccal ganglion ; oesophagus ; salivary duct ; cesophageal

commissure ; pedal ganglion giving off nerves to the arms and continuous behind with the visceral

ganglion ;
the latter gives off on each side a large nerve to the stellate ganglia ; sections of auditory

sacs ramifying in the cranial floor.
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SEPIA
9. View of radula and its sheath from the side, obtained by removing the jaws and dissecting

away the muscles of the buccal mass. Radula
;
sheath of radula

; oesophagus.

10. Spermatophore under low power; spermatocysts ; spiral spring.

11. Transverse section of an eye. Cornea; iris; lens; its ciliary attachments; retina; optic ganglion;

optic nerve.
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Demonstration specimens of other forms.

CEPHALOPODA

>
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SHELLS OF CEPHALOPODA
Ammonites and Nautilus (Tetrabranchiata). Septa; siphuncle.

Belemnites (extinct Dibranchiata). Phragmocone (rudiment of original chambered shell) ;
rostrum

or guard ; proostracum. (Notice hooks on arms.)

Sepia. Internal
'
cuttle bone.' Rudimentary rostrum

; laminated region : lateral expansion. .

Loligo. Internal horny 'pen.'
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ASTERIAS
ECHINODERMATA.

1. Asterias. Sketch of the entire animal, from the ambulacral side. Mouth; ambulacra, with

tube-feet ; ocelli
; spines fringing the ambulacral groove : with a lens observe large pedicellarise situated

on these spines.

2. Dorsal view of same. Madreporic plate ;
arms of the trivium

;
arms of the bivium.

In live specimens notice the dermal branchiae.
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ASTERIAS
3. Alimentary canal. Divide the animal into a dorsal and ventral half by cutting through the

body-wall along the sides of each arm, the radial muscles of the stomach and the oesophagus : cut

round the madreporic plate so that the stone-canal shall be left in the ventral half and then remove

the dorsal half with the alimentary canal and note : the stomach with its five diverticula
; the pyloric

sac with its thin walls, and its five radial prolongations, which bifurcate to form the ten hepatic

caeca; the rectal caeca; the ten gonads.

4. View of the organs exposed after removal of the alimentary canal. Stone-canal (with heart) ;

position of water-vascular ring ;
Tiedemann's bodies

;
ambulacral ossicles

; ampullae of tube-feet
;

cut

oral end of stomach.

For Polian vesicles see Solaster ; there are none in Asferias.

5. Sketch of a pedicellaria, drawn with a low power.

86





A8TERIAS
6. Transverse section of the decalcified arm of a small specimen. Body-wall ; spines ;

dermal

branchiae ;
ambulacral ossicles ;

neural epithelium ; radial water-vascular canal
; ampullae ;

tube-feet
;

body-cavity; hepatic caeca and their mesenteries; in sections near base of arms, generative organs.

Examine sections of an undecalcified arm to show ambulacral ossicles.

7. Region of ambulacral groove under high power. Columnar epithelial cells; internal pro-

longations of same
;

sections of nerve-fibres and nerve-cells between the latter
; septum containing

the so-called radial blood-vessel ;
radial water-vascular trunk

; ambulacral ossicles
; ampullae ;

tube-

feet.

8. Transverse section of stone-canal and heart.
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ECHINODERMATA
1. Echinus. Ventral view of live animal: peristomial membrane with mouth; teeth; ten branchial

plumes of peristomium (diverticula of body-cavity).

2. Shell of Echinus cleaned. Dorsal view : anal opening ; periproct ; genital plates with genital

openings, one of them perforated by the water pores of the madreporite ;
ocular plates ;

five double

rows of ambulacral plates with ambulacral pores for the tube-feet; five double rows of interambulacral

plates ;
tubercles to which the spines are articulated.
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ECHINODERMATA
3. Demonstration specimens of Echinoids and Ophiuroids.

>
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ECHINODERMATA
Demonstration specimens of Holothurians and Crinoids.
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LARVAE OF ECHINODERMATA
Auricularia form of Holothuroidea.

Bipennaria form of Asteroidea.

Pluteus form of Echinoidea and Ophiuroidea.
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TUNICATA
1. Ciona. Animal removed from its test and drawn in side view. Mouth; atrial aperture;

ganglion ; longitudinal muscles of body-wall ;
red pigment spot marking termination of vas deferens

;

point of origin of test vessels.

2. Atrial cavity and body cavity opened along the dorsal middle line; body wall separated from

the pharynx by cutting the cords passing from one to the other. Pharynx ; oesophagus leading into

stomach ; intestine with typhlosole ; rectum ;
heart in pericardium ; oviduct and vans deferens opening

into atrial cavity.
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TUNICATA
3. Ciona. Pharynx and buccal cavity opened and viscera further exposed. Tentacular ring ;

peripharyngeal groove; dorsal tubercle; subneural gland; endostyle; languets and hyperpharyngeal

groove ; aperture from pharynx to oesophagus ; ovary ;
testicular follicles on intestine.

4. Portion of pharyngeal wall stained and mounted. Transverse bars
; longitudinal bars

;
internal

longitudinal bars from inner side of which project the papillae; stigmata.

D
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TUNICATA
5. An Ascidian tadpole of Ciona or some other Tunicate.

6. Transverse section of Ciona. Test ; body wall with longitudinal muscle bundles ; atrial cavity ;

pharynx with stigmata; endostyle and hyperpharyngeal groove; rectum and generative ducts.
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TUNICATA
7. Demonstration specimens of other Tunicata.
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Demonstration specimens of Balanoglossus.
HEMICHORDATA
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