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CHAPTER I

Subkingdom and Phylum

PROTOZOA

The Protozoa  (first
animals) are the simplest
and most primitive animals;
some of them are even
considered as plants. They
are mostly microscopic but
a few attain a considerable
size. They live either singly
or in colonies, in the sea,
fresh water, and damp soil;

some are parasitic. They are
usually defined as ““unicell-
ular’’ animals, but actually

a protozoon is not a loose
cell moving about and
equivalent to one of the
cells of the more complex
Metazoa. It is a complex
organism whose protoplasm
generally displays but little
differentiation into organel-
les, performing all functions
of life. Therefore, they, are
‘““ acellular >’ rather than
unicellular, that is, their
body is not partitioned into
cells. Also when they
produce gametes the whole
body divides to form them.
The normal method of
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nutrition is holozoic. Their
unique structure necessitates
including them in a separate
subkingdom, which com-
prises only one phylum
bearing the same name —
Protozoa. They are class-
ified into four classes on
the basis of the structures

they possess for locomotion:
Sarcodina‘or Rhizopoda’,
Mastigophora ‘or Flagel-~

lata’, Sporozoa , and
Ciliophora.

A. Class SARCODINA

The class Sarcodina in-
cludes forms which move

by false feet called pseudo-

podia, although the gametes
and young forms may move
by flagella.

1. Amoeba

Amoeba lives in freshwater
" ponds and the backwater of
rivers among decaying vege-
table matter in which bact-
eria abound, securing
its food from these bacteria
and other microscopic
organisms. Some species
are marine and others live
in the soil, while still some
others are parasitic. Amoecba
moves by pseudopodia,
reproduces asexually by
binary fission, and under
unfavourable conditions it
encysts.
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* A culture of Amoeba is obtained
in the following way :

Some amoebae are secured

from pond water, put in a Petri-
dish in a cool place away from
sunlight. A few grains of wheat
are added and the dish half-filled
with pond water. Bacteria will
swarm in the dish and are eaten
by the amoebae, but overgrowth
of the bacteria will kill the amoe-
bae, thus one has to inspect the
culture periodically.
* Put a drop of water containing
amoebae on a slide, put a small
piece of paper at the edge of the
drop and cover with a cover-glass,
examine with the L.P., and on
spotting the animalcule watch it
for some time and then examine
with the H.P. and note :

— Amoeba is  quite
irregular in shape; the body
changes its shape constantly
with the formation and
withdrawal of  broad

irregular processes called
pseudopodia. The animal
usually progresses in the
direction of its pseudopodia

(amoeboid movement)
which are also used in

searching for and capturing
food.

— The body, is in the form
of a translucent mass of
protoplasm distinguishable
into an outer thin clear
ectoplasm (the analoguc
of the skin),and an inner

< 14

3y MU Gueel Gy sade dpaad 1580w
b o Slaa¥l Gans o Joas : Y
by OIS 8 s 2 Geb O sty ¢ T
Joli s £ ¢ puattl 1y g0 Tam 331
cadl d] Gl Se g il Sl
Sl 3 L Sl ST gy L Sl ol
L eSS sl 5 of e el 31 s,
N R A =
Lo L 350
Sl o s oWl o B3 0
ot Aphee Dl pdy Lrlej 32 2 e
Lk ¢ 3 kall Bl w20 222 20 Lo 3 )
cis shaall AL pamily ¢ ol o ey
(sneall Olod 1) pak) 65 Lo e
S L2 panit £ gl ydn 4L

VT
idima g (Lw¥y Ol
ASCs iy ekl 0y Tl S
28 Ay o Slegi o 155 e Ul
B P
g oo Ol pdizy L LIS
( el 3> ) 380 dlonyf ol
oe ol ¢ T ('-"'-‘“’ &
. 4 Sl el
bs” &aa le gy ¢ F..)-J__
AL oo Al gig Al e A2l
ylallyioydad, das)) Aol ¢S]
Ppoor ;ST 155 ¢ (A a3y

\¢



granuular more fluid mass,
the endoplasm.

— In the endoplasm,
distinguish : food vacuoles
with micro-organisms
on which Amoeba feeds
(intracellular digestion);
nucleus, plate - like and
more refractive than the
rest of the endoplasm, with
an endosome and can
better be seen in a stained
preparation; contractile
vacuole, one, sometimes
more, as a clear spherical
structure filled with a clear
fluid which bursts out at
regular intervals and re-
forms, thus ridding off the
animal from excess water
(osmoregulator) and in-
cidentally helps to eliminate
carbonaceous and nitroge-
nous waste products.

— Make drawings of
" Amoeba showing its general
structure, and at intervals to
tllustrate its amoeboid move-
ment.

2, Entamoebda

The species of this genus
live mostly as parasites in
the alimentary canals of
vertebrates. Three of them
occur in man : E. gingivalis
lives in his buccal cavity,
E. ¢oli in his large intestine,
(both of which are harmless,
feeding only on bacteria),
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and E. histolytica (or E.
dysenteriae) also lives in the
large intestine but is a
dangerous endoparasuc sin-
ce it feeds on the tissues
and blood of its host,causing
amoebic dysentery.

Examine under the H.P.
a stained preparation of any
of the above mentioned
species and note :

Small size of the animal
as compared with Amocha,
very thin ectoplasm, food
particles in the endoplasm,
mostly bacteria but blood
corpuscles and cell-débris
in E. histolytica, no contract-
ile vacuole (because its
protoplasm is isotonic with
the medium in which it
lives, osmo-regulation being
unnecessary), and nucleus
with an endosome.

— Draw.

It is rather difficult to
distinguish between E. coli
and E. histolytica in the fresh
condition, apart from the
type of food they engulf.
However, the latter species
moves by a single large
pseudopodium (the former
by two) and is also more
active and larger.

Entamoeba multiplies by
binary fission.It also encysts,
the cyst passing with the
faeces and transmitted to
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other individuals. The cyst
of E. coli contains 8 nucleli,
that of £. histolytica only 4,
but on emergence from the
cyst the 4 nuclei divide
with the cytoplasm to form
8 little amoebae.

An order of the Sarcodina
is of great importance in
building the oozes which
cover enormous areas of the
floor of many seas. This
order is the Foraminifera.
They wusually build a
calcareous skeleton in the
form of one- or many-
chambered perforated test
or shell through which
long thread-like branched
pseudopodia protrude. Occ-
asionally the shell is
chitinous, siliceous or gel-
atinous with embedded
foreign bodies. The shells
of the dead foraminifera
are often drifted ashore and
constitute a considerable
proportion among the sand
grains of the sea shore.

— Examine a sample of
sand from the sea shore and
draw the skeletons of the
Foraminifera which you may

Jind.
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B. Class MASTIGOPHORA

This class includes forms
which move by flagella,
either one or more, and
have a definite form be-
cause of the presence of a
firm pellicle (although some
may develop pseudopodia).
Two subclasses are recogn-
ised according to the
method  of feeding : the
Phytomastigina, usually
feed holophytically, and
the Zoomastigina are
either holozoic or parasitic.

1. Euglena

Euglena is one of the
Phytomastigina which ap-
pears in ponds and stagnant
water in enormous numbers
producing  the green
colouration of the water.

Euglena moves by a whip-
like process of the ecto-
. plasm called the flagellum

and by the contraction of
its body (euglenoid move-
ment). It is holophytic,
but is also able to live
as a saprophyte. It repro-
duces asexually by long-
itudinal binary fission and
is able to form a cyst.

* Boil some grains of wheat and
a pineh of horse manure in about
100 c.c. of water, cool and
add to it some of pond water
containing Euglena, put in a
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bottle and let it stand in a light
window.

* Take a drop of the culture on
a slide, cover and examine under
the L.P. and H.P. and note :

— General body form,
fusiform, pointed posteriorly
and with along flagel-
lum coming out from the
blunt anterior end. Move-
ment is by twisting the
body spirally,by its contract-
ion and expansion in the
direction of movement, and
by the flagellum beating
right and left.

— The body is different-
iated into an outer thin
ectoplasm toughened by
an outer firm pellicle, and
an inner much larger
endoplasm. This contains

numerous chloroplasts,
or green bodies containing
chlorophyll (aids in car-
bohydrate synthesis), either
scattered singly or con-
nected together; paramy-
lam granules, which
contain a reserve of a
starch-like carbohydrate ;
nucleus, a spherical body
with an endosome; and a
stigma or eye-spot at the
anterior end (sensitive to
light).

Examine FEuglena under
the oil-immersion lens, look
for details of structure of
the anterior end and note :
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— Gullet, through which
the flagellum passes out;
reservoir at base of gullet;
base of flagellum split into
two, each division connected
to a tiny basal granule
or blepharoplast embed-
ded in the ectoplasm (the
two control movement of
flagellum ) ; contractile
vacuaole, formed of a main
vacuole surrounded by a
circlet of small vacuoles
which discharge into the

main, and this into the
reservoir.
'— Make  drawings  of

Euglena illustrating its move-

ment and detailed structure.
— Why is Euglena in-

cluded among animals ?

2. Trypanosoma

Trypanosomes are flagel-
lates of distinctly animal
nature and belong to the
subclass Zoomastigina.They
usually live in two hosts, an
invertebrate, either insect
or leech, and a vertebrate
host. In the former, they
usually infest the alimentary
canal while in the latter
they live in the blood. Man
is{ infected by 7. gambiense
and 7. rhodesiense which are

transmitted by the tsetse flies

of the genus Glossina
causing to him, on reaching
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his cerebrospinal fluid, the
dangerous sleeping sickness
which spreads in Equatorial
Africa. Trypanosoma moves
by a f{lagellum, feeds by
absorbing the nutrient subs-
tances from the host, and
reproduces asexually by
longitudinal binary fission.

Examine a stained film
of blood of a vertebrate
infected by Trypanosoma
under the oil-immersion
lens. Notice the parasites,

thread-like,scattered among
the rounded erythrocytes
and note :

— The body form, long
slender, undulating and
tapering at its anterior end
to a whip-like flagellum.
Follow the flagellum and
note that it extends back-
wards as far as the posterior

end of the body,and appears
connected to the body by a

thin extension of the pellicle
called the wundulating
membrane.

— The ectoplasm, thin
and covered by a thin firm
pellicle; endoplasm with
spherical nucleus lying
near the centre of the body

and has a conspicuous
endosome.
—The kinetoplast,form-

ed of a basal granule or
blepharoplast attached to
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the posterior end of the
flagellum, and of a small
parabasal granule im-
mediately adjacent to the
kinetoplast.

— Make a drawing of a
stained film of blood infected
with Trypanosoma and show
the details of structure of the
parasite.

C. Class SPOROZOA

Exclusively endoparasitic
Protozoa which reproduce
by spore formation after
syngamy and have no
locomotory structures, but
may be amoeboid and their
gametes and young forms
may develop flagella.

1. Monocystis

Therc are several species
of this genus which live as
parasites in the seminal
vesicles of earthworms. The
feceding stage, the tropho-
zoites, lie in the centrec of
the sperm morulae formed
of the sperm-mother cclls of

the worm which are develop

ing into spermatozoa.
They absorb the nutrient

fluid surrounding them. As

they feed, they grow trans-
forming ultimately into

gametocytes which conju-
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gate in pairs and give rise
to gametes . Gametes from
two associated gametocytes
unite in pairs to form
zygotes. Each zygote
secretes a resistant cyst,
the pseudonavicella,with-
in which it divides to

produce 8 sporozoites.
The pscudonavicellae (in-
fective stage) either escape
through the vasa deferentia
to the soil, or are eaten with
the worm by a bird through
the alimentary canal of
which they pass out to the
soil unaltered. On reaching
the soil, they may be eaten
by another worm whose
digestive enzymes set free
the sporozoites which attack
Sperm  morulae to repeat
the life cycle.

* Dissect an earthworm and take out
ils vesiculae seminales. Tease one of
them on a slide, siain it with
Delafield’s haematoxylin and eosin,
and examine through the microscope,
Jfirst under the L.P. and then the H.P.,
and distinguish the various stages of
Monocystis :

~— The trophozoite
appears inside a sperm-
morula, first as a small
nucleated body and later
becomes cigar-shaped sur-
rounded by the tails of the
devcloping  spermatozoa

which shrivel up as tiny .

filaments. Notice that the
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body of the full grown
trophozoite is differentiated
into a thin outer ectoplasm
containing longitudinally
arranged markings called the
myonemes, and an inner
much larger endoplasm
containing a muclens with
a dark-staining endosome.
It is capable of wriggling
movement by its myonemes
(gregarine movement).

— The gametocytes
are full grown trophozoites
conjugating in pairs; each

air 18 surrounded by a
thin cyst called the odcyst
or gametocyst. The
nucleus of each gametocyte
undergoes multiple division
(schizogony) giving rise to
about 64 nuclei, each of
which becomes surrounded
by a small amount of
cytoplasm, thus giving rise
to the gametes; a small
amount of cytoplasm,
the residual cytoplasm,
remains in the middle, while
the gametes are then set
free inside the gametocyst
and fuse in pairs giving rise
to the zygotes (sporo-
blasts).

— The sporozoites.
- Each zygotc sccretes a cyst
called the pseudonavmclla
because of its rescmblance
to the diatom Navicella,
meaning boat-like case, and
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pseudo, meaning false. The
zygote divides within its
cyst three successive times
(sporogomy) giving rise to
8 sporozoites which will
repeat the life cycle.

— Make drawings of the
stages of Monocystis as you
see them in the preparations.

— The life-cycle of Mono-
¢ystis manifests the pheno-
menon known as “‘alternat-
ion of generations”. Can
you give a good definition
of this phenomenon ?

2. Plasmodium

This is again a sporozoan
like Monocystis, but differs
from it in the factsthat its
trophozoites live intracellu-
larly in the blood corpuscles
of its vertebrate host, that
the male and female

gametes are different, the
zygote is motile and the
sporozoites are naked.

Plasmodium causes malaria
fever to man, and is trans-
mitted from the patient to
an  uninfected person
through the agency of a
mosquito belonging to the
genus Anopheles.  Three
specics of Plasmodium are
known to infect man : P.
vivax which causes benign
tertian malaria, P. falciparum
causes malignant tertian
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malaria, and P. malariae
causes quartan malaria,

Three phases or cycles
are known in the life-history
of Plasmodium; a sexual cycle
which begins in man and is
continued in the mosquito,
an asexual cycle(sporogony)
in the mosquito, and another
asexua] cycle (schizogony)
in the hepatic cells and
erythrocytes of man. Thus,
in order to study the life-
history of Plasmodium in full,
one has to make various
preparations from the mos-
quito, blood and liver of
man. Since this is not
possible in an elementary
practical study, you have to
examine whatever material
provided, look carefully at
figrue 7 and  compare it
with any stage you may find.

a) In man’s liver : sporo-

zoite, sickle-shaped, in the
hepatic cells; schizont,
rounded and  divides
(schizogony) into about
1000 merozoites which are
released into the hepatic
sinusoids. The merozoites
may reinfect hepatic cells
or pass into the general
circulation.

b) Inman’s blood : tropho-
zoites, which are the result
.of growth of the merozoites
inside the red blood corp-
uscles. A trophozoite is at
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first disc-likc, then becomes
ring-shaped due to the
appearance of a vacuole in
the middle (signet-ring
stage), and at last, on
losing the ring form, be-
comes amoeboid with an
irregular shape due to the
development of pseudopodia
(amoeboid stage). Mero-
zoites are then formed by
multiple fission or schizo-
gony when the trophozoite

is transformed into a
schizont. This contains
haemozoin granules

mn the cytoplasm. The
merozoites are liberated and

enter néw corpuscles,repeat- -

ing the schizogonic cycle
indefinitely, Some of the
merozoites, however, deve-
lop into gametocytes of
which two types are
distinguishable : macro-~
gametocytes with a small
nucleus and plenty of stored
food, and microgameto-
cytes, with a large nucleus
and clear cytoplasm.

c) In the mosquito : the
macrogametocyte is trans-
formed into a single
macrogamete, while the
microgametocyte is trans-
formed through multiple
division of its nucleus into
a variable number of nuclei
depending on the species,
and ultimately,  the
cytoplasm surrounds each
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nucleus, giving rise to a
number of microgametes
which are elongate and
much smaller than the
macrogamete. Syngamy oc-
curs and the zygotes are
formed. The zygote, known
then as the odkinete, be-
comes elongate and moves
in an amoeboid fashion
working out its way through
the wall of the stomach to
rest between its epithelium

and the subepithelial layer.,

There, it forms a cyst, the
odcyst, and grows consi-
derably in size. Eventually

the nucleus divides by
multiple division giving rise
to numerous sporozoites;
this phase of asexual
multiplication is called
sporogony. The sporozoites
escape by rupture of the
odocyst and reach the
salivary glands of the
mosquito, whence they are
ready to repeat the life-
history in man if he is bitten
by the infected mosquito.

— Make drawings of as
many stages of Plasmodium as
you may see.

— In what respects does
Plasmodium resemble or dif-
fer from Monocystis ? What
is the significance of alter-
nation of generations in the
Sporozoa you have studied?
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D. Class CILIOPHORA

These are the most
specialized Protozoa. They
move by means of cilia at
least at some stage of
development and have a
definite body form. Most of
them are free-living but
some are parasitic.

I. Paramecium

Several species of Para-
mecium occurin great abun-
dance in freshwater ponds,
where decaying organic
matter is found, feeding on
bacteria and this matter.
P. bursaria contains zoo-
chlorellae which help in
synthetising food and thus
can withstand starvation
for a long time. Paramecia
reproduce by binary fission
and by conjugation in which
two individuals conjugate
and after complex nuclear
divisions give rise to 8 new
individuals, some of them,
full of vigour, will give rise
to better generations.

* Paramecia cultures are pre-
pared in a similar way as those
of Amoeba.

Examine a drop of pond
water containing Paramecia
(which you can see by the
naked eye as moving white
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specks) under the L.P. and
notice its caomparatively
large size, great activity,
and slipper shape with a
broad anterior end and a
more pointed posterior one.
Note that Paramecium, while

moving, rotates on itself in
a spiral way, and that on
its ventral side there is an
oral groove which leads
inwards to the mouth.

* Slacken the movement of Para-
mecium by putting a drop of a
weak solution of agar (a 19
solution kept liquid at about
40° C in a water-bath or oven)
on a cover-glass, immediately
inverting it on the drop of water
containing paramecia on the
slide. The mixture of water and
agar soon sets solid and the
paramecia will be confined to
the water spaces left and can
hardly move.

Examine under the H.P.
and note :

— The ectoplasm and
endoplasm, food vacuo-
les, 2contractile vacuoles
oral groove on the right
side of the anterior edge.
It leads to a channel-like
vestibule that extends
diagonally  across  the
animal and ends with the
mouth or cytostome.This
opens into the gullet or
cytopharynx which is a
mere clett 1n the endoplasm.
Note the numerous cilia
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covering the whole surface
of the body. They resemble

flagella but are much
shorter and greater in
number. The cilia in the

vestibule are somewhat
longer, denser, arranged in
rows and almost adhere
sidewise so as to form some-
thing like a membrane
whose wave-likeundulations
(so erroneously described
as an undulating mem-
brane) help to propel food
into the gullet.

— In the ectoplasm,
distinguish4 zones: an outer
thin, but firm pellicle,
which has a characteristic
surface pattern of hexa-
gonal depressions from
each of which a cilium
comes out. A second zone
contains the basal granu-
les of the cilia and fine
contractile myonemes
connecting these granules
together, A third zone
contains numerous spindle-
shaped bodies perpendicular
to the surface and called
the trichocysts (defensive
in function). And lastly a
thick zone,innermost,which
contains the two cont«
ractile wvacuoles, one
anterior and one postetior,
Watch the vacuoles and
notice how each i3 increased
in size by the flowing into
it of a number of radiating
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narrow canals or vacuoles
thatarise in the surrounding
endoplasm. This process
takes place at short regular
intervals, and the vacuoles
are said to pulsate. Count
the number of times the
vacuole distends and dis-
charges its contents on to
the surface of the body per
minute.

¥ Add a drop of dilute acid and
note the trichocysts that have
been discharged or shot out of
the body through pores in the
pellicle, as thin long processes,
much longer than the cilia.

— Identify in the
endoplasm, in the stained
preparation, two nuclei: a
large oval mega-or macro-
nucleus (concerned with
vegetative functions), and
a small micronucleus
(concerned with reproduc-
tion) situated alongside with
the former. Also look out
for the other above men-
tioned details.

— Mauke drawings of Para-
mecium showing as much as
you can of its Structure.

o. Vortlticella

This is again one of the
common ciliates in ponds
where it attaches itself to
plants {sedentary).The cilia
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are concentrated in the
adoral area,and an undulat-
ing membrane is formed.

Examine as you did with .

other Protozoa and note :
— General body form,

bell-like with a stalk at the’

base, which can be straight-
ened out or shortened by
spiral coiling. The free end
of the body, or disc, is
surrounded by long cilia,
and on one side of it the
vestibule opens. Note that

the cilia are inserted in a
groove, the peristome,
which lies between the sides
of the disc and the edge of
the bell called the collar.

~— The vestibule leads
into a short gullet, and
contains rows of adherent
cilia forming an undulat-
ing membrane.

— The ectoplasm covers
the body, bears no cilia
other than those described
above, and contains no
trichocysts but only my-
onemes cspecially visible
in the stalk., There is a
single contractile vacuole
close to the vestibule. It
discharges into a reservoir
opening into the vestibule.

— The endoplasm has
a macro- and a micro-
nucleus, and food
vacuoles. Thc undigested
food is also passed intn the
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vestibule through a tem-
porary anus.

— Make drawings of
Vorticella showing its detailed
structure.

Ciliates From The

Toad’s Rectum

* Dissect a toad, take out its
rectum, empty it in a Petri-dish
and dilute with saline, Take a
drop on a slide, cover and
examine. Numerous organisms
will be seen, among which are
the following ciliates :

a) Nyctotherus is Jlarge,
bean-shaped, and with a
notch in the middle of one
side marking the entrance
to the vestibule. Watch the
flickering movement of the
cilia which uniformly cover
the whole surface. Note also
two contractile vacuoles, a
macro- and a micronucleus.

b) Balantidium is similar to

Nyctotherus but smaller and
has its vestibule situated
terminally  instead  of
laterally.

c) Protopalina has no oral
groove or contractile vacuo-
les, and has two nuclei but
alike in size,

— Make drawings of the
above mentioned ciliates.
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CHAPTER II

Subkingdom
PARAZOA

Phylum PORIFERA

The exact position of
sponges has till recently
been unknown. They were
once included as plants,
largely because they are
sedentary and do not pos-
sess a nervous system. Later
on, they were included in
the animal kingdom with
the subkingdom Metazoa.
However, sponges show a
special low grade of organ-
ization unknown among all
other Metazoa.  Although
they are cellular animals
(composed of many cells),
yet the cells are far less
specialized and less depend-
ent upon one another (i.e.
they hardly form tissues)
than the cells of other .
Metazoa. Sponges have,
thus, been set aside as a
separate subkingdom under
the name Parazoa, which
includes only one phylum,
the Porifera.
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The Porifera are asymme-
trical or radially sym-
metrical, aquatic (mostly
marine), sedentary animals,
but have a ciliated larva,
The body is perforated by
numerous pores serving for
the ingress and egress of
water, with a single body
cavity (the paragaster)
lined with peculiar collared
cells, and usually with an
internal skeleton of various
material. Besides having no
nervous system or sensory
cells, sponges possess no
mouth, proper tissues oOr
organs; the cells of the hody
are capable of de-different-
iation,thatis, reverting toan
undifferentiated condition,
but they may then different-
iate again into any type of
cell found in the body.

Three types of sponges
are known, the ascon, sycon
and leucon types, according
to the structural complexity
of the body, the first being
the simplest.

A — THE ASCON TYPE

Leucosolenia

Leucosolenia is a simple
sponge which grows on rocks
near the sea shore in the
from of colonies, It has a
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skeleton of calcium car-
bonate, deposited mostly in
the form of trn'admte
spicules.

a) External features.

Examine the
specimen and note :

. — General form of
colony, . with numerous
horizontal branches over
which sprout many vase-
. shaped ‘individuals, each
with a single large opening
atits freeend, the osculum.

— The body wall is thin,

transparent, perforated by
many tlny inhalant pores
or ostia, and supported by
numerous triradiate spic-
ules which lie in the wall
with tworays towards the os-
culum and one away fromit.

In live specimens, a cont-
inuous current of water
passes in through the ostia,
and out through the osculum.

b) Internal Structure.
Examine a T.S. of an

individual branch of the
colony and note :

— The paragaster or
pragastric (paragastral)
cavity.

— The body wall is
simple,very thin and formed
of two layers :
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i) The dermal layer,
which lies to the outside,
is formed of an outer
layer of flattened covering
cells or pinacocytes, and
an inner skeletogenous layer
of numerous scattered cells
embedded in a non-living
gelatinous matrix, Of these
cells note :

— The scleroblasts are
the most numerous of all,
and secrete needle - like
calcareous spicules in
their protoplasm.

— The amoebocytes
are large wandering cells
whichcandevelop into any
of the more specialized cells
in the body.

—The porocytes  are
tubular cells each of which
is pierced by a small central
tube thatactsas a pore.

ii) The gastral layer,
which lies to the inside,
lining the whole of the
paragastral cavity, is
composed of a single layer
of collared flagellate cells or
choanocytes,Thecellsstand
side by side, do not touch,
and the free end of each
cell bears a single flagel-
lam encircled at its base
by a delicate, contractile,
protoplasmic collar.
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— Make labelled drawings
of a colony and a T.S. of one
of the branches.

B — THE SYCON TYPE
Sycon

Sycon is a sponge of more
complexity than Leucosolenia.
It is a solitary sponge that
lives attached to rocks near
the sea shore and possesses a
skeleton of calcareous spic-
ules.

a) External Features.

Examine the provided
specimen and note :

— General body form,
vase-shaped, with a large
osculum at the free end,
encircled by a fringe
of large straight monoaxo-
nic spicules. Buds may be
seen arising near the base.

— The body wall is thick

and perforated by numerous
ostia, withspicules project-
ing around them giving
the animal a bristly ap-
pearance.

b) Internal Structure.

Examine longitudinal and
transverse hand sections of
Sycon, and a permanent pre-
paration of an L.S. or a
T.S. of the same and note :
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— The paragastric
cavity is large and lined
with ordinary pinacocytes,
not collared cells.

— The body wall has
essentially the samestruct-
ure as that seen in Leuco-
solenia but regularly thrown
up into numerous radial,
thimble-shaped flagellated
chambers which are lined
with collared cells, open
into the paragastric cavity,
and their walls are pierced
by numerous pores(of por-
ocytes). Imhalant canals,
lined with pinacocytes, run
between the chambers and
open on the surface by min-
ute ostia .

In live specimens, water

enters by these ostia into the

inhalant canals, passes
through the pores into the
flagellated chambers, leaves
the latter to the paragastric
cavity,and finally passes out
through the osculum.

c) The Skeleton.

* Boil a fragment of Sycon in
an aqueous solution of KOH,
which dissolves the cells but not
the spicules. Wash with water,
pipette some of the spicules on
to a slide and examine.

Note the monoaxonic
and triradiate spicules.
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~— Make labelled drawings
of Sycon as a whole, a T.S.
or L.S. and the spicules.

e) The Amphiblastula
Larva.

Besides reproducing asex-
ually by budding, sponges
also reproduce sexually by
the formation of germ cells.
These are developed from
the amoebocytes. Fertiliza-
tion is followed by cleavage,
then a peculiar larva is
formed the amphiblastula
larva. This is oval in shape,
-with one half covered by
small flagellated cells, and
the other half by larger

ular cells.After swim-
ming freely for some time,
the amphiblastula settles
down to develop into the
sedentary motionless adult
sponge.

— Examine an amphiblasi-
ula larva and make a drawing.

C-THE LEUCON TYPE
The Bath Sponge

Euspongia

The bath sponge, like the
vast majority of sponges,
belongs to the leucon or the
most complex type of
sponges in which there is a
further increase in the
folding of the body wall
that results in the formation
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of a very complex system
of canals, the evagination
of the choanocyte layer
into innumerable small
rounded chambers, and the
great obstruction of the
paragastric cavity. The
numerous minute ostia
scattered on the surface
lead into extensive sub-
dermal cavities and bran-
ching inhalant canals
which open into spherical
flagellated chambers.
Larger exhalant canals
lead out from the flagellated
chamber and collect to
form a somewhat branched
and comparatively small
paragastric cavity, that
opens to the surface by
several oscula.

Different species of Eu-
spongia live on rocky sea
bottoms fixed to the sub-
stratum by a secretion of
spongin, a horny substance
of which the skeleton is
fomed.

Examine a dried specimen
of Euspongia and note its
shape (roughly spherical,
encrusting or cup-shaped
according to species). The
skelcton is composed of a
a complex network of
spongin fibres. There are

some large openings on the
surface, the oscula. The
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other smaller openmgs are
the ostia,

-~— Make a drawing.

* Dechydrate a small fragment
of the dried sponge with alcohol,

clear in xylol and mount in -

balsam, -

Note the horny spongin
fibres which form . a
network.

— Compare the structure
of the three principal types
of sponge you know.

““The Porifera are
purely aquatic; they can-
not live on land”. Explain
this statement.
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CHAPTER III

Subkingdom
METAZOA

Phylam
COELENTERATA

This phylum and all the
following phyla belong to
the subkingdem Metazoa.
The Coelenterata show a
distinct advance in structure
over the Perifera. Their
cells are much more special-
ized, with a higher coor-
dination than in sponges,
maintained by a simple
unpolarised nervous system
in the form of a network.
Similar cells, therefore, work
together to perform a com-
mon function, thus begin-
ning to form “tissues’. In
other words, the Coel-
enterata have reached the
“tissue’’ grade of organiza-
tion,

They are radially sym-
metrical animals, mostly
marine, solitary or colonial
and sedentary or free-swim-
ming. They are also diplo-
blastic, that is, their body
is built up of two cellular
layers only, an outer ecto-
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derm and an inner endo-
derm, enclosing in between
a structureless mesogloea
formed of a jelly-like struc-
ture, which in some of the
higher forms 1is traversed
by migrating cells or crossed

by nerve cell processes. There

is a single cavity to the body,
the enteron (coelenteron)
or gastrovascular cavity,
with one opening to the
exterior, the mouth, which
at the same time acts as an
anus. They possess peculiar
elaborate defensive struc-
tures, the nematocysts,
which may be also used in
numbing the prey. Poly-
morphism, alternation of
generations and skeleton
formation are common
phenomena in this phylum.

The phylum is divided
into 3 classes: the Hydrozoa
including freshwater polyps,
small  jellyfishes and
hydroids; the Scyphozoa
(Scyphomedusae) com-
prising large jellyfishes,
and the Actinozoa
(Anthozoa) including the
flower-like  sea anemones
and most of the stony reef-
building corals.

The Ctenophora, which
include the comb - jellies
and the like, were once
included as coclenterates,
but have been recently
ranked as a phylum.
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A - Class HYDROZOA

The Hydrozoa comprise
solitary or colonial forms,
some of the latter are reef-
building corals. They often
show an alternation of
asexual hydroid and sexual
medusoid generations, al-
though either generation
may be reduced or
eliminated.

1. Hydra

This genus belongs to the
order Hydrida, and is
peculiar in being a com-
mon inhabitant of fresh
water, particularly in ponds
and slow
which it is procured for
laboratory studies. The
medusoid stage is absent,
while the hydroid stage is
solitary and sedentary, al-
though capable of detaching
itself from the substratum
to change place.

Hydra is about 4-10 mm
in length, and feeds on small
crustaceans such as Daphnia
and Cyclops,and some other
small animals, Three species
are common : . fusca, f.
vulgaris and H. oiridis.
Symbiotic Zoochlorellae
live in the endodermal cells
of the last species giving the
animal its green colouration.
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a) External Features.
Examine a living Hydra
with a hand-lens and note :

— Body form, cylindri-
cal with a crown of
tentacles (6-8 in number)
on the free end; the other
end, at which the body is
narrowed, terminates in the
foot or basal disc. This
secretes sticky mucus for
adhesion to the substratum.

— The oral cone or
hypostome, around which
the_tentacles are arranged.
The mouth lies in the
middle of this cone.

* Disturb the animal gently and
note its rapid contraction result-

‘ing in the shortening of the body..

Compare the length of the tent-
acles to that pf the body.

Examine a whole mount
of Hydra* under the micro-
scope and note, besides
above features :

— The enterom or
gastrovascular cavity is
the only cavity to the body.

* This can be prepared in the
following way. Put Hydra in a
watch glass with a drop of water,
leave' it to expand, then slant
the watch glass, and quickly add

a drop of hot Bouin. This kills

and fixes the animal which can
then be stained, dehydrated and
mounted.
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It extends into the tentacles
and has one inlet, the
mouth,which at the same
time acts as an exit.

— The body wall is for-
med of an outer ectoderm
and an inner endoderm,
each of them being  one
cell in thickness, and in
beiween them there is
a structureless lamella,the
mesogloea, This construct-
ion continues into - the
tentacles.

— The tentacles, are
covered by protuberances,
each carrying a battery of
nematoblasts.

— The buds, not always
present, are of different
sizes; they are usually con-
nected to the body of the
parent at the connection of
its two lower thirds. At first
small, a bud then grows in
size with an extension of the
enteron, develops an oral
cone and tentacles, and
firally separates from the

parent to lead an
independent life (asexual
reproduction).

— The gonads, or organs
of sexual reproduction,
are  merely  accumul-
ations of cells arising in
definite sites on the body.
Hpydra is either hermaphro-
dite (monoecious) deve-
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loping both types of gonad
in the same indivudual (but
testes develop first and then
shed, ovaries developing
afterwards —protandrous
hermaphrodite), or uni-
sexual (dioecious), that
is, the sexes are separate.
The testes appear as
conical swellings near the
oral cone, while the ovaries
are formed about the mid-
dle of the body, and their
size¢ depends on their
maturity.

— Make drawings of Hydra
to show 1its external features.

b) Structure of Body
Layers (Histology).

Examine a T.S. and an
L.S. of Hydra and note :

i. In the ectoderm :

-~ The myo- or musculo-
epithelial cells have broad
outer ends which meet and
form the surfacc of the
body (hence epithelial).
They rest by their narrower
innerends on the mesogloea,
where they give off processes
or fibrils which run at right
angles to the cells and pa-
rallcl to the long axis of the
body. These processes are
contractile(hence muscular)
and when they contract
cqually on all sides the body
is shortened.
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— The interstitial cells
are small, rounded and lie
in the interstices between
the musculoepithelial cells.
They are not differentiated
cells and seem to retain the
properites.of embryonic cells
as they may give rise to any
of the other kinds of cells,
especially the nematoblasts
and germ cells.

— The nematoblasts
(or cnidoblasts), peculiar to
the coelenterates, are
extremely specialized cells
for defence and offense.
They appear in groups or
batteries, particularly nu-
merous on the tentacles.
Each has an ovoid body
and a basal nucleus. Its
distal end is exposed to the
surface and from it projects
a short sensory bristle, the
cnidocil or trigger. Inside
the cell, there is a peculiar
stinging structure called the
nematocyst. Different
types of nematocysts are
known in Hydra , the largest
and most important are the
penetrants. FEach is a
pear-shaped capsule with a
lid or operculum on top.
It is filled with a fluid and
its outer part is tucked in
and produced into a long,
_ hollow, capillary thread,
which lies coiled up in the
capsule.  The thread is
thickened at its base, where

—> 56

Wb ¢ Aol LU
Sl gy Bka B
cidanall LIl LYy 23S0
S PRWPRTTRCRT, S Y
S dapdl U ol Jadzs
o g sl b Ly Of (e ol
A
(Bl Do) LSl Lol
LM 2y ¢ Lt Olilys —
Lo LT ¢ b byl Aol
o ot on AW v
Slegez & el 2y . ¢ smebly
S5 (bl Ol
U il e el oy
a5 o oo o il
Sl L ey ¢ Auteli aly
bS8 Copm hadl Jo A1
ol Bals (p B0 Ao Bpnd
FAER J,‘-L.\.: Aoy L AU _,‘
S e G Y Ol
o k2 b Oy L ladl
Wy Te bl od Lhadt uls™)
Ble e J5 ¢ ol »
sl U JS.:.“ 11_;.5‘ ihae ¢
o) WSH e iy L il B
) dews Wl by ¢ Pl
byns Ssb T 05 Joll
i s el ooy Ol

Slide il

o1



it carries a number of
stylets and numerous small
barbs. When discharged
by chemical and tactile
stimuli, the thread is shot
out turning inside out,
penetrates into the tissues of
the prey or enemy, and
injects a fluid in it that has
a paralysing effect. Other
types of nematocysts differ
from the penefrants in the
length of the thread, the
number of the stylets and
barbs, and in the particular
role that each plays in
capturing the prey, either
by penetrating its tissues,
adhering to it, or coiling
around its parts thus grap-
pling it

— The nerve cells are
bipolar and multipolar cells
which lie at the base of the
ectederm next to the meso-
gloea. Each gives off a
number of branched proces-
ses (nerve fibres) which
connect with other processes
of adjacent cells forming a
nerve-net.

— The semsory cells
are narrow columnar cells.
Each has a small projection
exposed to the surface and

is connected at its base with
the nerve-net.

~— The reproductive
cells are found in mature
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individuals only. They
arise from the interstitial
cells by cell proliferation
and [orm the gonads, either
testes or ovaries.

— The mucous cells
are particularly abundant
in the basal disc.

ii. In the endoderm :

~— The mutritive cells
or musculo-nutritive cel-
Is are tall columnar cells
drawn out at their bases,
i.e. towards the mesogloea,
into contractile processes
which run parallel to the
circumference of the body.
Their contraction causes a
lengthening of the animal.
Some of these cells carry
flagella (producing a water
current) while others thrust
out pseudopodia,and both
contain food vacuoles in
which some food particles
are digested (intracellular
digestion).

— The glandular cells
are wedged in between the
musculo-nutritive cells and
have no contractile proces-
ses. They are heavily
granular and pour their
enzymatic secretion into the
enteron (for extracellular
digestion).

— Among the endoder-
mal cells there are also
sparse interstitial cells which
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migrate from the ectoderm
as needed, nerve cells which
form another nerve-net on
the inner surface of the
mesogloea, few sensory cells,
and some mucous cells
around the mouth, but no
nematoblasts.

— Make labelled drawings
of a T.S. and an L.S. of
Hydra as seen under boih
powers of the microscope.

0. Obelia

This is a common and
cosmopolitan marine coclen-
terate of the order
Calyptoblastea. It 1is
dimorphic, exhibiting two
different forms in the life-
cycle, a hydroid and a
medusoid.  The hydroid
form is colonial, sedentary
and lives attached to weeds
and rocks between tide-
marks. It reproduces
asexually giving  the
medusoid form. This is
solitary, free-swimming and
reproduces sexually giving
rise to the hydroid form
again, the two forms or
generations alternating
regularly with one another
in the life-cycle.

a) The Colony.

Examine a whole mount
or part of a colony of Obelia
and note :
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— The hydrocaulus or
stem has stalked polyps or
zooids arising in a cymose
fashion on both sides of
it. Itis fixed to the
substratum by a branching
root-like portion called the
hydrorhiza. The stem is
in the form of a tube, its
cavity being the enteron
which 1s continuous with
that found in the different
zooids and through which
the nutritive fluid is dis-
tributed. The wall of the
tube is built also of the
same layers as those of
the zooids, namely of an
outer ectoderm, a thin
mesogloea and an inner
endoderm, all forming
together the coemosarc.
The ectoderm secretes a
horny flexible outer case
(exoskeleton) called the
perisarc which is cont-
inuous over the whole colony.
The perisarc is annulated
atintervalstoallow bending.

— The hydranth, is the
feeding zooid or polyp and
is similar to Hydra in many
respects. It is protected by
a cup-shaped structure, the
hydrotheca, continuous
with the perisarc.  The
hydranth has a prominent
oral cone or hypostome
with a ring of tentacles
(about 24) in the centre of
which themouth opens.The
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body wall is built of the

ectoderm, mesogloea and

endoderm enclosing the

enteron, all continuous with

those of the stem. However,

the enteron does not project into

the tentacles, the latter being

solid (cp. Hydra), with a

solid central core of
endodermal cells, and carry
numerous nematoblasts on
the surface. A circular shelf
extends inwards from the

hydrotheca at the hydranth

base as a diaphragm which

. narrows the opening into

the stalk and prevents the

passage of large food

particles.

— The blastostyle is
the reproductive polyp
which has lost the tentacles,
mouth and capacity to feed,
and become specialized for
asexual reproduction. Each
arises as a hollow extension
of the coenosarc enclosed in
a vase-shaped extension of
the perisarc called the
gonotheca, with a distal
aperture.A blastostyle grows
at the base of a branch of the
stem carrying a hydranth.
Along the sides of the blasto-
style medusae - buds are
formed, which on maturity
separate off and leave the
gonotheea  through its
aperture to swim freely
away from the colony (thus
disseminating the species).
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— Make a labelled drawing
of an Obelia colony.

b) The Medusa.

Examine a medusa of
Qbelia and note :

— The general form,
umbrella-like, with the rim
fringed with tentacles car-
rying nematoblasts, with a
dorsal convex surface, the
exumbrella, and a ventral
concave one, the sab-
umbrella. The manu-
brium hangs down from
the centre of he sub-
umbrella and bears the
mouth opening at its free
end. A narrow ridge rich
in muscle fibrils, the velum,
projects inwards around the
whole edge of the sub-
umbrella.

~— The gastrovascular
cavity (enterom). The
mouth leads through the
manubrium into a small
gastric cavity in thecentre
of the umbrella from which
four radial canals branch
out and join at their outer
ends into a marginal or
circular canal. All these

canals are flagellated and carry

the food particles from the
manubrium,in which digest-
ion begins. The bases of the
tentacles are swollen where
digestive juices are also
secreted.
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The ectoderm covers the
exumbrellar and subum-
brellarsurfaces,the tentacles
and the manubrium.
The endoderm lines the
system of gastrovascular
canals and the manubrium,
extends as a compact sheet
between the canals, and
further as a solid core inside
the tentacles. All the space
left between these two
epithelial layers is filled
with thick mesogloea.

— The statocysts, 8 in
number, two in each inter-
radial region, are hollow
balance organs attached to
the bases of 8 tentacles.

— The gomadsare 4in
number. Thie sexes-are separate
but not externally distingui-
shable. Gonads appear as
ectodermal swellings, each
hanging below a radial
canal, and discharge to the
outside, .'

— Make a labelled drawi'ng
of a medusa.

— Compare the organ-
ization of the medusa with
that of (i) the hydranth and
(ii) Hydra.
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B — Class SCYPHOZOA
(SCYPHOMEDUSAE)

This class includes all the
larger jellyfishes which are
entirely marine animals in
which the medusa is the
predominant phase; the
hydroid stage being very
much reduced and included
in the life-history only as a
polypoid larva. Gonads are
endodermal and discharge
into the enteron.  The
enteron is divided by ridges
into four gastric pouches
and bears some endodermal
tentacles (gastric fila-
ments). There is an
extensive system of radial
canals.

Aurelia

This is a very common
jellyfish of a world-wide
distribution and belongs to
subclass Discomedusac.
It is readily recognized by
its gelatinous umbrella
which is 7-30 ¢cm or more
in diameter, and by its
4 pink horse-shoe-shaped
gonads which lie near the
centre embedded in the
jelly.
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The sexes are separate;
fertilization occurs inside the
female medusa. A planula
larva is formed which, after
leaving the mother, swims
for some time, and then
settles down transforming
into a polyp known as the
scyphistoma. This stores
food, multiplies asexually
and sooner or later it deve-
lops a series of horizontal
fissions which gradually
deepen forming a number
of discs, simulating a pile of
saucers. The process is
known as strobilization
(or strobilation). The
discs separate successively
giving rise each to an
ephyra, which is a small
larval medusa. This type of
life-history is characteristic
of the Scyphozoa.

a) The Medusa.

Examine the medusa of
Aurelia, using a hand-lens
if necessary, and note:

— The general form,
umbrella-like butlessconvex
than that of Qbelia. A very
short manubrium hangs
from the subumbrella with
the four-cornered mouth in
its centre. The lips at the

four corners are greatly elong-

ated forming the oral lobes
orarms which are deeply
grooved and bear nemato-
blasts along their edges.
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— Fringe of numerous
short marginal tenmtacles
beset with stinging cells
(ncmatoblasts) and set
closely together except
where they are interrupted
by 8 marginal notches, each
of which contains a tenta-
culocyst (sensory in func-
tion).

— The gastrovascular
system (enterom). The
mouth leads into a small

central gastric cavity which

is extended into four
gastric pouches (inter-
radial). These contain the
gonads, and close inside
each gonad ring is a pro-
minent row of gastric
filaments which carry
nematoblasts and digestive
gland cells.

From each gastric pouch
two unbranched adradial
canals Stotal 8) lead into a
marginal circular canal,
and a continuous current of
water passes through them
conveying food particles
from the gastric pouches.
From the circular canal four
branched interradial can-
als and four branched
perradial canals lead in-
wards towards the gastric
cavity and pouches con-
veying the current of water
out.

~ The gonads, either
testes or ovaries, are horse-
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shoc-shaped, 4 in number in
either case, and lie in the
floor of the gastric pouches.
In the female, the edges of
the oral lobes are convolu-
ted and white spots may be
seen lodged in their con-
volutions. These are the
developing planulae.

~— Make a labelled drawing
of the medusa of Aurelia.

b) Developmental stages.

Examine stages in the
development of Aurelia :

~— The planula larva
is ovoid , with ciliated
outer ectoderm,and inner
endoderm.

~— The scyphistoma
before strobilation rese-
mbles Hydra with a circle
of tentacles and mouth,
but with the gastric cavity
divided into four gastric
pouches,

— The scyphistoma
is trumpet-shaped, with 16
tentacles and signs of
horizontal fissions.

— The ephyra isasmall
medusa with the umbrella
divided into 8 long forked
arms, a manubrium with
the mouth in the middle,
gastric cavity, gastric
filaments, and 8 pro-
minent tentaculocysts,

— Make drawings.
— In what respects does
Obelia differ from Aurelia ?
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C — Class ACTINOZOA
(ANTHOZOA)

This class comprises the
sea anemones and reef-
building corals which are
entirely marine. They are
either solitary or colonial,
and exist - only in the hydroid
stage, the medusoid one being
absent. The oral end is
expanded radially into an
oral disc bearing hollow
tentacles, the enteron is
subdivided by endodermal
septa or mesenteries, and
the entrance to the enteron
is by a stomodaeum. The
gonads are endodermal, The
Actinozoa are divided into
two orders, Alcyonaria
and Zoantharia.

\

C, — Order Alcyonmaria
(Octaradiata)

Actinozoa with 8 pinnate

tentacles, § mesenteries,
one siphonoglyph in the
stomodaeum, and the
muscle bands on the mesente-
ries face the siphonoglyph.
They form spicular skeleton
in the mesogloea.
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Alcyonium

Alcyonium, the dead men’s
fingers, is cosmopolitan and
lives in colonies growing on
rocks and shells; the sexes
are separate; the zygote
forms a planula larva which
settles down and is trans-
formed into a polyp, which
by budding gives rise to a
colony.

a) The Colony.

Examine a colony of
Algyonium, and note :

~— The coenenchyme
is a lobed fleshy mass from
which the colony is built;
the polyps project on the
surface by their oral ends.

— Draw.

-b) Isolated polyp.

Examine a stained pre-
paration of a whole mount
of an isolated polyp and
note :

— The tentacles are 8
pinnate and arranged in a
circle around the oral disc;

extensions of the enteron -

pass into them.

— The mouth is slit-
like in the centre of the oral
disc, and leads into the
stomodaeum which hangs
in the enteron.

— The mesenteries, 8
in number, extend
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between the stomodaeum
and the body wall thus
dividing the cnteron into
8 chambers. Below the
stomodaeal level, the free
ends of the mesenteries are
thickened into convoluted

cords or gastric filaments.

c) T.S. of the Polyp
Through the Stomodaeal
Region.

Examine and note :

~— The body wall con-
sists of ectoderm, thick
mesogloea and ‘endoderm.

— The stomodaeum, in
the middle,islined with
ectodermal cells and has a
prominent ciliated groove
on one side (which is com-

monly described as ventral).

This is the siphonoglyph
or sulcus which drives a
current of water into the
enteron for respiratory

purposes.

—The mesenteries are
8 longitudinal partitions or
septa running radially bet-
ween the body wall and
the stomodaeum. Each as a
double layered endodermal
sheet, with mesogloea bet-
ween the two layers, and
carries 2 band of muscle
fibres on its sulcal side.

— Make a labelled drawing.
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d) T.S. of the Polyp Below
the Stomodaeum.

Examine and note features
as in (c), except that the
mesenteries here are fast-
ened to the body wall
along the outer edge only;
the other free edge is thick-
ened into a cord known as
the mesenteric filament.
The filaments of 6 mesen-
teries are loaded with gland
cells which secrete digestive
enzymes, those of the other
two are heavily flagel-
lated. The latter are des-
cribed as the directive
mesenteries for they direct
the respiratory water cur-
rent up towards the mouth.
Note that these are asulcal
(on the opposite side of the
siphonoglyph) "in pesition.
The gonadsare endodermal
and develop in all except
the two sulcal mesenteries.

— Make a labelled drawing.

C, — Order Zoantharia
(Hexaradiata)

These are solitary or
colonial Actinozoa with
tentacles usually simple and
number six, a multiple
of six,or are indefinite in
number; usually with two
siphonoglyphs;  directive
mesenteries have muscle
bands facing outwards;mesen-
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teries are six primary pairs
and often with secondary,
tertiary and even more pairs
with muscle bands facing each
other on each pair.

This order includes sea
anemones which are devoid
of skeletal formations, and
reef building corals with
extensive ectodermal stony
(not spicular) skeleton.

1. Sea anemones

Sea anemones are cosmo-
politan, marine, solitary and
of variable size. They lack a
skeleton.

a) External Features.

Examine the sea anemone
provided and note :

— The body form,
cylindrical with a basal
disc for adhesion to sub-

stratum, and an oral disc .

which bears the tentacles,

arranged in whorls, and has
the mouth in the centre.

— The stomodaeumis ;) Sy ¢
seen through the mouth if

the specimen is well expand-
ed, and has two deep
ciliated siphonoglyphs or
sulci which maintain water
circulation in the gastro-
vascular cavity,

b) T.S. Through Stomo-
daeal Region.
Examine and note :

75

dor b TSy ¢ Lohaz) £yl
25T 23 3ig Tyt 8L s
ae By 5 JSarl L dlS
el faell s 1G] s oo

o a3 S G sl Gl
OlasiJl ks RJJ" PRTY Ju'-'é, ‘
iy oS 0 83,2 oy ¢ A
ool Tal ot 157, LAl
Gl KA 13 el LU
(S e OSALY)

SIS Okl Gaas —

dle 80 oladl Gl
cfb,..»?li.ih;‘- ¢ 8o ¢ 4,2
LS e S

<Ay il — |

& Jaall Oleatl 335 jesil

L O

¢ Glhal 42y < o S —
¢ NAL Slad M gasl o 45
s N palll Jot B oy
b O ol 03 Sl
e [
o LAl IS 13) A D
o 4 ¢ L Bl
Ol Oldge Sl yo Olagus]

el O s ) e T

gl
« oAl s e, té —
DOy el

Ve



~— The body wall
consists of the ectoderm
which is rich in mucous
cells, the thick mesogloea
with numerous fibres and
wandering cells, and the
endodemm.

— The stomodaeum
is lined with ectoderm and

has two siphonoglyphs
or sulci.

— The mesenteries
are of three kinds; primary,
secondary and tertiary. The

. primary mesenteries are

6 pairs and extend from the
stomodaeum to the body
wall dividing the enteron
into radial chambers. The
muscle or contractile fibres
are largely endodermal.
Each of the mesenteries
carries a band of muscle
fibres. The two muscle
bands of each pair of
primary mesenteries face
each other except those of
the directive mesenteries
(which lie one pair opposite
to each sulcus) which face
away from each other. The
secondary mesenteries
are also 6 pairs but in-
complete and shorter than
the primary ones. In
between these, there are 12
pairs of still shorter tertiary
mesenteries.

c) 'T.S. Below Stomo-
daeum.

Note same features as in
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(b) except for the absence
of the stomodaeum, the
presence of the septal or
mesenteric  filaments
which carry nematoblasts
and digestive gland cells
and appear as trilobed
swellings on the inner free
edges of the mesenteries,
and the presence of the
gonads on all the larger

mesenteries  except the
directives.
— Make a labelled drawing.

— Compare the structure
of Alcyonium with that of a
sea-anemone. In what re-
spects does each differ from
the other ?

2. Stony Corals

The stony or true corals
flourish especially in the
tropical and subtropical seas
and form coral reefs and
islands. They are either
solitary or colonial with
a calcareous exoskeleton.
Coral reefs:are abundant in
the Red Sea. Numerous
examples are provided such
as Fungia, solitary, and
Favia, Acropora, Echinopora,
Coeloria... etc. are colonial.

A colonial coral consists
of a great number of polyps
which resemble closely sea-
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anemones in their anatomy.
However, a polyp here has
a basal cup of calcium
carbonate termed the theca
secreted by the ectoderm,
and during life the delicate
polyp can retract into it,
From the wall of the cup

a series of radially arranged
vertical plates or septa
project inwards and alter-
nate with the pairs of
mesenteries. The centre of
the cup is occupied by a

vertical rod or columella.

As the theca and the septa
grow higher, the spaces
between them  become
gradually filled up by
calcareous secretions from
the general surface of the
basal disc, thus the massive
skeletons of such corals are
formed. The living soft
tissue forms only a thin film
on the surface of the
skeleton.

— Make drawings of some
of the corals provided.

— What are the various
methods of feeding and
reproduction among the
Coelenterata ?

— What type of sym-
metry is characteristic of
coclenterates ? Is it of any
special importance to such
sedentary animals ?
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CHAPTER 1V

Phylum
PLATYHELMINTHES

Platyhelminthes or flat-
worms, together with all
the following phyla, are
“triploblastic Metazoa,
that is with -three germ
layers, the ectoderm ,
the endoderm, and the
mesoderm which occupies
the position of the meso-

gloea of the Diploblastia: ™"

Members of the present
phylum are characterized
by having no coelom
(acoelomate) and their
body 1is dorso-ventrally
flattened, bilaterally sym-
metrical and unsegmented.
The alimentary canal, if
present, - has—.a _single

opening, the mouth. The

excretory system contains
solenocytes or flame cells.
The reproductive system  is
complex and the animals
are usually hermaphrodite.
Platyhclminthes are typi-
cally free-living, but many
members live as parasites
(both ecto- and endopara-
sites) and this mode of life
has greatly affected their
structure and life-history.
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Platyhelminthes are class-
ified into three classes :
Turbellaria, Trematoda
and Cestoda. The Turbel-
laria are almost always
free-living, in salt and fresh
water and in damp situa-
tions. The Trematoda and
Cestoda are unexceptionally
parasitic.

A. Class Turbellaria

Free-living flat worms,
with a leaf-like body,ciliated
glandular epidermis, with-
out suckers, and the gut is
never bifid and the mouth
is posterior and ventral in
position.

The classification of the
Turbellaria is mainly based
on the structure of the gut.
Of its main subclagsés are :
the Acoela,without a hollow
gut; the Rhabdocoela,
with a simple straight gut;
the Tricladida, with a
g-branched gut; and the
Polycladida, with a
highly branched gut.

Planaria

Planaria and Dendrococlum
are two freshwater
triclads commonly found
under stones and on the
mud along the banks of
streams and ponds. They
are carnivorous, feeding on
small  crustaceans and
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worms which they entangle
in some sticky secretion and
then swallow through
a protrusible pharynx.

a) External Features.

Examine a living speci-
men of  Planaria  or
Dendrocoelum placed in some
fresh water in a watch
glass and note ;

The animal moves
somewhat rapidly forwards
in a steady gliding move-
ment through the help of
vibrating cilia covering its
body, and sometimes thro-
ugh the contraction of its
muscular body wall.

The body is small, elongat-
ed,dorso ventrally flattened
and bilaterally symmetrical
(compare with the radially
symmetrical coelenterates).
The anterior end develops

two lateral lobes and is
broader than the posterior

end which is somewhat
pointed. A pair of rounded
black eyes lie on the dorsal
surface close to the anterior
extremity, The meouth
opening is located in about
the fourth one-fifth of the
body length, and further
back lies the single median

genital opening.
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b) Internal Structure.

Examine a stained pre-
paration of Planaria or
Dendrocoelum and note :

— The alimentary canal
begins with the postero-
ventral mouth opening.
This leads into an invagina-
ted pit of the ventral body
wall, the pharynx pouch
or sheath , into which
lies a cylindrical muscular
pharynx (a highly mobile
organ that can be protruded
for a considerable distance
and withdrawn through the
mouth). It leads anteriorly
into the intestine which
immediately divides into g
branches or intestinal caeca,
one extending medially for-
wards and the other two curv-
ing backwards on both sides
till the posterior end of the
body. Each of these main
caeca gives off numerous
small ramifying side braches
or diverticula which end
blindly, thus the whole
intestine forms a ramifying
system  which  extends
through the greater part of
the body. There is no anus
(characteristic feature of the
phylum).

— The  excretory
system consists of a large
number of small branched
canals which collect in two
coiled longitudinal excret-

ory canals, right and
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left. These extend on both
sides of the body and open
anteriorly to the exterior
by several pairs of minute
excretory pores on the
dorsal surface of the body,
and are connected in front
by a transverse canal.
The small canals branch
again and again and the
ultimate branches end each
in a2 flame cell or solen-
ocyte ( =hollow cell). Thus
has some branched processes
and contains a number of
cilia  which move in a
flickering movement like
that of a flame, thus keeping
up a flow of excretory fluid

towards the excretory canals.

(This system is usually
regarded as excretory but
may also have a respiratory
function).

~ Thenervous system
consists essentially of a nerve
net as in coelenterates. In
addition there is an ag-
gregation of nerve cells in
the form of two cerebral
ganglia (or brain) at the
anterior end. From these,
2 main longitudinal lateral

nerves extend backwards and

give off numerous transverse
and anastomosing branches.
— The reproductive
system. The worm is
hermaphrodite and the
single genital opening lies
posterior to the mouth.
The male genital sys-~
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tem cosists of numerous
small rounded testes
disposed along the right
and left sides of the body.
Vasa efferentia from these
testes join into a long vas
deferens on eachside. Each
vas deferens dilates into a
vesicula seminalis,and the
two seminal vesicles open
into a muscular protrusible
penis which opens into the
genital atrium. This in
turn opens to the outside
by the genital opening.

Surrounding the penis is a
number of unicellular
glands often called the
prostate gland.

The female genital
system consists of two

small rounded ovaries sit-
uated near the anterior end
of the body. From each
ovary a long oviduct passes
backwards along the cor-
responding side of the body.
Numerous vitelline (or
yolk) glands are also found.
These arc in the form of
follicles scattered on both
sides of the body. They
send numerous branched
vitelline ducts which
open into the oviducts. The
two oviducts unite posterior-
ly into 2common median
oviduct which opens into
the genital atcium. A med-
ian rounded chamber, the
copulatory bursa*, and

» Somectimes called uterus or spermatheca
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a thick walled muscular
organ (of doubtful func-
tion) also open into the
genital atrium.

The fertilized egg 1is
surrounded  with  yolk
derived from the vitelline
glands and enclosed in a
protective egg-shell. The
embryo leaves the egg shell
as a small planarian, i.e.
development is direct.

— Make labelled drawings
to show the internal struclure
of Planaria.

c) T.S. of the Body.

Examine and note :

—The epidermis is the
outer layer formed of
ciliated epithelium. Some
of the epithelial cells are
peculiar in  containing
crystalline rod-shaped
bodies known as rhabdites
(these dissolve in contact
with water and transform
into a sticky fluid which
probably serves in adhesion,
in catching living prey and
in  protection  against
enemies). Following the
epidermis is a basement
membrane.

— The musculature
consists of outer circular
and Inner longitudinal
fibres. In addition there
are vertical fibres.

— The parenchyma is
a peculiar tissue of loosely
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packed cells with long ir-
regular processes and much
intercellular spaces. This
tissue fills up the interior
of the section and in it are
embedded cross-sections of
the gut as well as excretory,
reproductive and other
organs,

— Draw.

— Compare and contrast
between the general organi-
zation of the Coclenterata
and that of the Turbellaria.

B. Class TREMATODA

Trematodes or flukes are .

entirely parasitic Platy-
helminthes, with a leaf like
body, without ciliated epi-
dermis in the adult, but
covered by a thick cuticle.
They have suckers by which
they cling to the body of the
host, and bifid alimentary
canal, and the mouth is
anterior. They are divided
into two subclasses: Mono-~
genea, which are mostly
ectoparasites and develop
directly on a single type of
host, and Digenea, which
are endoparasites and deve-
lop in more than one host.

1. Fasciola

The liver-flukes belong to
the subclass Digenea which
usually have two suckers, an

anterior or oral sucker which
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encloses the mouth, and a

posterior or ventral one.They

live in the bile ducts of
cattle and other mammals
(primary or final host),
feeding on the bile and
causing the disease known
as “liver rot’’ as a result
of the irritation caused by
its cuticular spines; such
irritation is sometimes fatal.

The adult fluke,which is
hermaphrodite, lays its eggs
which pass with the faeces
to the outside. On reaching
water they hatch out of
ciliated larvae,the miracidia
(sing. miracidium), which
swim actively in water
searching for a particular
species of snail of the genus
Limnaea (secondary or inter-
mediate host),bore its tissues
and change there each into
a sac-like sporocyst. This
is essentially’ a' germinal
sac; the germ cells inside it
multiply and give rise par-
thenogenetically to a new
generation, the redia. This
in turn gives rise, also
parthenogenetically, to
another  generation of
daughter rediae and final-
ly to the cercariae larvac.
These leave the snail, swim
for a while, lose their tails
and encyst on aquatic
vegctation. When the prim-
ary or final host eats the
cysts, the small larvae are
liberated in its stomach
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and make their way to the
bile passages where they
grow to the adult size. An
alternation of generationsis
clearly marked, but instead
of sexual alternating with
asexual generations, the
sexual generation alternates
with generations produced
parthenogenetically.

a) External Features.

* Examine a piece of liver
infected by flukes (obtainable

from the slaughter house) and

note some of the flukes protruding
from the bile passages. Take

. some-of them_into a Petri-dish

containing saline and note their
ineffective movement.

Note their leaf-like shape
and measure their dimen-
sions-(variable according to
species). Thé ——common

species in Egypt and Africa—
in general is Fasciola gigantica

which infects cattle, sheep
and goats. Another species
is'F. hepatica. With a hand-
lens note that the anterior
end is marked by a conical
projection, the head lobe,
at the tip of which lies the
oral or anterior sucker
which surrounds the mouth.
Note also the posterior or
ventral sucker, which is
larger than the oral sucker.
It is saucer-like and lies at
the base of the head lobe.
In between the two suckers,
on the ventral surface, lies
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the genital atrium (which
contains two genital pores.
At the very posterior end
the excretory pore opens.

~— Make a labelled drawing
of the liver-fluke.

b) Intermal Structure.

Examine mounted,stained
and unstained, specimens
under a very low power

(don’t use the H.P.) and note:
— The alimentary canal
begins with the mouth
opening, This leads into a
short muscular pharynx
(sucks in the bile and pos-
sibly blood from the host)
which leads into an
extremely short and thin
oesophagus. This is fol-
lowed by the intestine
which divides into 2, right
and left, branches called
the intestinal caeca. Each
branch extends to the
postcrior part of the body
giving rise to some short
inner branches and num-

erous and much longer outer

lateral branches(often called
diverticula) which end
blindly. There is no anus.

— The excretory sys-
tem is best seen in a
specimen injected through
the excretory pore by a
suspension of Prussian blue
or China ink. It is then
seen to consist of a great
number of small canals
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which collect into a2 main
excretory canal that
extends along the middle
line in the posterior three
quarters of the body and
opens to the outside by the
excretory pore. The
small canals are branching
and their ultimate finer
branches end in flame
cells or solenocytes.

— The nervous system
consits of a circumoral
ring with nerve ganglia
from which mnerves are
given off. Of these, two
lateral nerves are much
larger than the rest.

— The reproductive
system is very prominent
and consists of two sets of
organs, male and female.

The male genital
system consists of two
testes lying approximately
in the centre of the body,
the left anterior to the right.
They are tubular and
branched and each gives off
a vas deferens. The two
vasa deferentia run to the
region of the ventral sucker
where they unite to form
the vesicula seminalis.
This is a large tube which
stores the spermatozoa.
From this vesicula, a narrow
ejaculatory duct extends
forwards into a retractilemu-
scular penis or cirrus, encl-
osed in a cirrus sac, and

opens into the genital atrium.
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The female genital
system consists of a single
branched ovary which lies
on the right side of the
anterior third of the body,
in front of the testes. An
oviduct leads out from the
ovary. A great number of
minute rounded follicles,
the wvitelline or yolk
glands, appear disposed on
cither side of the body
between the diverticula of
the intestinal caeca. Two
longitudinal  vitelline
ducts on each side drain
these glands and unite in
one tramsverse duct on
each side. The two trans-
verse ducts meet in a small
yolk reservoir,from which
a short median vitelline
duct runs forwards to join
the oviduct. Close to the
place where the oviduct and
median vitelline duct meet
there is a slight enlarge-
ment* surrounded by a
cluster of unicellular glands
often referred to as the shell
gland**. From there,a long

* Sometimes referred to as the
““ootype”, but the term is no more
-used now.

**Recently called**Mehlis’ gland™.
It was formerly thought to secrete
the egg-shell, but it is now known
that its secretion only aids in the
shell formation; the shell material
itself is largely formed from a
secretion of the yolk cells.
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wide convoluted tube, the
uterus, runs forwards to
open in the genital atrium.
Another  short canal,
Laurer-Steida canal (of
unknown function), extends
dorsally from the same point
and opens to the outside on
the dorsal surface.
Spermatozoa make their
. way down the uterus and
meet the ripe ova in the
region of the shell gland.
Fertilization takes place
there, and the fertilized
ovum is then surrounded
by yolk cells and a shell,
then falls into the uterus,
which usually contains
hundreds of such eggs.

— Make several drawings
to show the internal structure
of Fasciola. Label the parts.

c) T.S. of the Body.

Examine and note :
— The body layers are
from eutside inwards : a

thick cuticle with spinules,

both secreted by sub-
caticular cells which are
sunk in below the subcuti-
cular muscular layers.
Thus a proper cellular epid-
ermis is lacking. (compare
with Planaria). The muscle
layers are composed of an
outer circular layer and
an inner lomgitudinal
layer. Sections of the gut
and reproductive organs are

seen scattered in the section

95

Wb dnly Gyile 4yl L
i fL._in A ¢ gl 2
oD Ay L;A::JI AT
& hall dght Jf ol
z W S gl s 1 4yl
Y ) Mty gy 03 »
- (bl

g b & 4l OUlH 525
d et adl G 2N
U T P} - =Y
Lol bl ¢ cellia Clasyl
¢35 Uy oy 42 LD Bl
G o) G el ki ¢
coedllia o paSliagytledole

Qgﬁd&.ﬁidpcu)\....

. cpf)_,c a Y,:wldl ) J"-LL“ OL_AJ‘

el e

. FJ-" PPef B —=>

P Oy el

OB ¢ F.LJ ol —
25 ke e ¢ ol Jf - 5L
Cod e o) i LANSy IS ybe
Slidallcod faul 4] % bl
g 1Siay Ay il o Al
(UL Bl ) b Aol 32
LH> Gl op Al Sy
¢ A Lgb diby denl-
o bl LAl 8
5y gaan Ll slaeVly slaadl
PSS m g G e

LY



and embedded in the
parenchyma which fills up
the interior of the section.
Vertical muscle strands
traverse this parenchyma
from the dorsal to the vent-
ral sides of the body. No
coelom or blood uvessels are
present,

— Draw.

— How does Fasciola
respire ? Have you come
across any respiratory or
vascular systems in this
animal ? Note that bile is
nearly  saturated  with

oxygen.

d) Stages of the Life-
history.

— The egg. Examine a
sample of cattle’s dung
containing Fasciola eggs and
note the chitinous  egg-
shell with its operculum,
and the numerous cells
inside, of which anegg-cell

Lies in the middle,and the

remaining are yolk cells.
The egg is large in compari-
son with eggs of other
parasites,

— The miracidium.
This can be obtained by
incubating eggs in water,
It is a small free living larva
which swims by cilia that
cover the whole surface of
its body. It has a spindle
shape with a blunt anterior
proboscis or boring
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papilla, two eye-spots
(sensitive to light), two
flame cells (excretory),
and germ cells (repro-
ductive).

— The sporocyst. This
can be obtained from the
body of the snail. It is sac-
like and has a thin outer
cuticle and an epithelial
layer lining its cavity.
Numerous germ cells are
budded off from its lining.

— The redia. This can
also be obtained from the
snail. It is elongated, and
has a small mouth, a
suctorial pharynx, a simple
sac-like intestine and a
system of flame-cells. It
has also a birth pore which
lies a short way behind the
anterior end of the body.
Posteriorly, the body is pro-
duced into two posterior
processes, and in front of
the birth pore there is a
muscular circular ridge.

— The cercaria. This is
obtained from the snail.
It hasa heart-shaped body
and a long simple tail,
but has most of the adult
organs : two suckers, a
pharynx and a branched

intestine, an excretory duct,

and rudiments of the repro-
ductive organs, as well as
cystogenous cells which
will secrete the cyst when
the cercaria settles down on
grass blades to encyst.
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e) Snail Intermediate
Hosts.

Examine specimens of
Limnaea caillaud: , the inter-
mediate host of F. gigantica,
and Limnaea truncatula of F.
hepatica. Note that both are
dextral or right-handed,
without an operculum, the
former has a larger globose
shell with a short spire,
while the latter has a spiral
shell with a relatively long
spire.

— Make drawings of the
various stages in the life-history
of Fasciola and of its snail
intermediate hosts.

— Write an account of
the life- history of Fasciola.

2. Schistosoma ( Bilharzia)

This genus also belongs to
the order Digenea. Two
species infect man in Egypt
and live in his hepatic portal
vein and its tributaries
causing a disease known as
schistosomiasis or bil-
harziasis, one of the prin-
cipal scourges of thc country.
One species is S. haematobium
which drops its eggs in the
venules of the urinary blad-
der, passing out with the
urine, while the other, .
mansont, drops its eggs in
the venules of the rectum,
passing out with the faeces.
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The life-history is similar
to that of Fasciola, but lacks
the redia stage; the inter-
mediate host is again a
freshwater snail.

a) Schistosoma haematobium.

Examine whole mounted
specimens of §. haematobium
and note :

— Size and shape, the
sexes are separate but are
usually found in a pairing
condition, the male being
much broader but shorter
(10-15 mm long) than the
female (16-20 mm long).
The male has a cylindrical
appearance but is actually
flat, with the sides of the
body, posterior to the
ventral sucker, rolled vent-
rally to form the gynaeco-
phoric groove or canal, in
which the narrower female
is partly lodged. The female
has a cylindrical body, so
that it can pass easily
through the small blood
vessels for the sake of laying
the eggs; this is an adapt-
ation. The male has a
tuberculated skin with
numerous small caticular
papillae which help in
clinging. to the wall of the
veins on passing against the
blood stream.

— The suckers are two
in number, an oral and a
larger ventral sucker.
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— In the excretory
system, there are 2
longitudinal excretory
canals connected with
flame cells and open to
the outside by a single
excretory pore at the
posterior end of the body.

-—The nervous system
is similar to that of Fasciola.

~— The alimentary
canal starts with a small
buccal cavity which leads
into a thin ocesophagus
surrounded by an cesopha-
geal gland. The oesophagus
leads to the intestine which
divides in front of the
ventral sucker into two
intestinal caeca, but these
reunite in the posterior
third of the body forming
a single sinuous common
caecum

~— The male genital
system is formed of 4-5
testes which lie just pos-
terior to the ventral sucker.
A similar number of vasa
efferentia from these testes
unite into a very short vas
deferense which swells up
forming the vesicula
seminalis.  This opens
directly to the exterior
through the  genital
opening found just behind
the ventral sucker.

— The female genital
system consists of a single
elongated ovary which lies
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in the posterior half of the
body. The oviduct runs
forwards together with the
common median vitelline
duct and both unite, in the
region of the shell gland,
into a Jong uterus. The
latter extends forwards and
opens to the outside by the

genital opening  just
bchmd the ventral sucker.
Numerous vitelline glands
are found on either side of
the posterior half of the
body. Two lateral vitel-
line ducts lead from these
glands and unite into the
common median vitel-
line duct.

— Make drawnngs of S.
haematobium showing as much
as you can of its external
Jeatures and internal anatomy.

b) Schistosoma manson:.

Examine whole mounted
specimens of §. manson: and
point out the differences
between it and S. haema-
tobium :

— In the alimentary
canal, the two intestinal caeca

reunile in the anterior half of the
body.

— The testes are 8-g, and
the ovary lies anterior to the
middle of the body, thus the
uterus is shorter than in S.
haematobium and contains only

one egg.
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c) Stages in The Life-
history.
Examine stages in the life-

history of both species and
note :

— The egg. It has a
terminal spine in case of S.
haematobium and a lateral
spine in case of S. mansoni,
and both contain a fully
mature miracidium when
eliminated from the host.
(These can be obtained
from the urine and faeces
of patients respectively).

~— The miracidium.
This is ciliated, has an
anterior boring papilla,
penetration cells, and
. two pairs of flame cells,
but no eye-spots like those of
Fasciola.

~— The mother sporo-
cyst. This is similar to
that of Fasciola, and gives
rise parthenogenetically to
a generation of daughter
sporocysts which are
elongated, somewhat con-
stricted in the middle and
attain a relatively large size.
Each has a birth pore near
the anterior end through
which mature cercariae
emerge.

~— The cercaria. This has
an ovoid body, a long forked
tail, oral and ventral
suckers, bifid intestine
and histolytic glands. It
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does not encyst like that of
Fasciola but swims actipely in
water to infect man by
boring his skin when he is
drinking, wading or bathing.

d) Snail Intermediate
Hosts.

Examine epecimens of
Bulinus éruncatus, the inter-
mediate host of S. haema-
tobium, and note its globose
sinistral or left-handed shell,
as well as of Biomphalaria
alexandrina, the intermediate
host of S. mansoni, with a
flat discoidal shell.

— Make drawings of as
much as you can of the stages
in the life-history of the two
species of Schistosoma and of
their intermediate hosts.

— In what respects does
Schistosoma differ from Fas-
¢iola in : (i) anatomy, and
(ii) life-history ?
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C — Class CESTODA

This class comprises the
tapeworms, all of which are
endoparasites and lack an
alimentary canal throughout life
(an extreme case of adapt-
ation to parasitic mode of
life}. They have a great
power of reproduction, both
asexual and sexual.

They are divided into two
orders : the Merozoa (or
Eucestoda) which by stro-
bilation form numerous
proglottides, and  the
Monozoa (or Cestodaria)
which do not strobilize.

Taenia

The genus Taenia belongs-
to the order Merozoa among
whose characters is the pos-
setion of a head or scolex
with four suckers.Of the
species which infect man
are T. saginata (beef tape-
worm) and 7, solium (pork
tapeworm),the former being
the commoner in Egypt.
They live in the small in-
testine and absorb digested
food through their body
surface.

Taenia is a hermaphrodite,
each proglottis developing
both sets of genital organs.
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Self fertilization occurs with-
in the same proglottis or
cross fertilization between
different proglottides of the
same or other worms, but
since the eggs have no access
to the exterior, the whole
proglottis separates off from
the worm and falls with
the faeces to the outside
where the proglottis decays,
liberating the eggs. When
these are eaten by the
intermediate host (cattle for
T. saginata and pig for T.
solium) each egg hatches out
of an onchosphere or
hexacanth embryo. This
penetrates the tissues of the
host, settles down in some
of its voluntary muscles
and develops into a bladder
worm or cysticercus
larva which encysts and
remains as such until eaten
by man with insufficiently
cooked meat. In  his
stomach the cyst dissolves
and the larva reaches his
intestine to grow to the
adult size,

\
\-
\

1. Taenia ‘}aginata.
a) External Features.

Examine a preserved
specimen and note that it
has a very small scolex or
head at its anterior end,
followed by a narrow meck
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by the continuous growth
of which new proglottides
are budded off. The rest
of the body is ribbon-like,
very long (4-6 meters) and
formed of about 1000 pro-
glottides; those found just
behind the neck are the
youngest and much broader
than long, while the post-
eriormost ones are older,
much larger and are longer
than broad. On one edge
of each mature proglottis
is a small protruding
genital atrium in which
two genital pores are
found. The genital atria
are irregularly situated on
either side of the worm.

— Draw.

b) The Scolex.

Examine a preparation of
a scolex under the micro-
scope and note the four
large muscular suckers ;
no mouth or hooks exist.

¢) The Mature Proglottis.

Examine under the L.P.
(don’t use the H.P.) a mature
proglottis and note :

— The lateral nerve
cords are two in number,
and situated one on each
side of the proglottis.

—The excretory canals
are also two in number, run-
ning longitudinally internal
to the lateral nerve cofds.
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In each proglottis the two
canals are linked by a
transverse excretory
canal near the posterior
border of the proglottis.
These canals receive fine
excretory tubules which end
in flame cells.

— The hermaphrodite
reproductive  system
consists of two sets of
genitalia,

The male  genital
system develops first, and
is better seen in the young
proglottides. It consists of
numerous small scattered
spherical testes which
occupy two lateral zones of
the proglottis and merge
one into the other anteriorly.
Each testis gives off a small
vas efferens; all the vasa
efferentia unite to form
one common vas deferens.
This i1s highly convoluted
and passes outwards to
terminate in a retractile
penis or cirrus, enclosed
in a cirrus sac and opens
by the male genital
aperture in the genital
atrium.

The female genital
system consists of one large
bilobed ovary, which is
posterior in position. From
the two lobes of the ovary,
two tubes converge towards
the median line leading - to
the oviduct. This passes
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backwards and unites with
the vitelline duet which
drains the vitelline gland
that lies posterior to the
ovary., At the place of union
of the vitelline duct and
oviduct there is a small
enlargement surrounded by
clusters of unicellular glands
—the shell gland. The
female genital aperture
in the genital atrium leads
into a narrow tubular
vagina which runs inwards,
dilates to form the recepta~
culum seminis(that stores
spermatozoa ) and finally
joins thc oviduct in the
region of the shell gland.
From this point also comes
out a long wide blind tube,
the uterus, which extends
forwards. The ova are fertil-
ized in the region of the
shell gland, receive yolk and

a shell, and fall into the

uterus. The uterus is at first
simple, but in more mature
(gravid) proglottides, and

on becoming full of eggs,it

becomes much branched.

d) The Gravid Proglottis.

This 1s about three times
as long as broad, with a
much branched utcrus (20-
30 main branches on each
sidey"packed with eggs, and
aborted ovary, vitellinc
gland and testcs.
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— Make labelled drawings
of mature and gravid pro-
glottides.

e) T.S. of Mature Prog-
lottis.

Examine a T.S of a
mature progolttis and note:

~— The cuticle 1is thick
and secreted by subcuticular
cells sunk below the
subcuticular musculature.

— The musculature is
very elaborate, consisting of
a peripheral zone of subcu-
ticular circular and long-
itudinal layers, and an
inner mesenchymal zone
of longitudinal, circular
and transverse fibres.
Vertical mascle strands,
connecting the dorsal with
the ventral side of the
proglottis, are also present.

—The parenchyma fills
the whole space available
between the internal organs
and musculature,

— The ovary, wuteruas
and testes are scattered in
the parenchyma.

— The lateral nerves
and excretory canals lic
one of each on each side.

— Draw.
f) Stages in the Life-
history.

—The eggs arc obtained

from stools of patients in-
fected by the parasite. An
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egg is circular in outline
and contains a hexacanth
embryo (six-hooked) sur-
rounded by a thick brown
radially striated membrane,
the embryophore..

— The cysticercus
larva or bladder weorm,
is obtained from the flesh
of the intermediate host,
then sectioned and exa-
mined. It is a hollow sac
or bladder with an invagi-
nation at one end, of which
the scolex of the future
worm develops.

2, Taenia solium.

Examine specimens
T. solium and contrast with
T. saginata. Note that the
scolex of T. soliumis relatively
smaller and hasa rounded
prominent rostellum with
a double row of chitinous
hooks, the mature proglot-
tides quite resemble those
of T. saginata but the genital
atria are often regularly alter-
nating, the gravid proglot-
tides are about twice as long
as broad and relatively smal-
ler than those of 7. saginata
and the uterus is less branched
(7-10 main branches on
each side).

— Make a labelled drawing.

— How does the parasitic
mode of life affect the : (i)
structure and (ii) life-history
of the parasitic flatworms
you have studied ?
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CHAPTER V

PHYLUM NEMATODA

The thread, cylindrical
or round worms form
another group of
triploblastic acoelomate
animals. They are also
bilaterally =~ symmetrical
and unsegmented like the
flatworms. They have a
peculiar perivisceral
cavity. The body wall is
covered with a smooth,
non-chitinous cuticle and
has a single muscle layer
of longitudinal cells divided
into 4 quadrants. The
alimentary canal is straight,
simple, lacks muscles and
glands, and opens by a
mouth and an anus. The
excretory system comprises
few cells, both glandular
and excretory, and has a
single excretory pore. No
vascular or respiratory
systems, and cilia are totally
absent even in develop-
mental stages. Sexes are
usually separate, the gonads
are tubular, and develop-
ment is direct.

This phylum is one of the
largest phyla in the animal
kingdom as regards number
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of individuals and species,
which live either freely in
the sea, [resh water, soil or
on decaying organic mater,
or parasitically on other
animals as well as plants.

In spite of their very wide
dispersal, their anatomy 1is

remarkably simple and uniform.

A. Order ASCARIDATA

Nematodes with 3-6 lips
around the mouth, and
males have curved posterior
ends, 2 spicules and no
bursa copulatrix.

Ascaris

Some species of this genus
are among the largest
round worms known. A.
lumbricoides lives in the small
intestine of man, 4. megalo-
cephala (A. equorum) in the
small intestine of the horse

and A. vitulorum in that of
the cow. They resemble
cach other closely and differ
only in few dctails. Their
+ life-history is remarkable in
that the female lays about
1000 eggs every day, which
pass out with the faeces;
each develops an embryo
that moults inside the egg-
shell and is then ready to
infect a new host. Inside
the host, the shell dissolves,
liberating a voung worm
which makes a long journcy
in the bodyv. It gocs-to
the liver, heart, Iungs in
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which it moults twice, then
to the trachea, oesophagus
and finally to the small
intestine in which it moults
for the fourth time and
reaches the adult size. The
human species is usually
more common in children
causing to them serious
damages as it deprives them
when present in conside-
rable numbers, as they often
do, of much of their digested
food.

a) External Features.

(A. vitulorum is more easily
obtainable here and there-
fore usually used for labora-
tory studies).

Examine the specimen
provided and note :

— The body form, is
cylindrical, long (length
varies according to species
and sex being in 4. vitulorum
15-26 cm in the male and
22-30 c¢cm in the female)
and tapering at both ends.
The sexes are separate ; the
female is the larger, and has
a straight posterior end,
while the male is more
slender and has its posterior
end sharply curled ventrally.

— Four longitudinal
streaks run the entire
length of the body, 2 thin
white dorsal and ventral
lines, and 2 broader and
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darker lateral lines (some
of the internal organs show
through the transparency of
the body wall along the
latter two strcaks). These
four lines mark the internal
division of the muscles in
the body wall into four
guadrants.

— The mouth lies at
the anterior end of the body
and is guarded by three
finely papillated lips, onc
dorsal and two ventro-

lateral. The minute excret-

ory porelics on the ventral
side, 2 mm behind the
mouth. The genital aper-
ture in the female is situated
on the ventral side some
distance from the anterior
end (at about one third the
length of the body in A.
lumbricoides, one fourthin A.
megalecphela and one sixth
in A. vitulorum). In the male,
the genital duct joins the
hindgut and both open by
a common cleaca a short
distance from the posterior
end. A pair of minute
copulatory spicules pro-
ject from the latter aperture.
The female has a scparate
slit-likc anus.
— Draw.

b) Dissection.

* Lay the worm in the dissccting
dish with its dorsal side upwards,
Pin it down to the dish at its two
ends. Pour water to cover the
specimen.
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* Make a longitudinal incision
along the mid-dorsal line with
the help of fine scissors, or pre-
ferably a pin to avoid cutting the
internal organs. Since the body
may be twisted, care is needed to
maintain the proper position of
the cut throughout the length of
the worm. Pin aside the flaps of
the body wall. (In order to avoid
hardening the specimens they
should be stored in g5 parts §9%,
formalin, and 5 parts glycerine).

Examine and note :

— The alimentary
canal is straight, ribbon-
like and consists of three
parts,a short stomodaeum,
long midgut and a short
posterior  proctodaeum.
The first and third are ecto-
dermal in origin, the middle
one is of endodermal origin.
The stomodaeum is differ-
entiated into a short buccal

cavity followed by a short

muscular oesophageal
swelling (often called
pharynx).

— The excretory canals

are two in number, each
extending along ‘a lateral
line. An excretory canal is
an excavation in a single
excretory cell.

— The reproductive
system.

The male system
consists of a single thread-
like, much coiled testis
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which lies in the anterior
half of the body and passes
out into a coiled vas
deferens which dilates into
a wider but straight
vesicula seminalis. This

opens with a short muscular
ejaculatory duct into the
hindgut, and to the outside
by a cloaca. Note also the
two copulatory spicules
lying in two small pouches
dorsal to the ejaculatory
duct.

— The female system
consists of two thread-like
coiled ovaries, one anterior
and the other posterior.
Each leadsinto a coiled and
somewhat less opaque
oviduct. This leads into a
wide straight uterus. In
the case of A. witulorum,
the oviduct dilates into a

spherical chamber, the
receptaculum seminis,

before leading into the
uterus. The two uteri unite
together and form the single
vagina which tapers ant-
eriorly and opens by the
genital aperture.

The reproductive system
can better be traced from
the genital aperture to the
gonads. Note that the coils
of the gonads and their
ducts embrace the midgut.

* Squeeze a uterus on a slide,
cover and examine the eggs
under the microscope.
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Note that the egg is oval
in shape and surrounded by
a thick chitinized shell with

an outer albuminous mamm-

illated coat. The egg

contains an unsegmented
However, thes

zygote,

infective egg contains an
embryo.

— Make drawings of Ascaris
showing its internal anatomy,
and of ils eggs.

c) Microscopic Structure.

Examine transverse sect-
ions passing through the
bodies of the two sexes and
note :

— The body wall, is
composed of an outer thick
smooth cuticle secreted by
a protoplasmic symcytial
layer, the epidermis, in
which the cell boundaries
are not differentiated.

~— Four quadrants,
marked by the presence of
inward projections of the
epidermis, represent
the two lateral lines, each
of which contains an excre-
tory canal, and the dorsal
and ventral lines which
contain the dorsal and
ventral nerves respectively.

— The longitadinal
mauscle layer is composed
of longitudinal muscle fibres.

Each fibre consists of an
" outer contractile part which
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has fibrils running long-
itudinally and an inner
part of undifferentiated
cytoplasm containing the

nuclcus. Processes from the cyto-

plasmic parts are directed
in the two dorsal quadrants
towards the dorsal nerve,
and towards the ventral
nerve in the two ventral
quadrants.

The body wall contains

haemoglobin which has-an- -

affinity towards oxygen.

— The body cavity is
spacious and not lined by
any epithelium derived from
the mesoderm as a true
coelom. It is said to be
formed from large vacuoles
in a few enormous cells and
is often referred to as the
perivisceral cavity.

— The alimentary
canal is represented by the
midgut in the sections. It
is dorsal in position, is
built up of a simple column-
ar epithclium which rests
on a basement membrane,
and is lined by a thin
“cuticle’’.

In the female note :

— The ovaries are
represented by several
sections, since they are
coiled. Each section ap-
pears solid and circular,
with a central rachis around
which the reproductive
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epithelial cells are arranged
radially.

— The oviducts are
represented by two sections
(may be more or one), are

hollow and lined by a single
layer of elongated cells
which form a wavy lining.
~— The uteri appear as
two large sections which
occupy a large space in the
perivisceral cavity. They
are thin - walled and
contain numerous ova.

In the male note :

— Numerous sections of
the testis and of the vas
deferens.

— The vesicula semin-
alis is only present if the
section is taken in the
posterior region of the body.

— Make labelled drawings
of transverse sections of the
male and jfemale.

B. Order
STRONGYLATA

Nematodes with simple
mouth without papillae, and

males have 2 spicules and a
true bursa copulatrix.

Ancylostoma

The hookworm, Ancylo-

stoma duodenale, lives in the
small intestine of man and
is endemic to the Old
World, flourishing in all
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tropical and subtropical
regions. It is abundant in
Egypt, as well as in the

mincs in the colder countries.

It rasps the mucous mem-
brane of the intestine
causing ulcers and severe
anacmia. The sexes are
scparate. The eggs pass
down with the faeces and
hatch out of free-living
larvae, which moult twice

before they become infective

(comparc with Ascaris). The
larvac penctrate the skin
of the host, pass into the
blood stream and follow,
like Ascaris, a long journey
in the body: first to the
heart, lungs, then reach the
trachca from which they
pass into the ocsophagus,
and finally settle in the
intestine. There they moult
itwice and become adult.

Examine the preparations
provided of the two scxes
and note :

-— The size. The female
is bigger (10-18 mm long)
than the male (8-11 mn).
The anterior cnd is hent a
little dorsally in both sexcs.
The posterior end of the
fomale 1s straight and
pointed, while that of the
male is modificd into a
copulatory bursa (bursa
copulatrix) which grips
the femalc during copula-
tion.
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— The mouth opening
is directed dorsally and
leads into the stomodaeum,
which is differentiated into
a buccal cavity, lined with
chitin, and a long oeso-
phagus. The buccal cavity
or buccal capsule is armed
with two pairs of antero-
ventral teeth and one
pair of smaller postero-
dorsal teeth, while in the
floor of the capsule there
are two saw-like teeth. All

these teeth grip and tear
the intestinal mucosa of the
host. A long midgut
leads posteriorly from the
oesophagus and joins a
short hindgut which opens
ventrally through the anus,

—  Two  prominent
long cephalic glands,
open into the buccal cavity
and extend posteriorly as
far as the middle of the
body.

— Two  excretory
canals run along
the two lateral lines, and
join anteriorly by a trans-
verse duct. Two excret-
ory or cervical glands
are also attached to the
latter duct.

— In the male, there is
a single tubular coiled
testis which is continuous
with a vas deferens. This
dilates into a spindle-shaped
vesicula seminalis which
leads into a long ejaculat-

<«— 126

BIRVERA I fﬁ" dowd —
JFe dL sy el kel
o (B g e P
b g o Rt Bk
Ladl) dai) §1 ol Gy gl
L r g 3 Boedine ol e
SUs) or 555 Ackadl Zolad)
¢ L Jae W Bl LAl
b jlice Ol gl & oy oo
Ol oda by . SN
35Ky Sl LI L2l T
Sl Jgb daupa e to bl e i
Al d“’ P Jeny ¢l
o gl madl o cull T

Sipl ¢ Cpely colb —
Olakye ol gl § Olowcis
C el Crata o il

O£ ¢ Cnrlp] wld —
Oldosty (il ol g (e
(s GG b op oW 4
Ol of Olaarlt] QU Juasiy
et sV i1,

2 Al ¢ S Gy -
J3U sley ) iy Ly paily 3ty
b o by GS iy s
oo odny ¢ S A
Y4



ory duct, surroundcd by
a very prominent cement
gland and joins the hindgut

to open together by the
cloaca. Two long minute
copulatory spicules lic in
pouches dorsal to the
ejaculatory duct. The

copulatory bursa is flattened
and contains the genital
cone in the middle, a
dorsal ray and 6 paired
rays arranged in two
flanges of the bursa. These
rays arc fleshy and tactile
structures.

— Draw.

Examine anegg of Ancylo-
stoma, obtained from stools
of patients, and note its
small size, transparent shell
and an egg-cell that has

segmented into 4 large
blastomeres.

— Draw.

— How do the Nematoda

differ from the parasitic
Platyhelminthes which you
have studied, in their (i)
anatomy and (ii) adaptation

to the parasitic mode of
life ?
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CHAPTER VI L/‘,LJI,__:‘_,[_M

PHYLUM ANNELIDA

The Annelida or ring-
worms are metamerically
segmented, triploblastic
coelomate animals. Their
body is covered. with a thin
non-chitinous cuticle, and
the body wall is muscular
with outer circular and
inner longitudinal muscle
layers. They possess chaetae
but no ¢ontinuous exoskele-
ton. The body cavity is
coelomic and the excretory
organs are metamerically
arranged mephridia. The
gonads develop from the
coelomic epithelium and
discharge through paired
coelomoducts . The
nervous system comprises a
cerebral ring and a double
ventral nerve cord with a

double ganglion in each

segment. The larva when
present is a trochosphere.

Annelids are very success-
ful and live in the sea,
fresh water and on land;
cither active, sedentary or
ectoparasitic.

Only class Oligochaeta
will be considered  here
(for the other classes see
Vol. III).
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Class OLIGOCHAETA

This class comprises the
earthworms and their allies.
They lack parapodia and
have few chaetae and a
reduced cephalization. They
are always hermaphrodite,
the gonads are confined to
a few of the anterior seg-
ments,and their gonoducts
are cozlomoducts. Repro-
duction. is by copulation
and cross fertilization. There
is no free larval stage, but
the eggs are deposited and
develop in special capsules

called the cocoons, which
are produced by a modified
region of the epidermis
called the clitellum.,

The Earthworm
Allolobophora

Earthworms live in damp
soil which is not too acid.
They abound in the fields
and gardens where they
build burrows, engulfing
earth particles mixed with
organic matter, which latter
they digest. The defecated
earth collects on the sides

and also at the mouths of
burrows forming worm
casts, thus aerating the
soil and enriching it with
nitrogen-containing com-
pounds. Earthworms are
nocturnal, that is, they be-
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come active by night, and
retire to their burrows
during the day. A very
common earthworm in
Egypt is A. caliginosa.

a) External Features.

* Living earthworms can be kept
for some weeks in 2 wooden box
filled with soil to a depth of gocm.
The soil should be kept damp and
some rotted cow or horse manure
and pieces of bread should be
added (buried 3 cn deep) about
once a fortnight. The box is to
be covered with a sheet of glass.
* Earthworms are narcotised
slowly in water to ‘which crystals
of magnesium sulphate or chloro-
form water are added. When they
become flaccid they may better
be dissected immediately.

* Prescrvation of earthworms is
carried by putting the narcotized
worms in 5% formalin. It would
be better to put the worms in glass
tubes, open at both ends, and laid
horizontally in a basin full of the
formalin.

Examine living, narcotiz-
ed and prescrved specimens
and note :

— The body form is
cviindrical , pointed
antcriorly and  dorso-
ventrally flattenced postcrior-
lv. The dorsal surface is
somewhat darker in colour.
The mouth and anus open
terminally at thc anterior
and posterior ends respect-

<— 130 -

8T Wy e ) S
Oy oo Tar WLE 4 a5
05 g8 Ty g ae g o)V

C_,gl.«i i L) bl Lis Se s
e ¥ g B AL e A Gk
sl Bl by B Ul Lids- Ty
CJ:.J‘-' SV AN &y e Ghae 6 gee
TuA G g e g
Jf:.b-i_,:fct...ﬂ;,.r. i &-‘
o rob Grall iy £ Cam)
. E_".'J"I
iy ¢ sday U.a.)?‘ Olulié Jliy @
oyl ] Sla L3 G
¢ po iy IS sl somzill Oy 28
il Ur s 3y Olagll C;..m' L disy
. ol Jb CJ.S O‘
‘_3. :)-l;‘ bl-\g-lﬂ C:;_,)' :)‘-l-;-m Linyy #
C:)_,: 0‘ J..a‘.'-“ N ,;:Jl.a_)_,i YA
Gl Gopzde Ll il g olagl
pJA ol d' J’i C:.!;J a CJ); r:
. oy sdl

SJA';J i~ Ole ua.xi\

: u:.J) bz
cébh\j_,,a_, ‘(’}:‘ J{.’z —
FTCPYRIAYOR TEYR N
¢ sk b ol g phalis
¢ ey o5l ekl ch..Jb
g 'l fé“ =y . O
do MO Caldl ALY sl

\ye



& g

A g

prostomium prostomium 3
A T Fabvstlil ~aco
Serissorsion peristomium e,
: ‘ Al Slal -
) f"‘Ll Jis - copulatory paplilae —
body segments 4l Sleagdl wyis 10
* spermathecal pores
= e o jle Ol Y Dbt Sl e
Intersegmental female genical openings ;
grooves 5
Ok 5~ Sl Hlesezdll iR,
male genital openings e
e s
. clitellum LU i oyl R P
3 nephridiopores T p
gyl =
i oyl chaetae e
dorsal pores \ ot f26
a0
clitellum =
5 ﬁ E
- . R K
¥ ,/ A Jd . pubcrg:'re:‘ St L“
/' . prostomium (1‘ . .: :
e ‘.. ’ moulh \-‘ " "
P Gy e el
: peristomium

-

X ntapaldl 3 Slemaddl DU
' suprapharyngeal ganglia

\ muscle strands

'
i

(Dorsal view (¢b )

Il Jy- (g Ugha

uceal region

(A

circumpharyngeal pharynx %,
commissure ) o ks e :
% e e Al
i — —— 10 oesophagus

L3 ol

nseydohearts

Pow—

2 v WARCH]
7Y coelomlc chambe

55ed8 1l (o Was s
ALLOLOBOPHORA CALIGINOSA

g‘"“"" (sl i)

(Ventral view)

. ' . |
{ e gl :1;;}
; Intersegmental septa P
' /
v/ ) Sl i
: nephridia il
; gizzard
U sl gpdlale)l
' dorsal blood vessel
Y .
N wladl gyl sl ‘o\uqi'
, ventral blood intestine
N vessel e
™ R Gyl 2
T - N " typhlosole
Wl e 2 ° - aale:l gl gl Ji
e o i e Bl ::iul 'nerv:J:‘o-rd
ey Dissected anterior region



ively. The body is divided
into a great number of
segments , separated by

conspicuous intersegment-
al grooves.

— The eclitellum(secret-
es the cocoon) is the thick-
ened skin of segments 26-
34, and lies on the dorsal
and lateral sides concealing
the segments. These, how-
ever, are distinct on the
ventral side, where the edges
of the clitellum are thick-
ened on segments 31-33
forming two puberty
crests,

— The head is composed
of a peristomium (first
segment) surrounding the
mouth,and a prostomium
which is dorsal and forms
an upper lip that extends in
front of the mouth; the
prostomium is not to be
considered  a segment.

— The chaetae or setae
are minute chitinous struc-
tures which can be felt by
passing the finger from be-
hind forwards on the ventral
surface of the worm (pre-
ferably preserved). Every
body segment, except the
first and the last, carries
four pairs of chaetae, two
pairs on the ventral surface
and one pair on each lateral
side. Use a hand-lens to see
that the chaetae are directed
backwards.
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* Strip off a small piece of the
body wall with the forceps and
examine under the microscope
and note that the chaetae are set
in pits with their ends protruding.
Boil the body wall in a conc, solu-
tion of KOH to extract the
chaetae and examine them
through the microscope.

b) The External Body
Apertures.

(Use a hand-lens to see
them). They are:

— The mouth and

anus are pointed to before.

— The male genital

apertures are the two
openings of the vasa
deferentia, slit-like, with

thickened lips and lie on the
ventro-lateral sides of seg-
ment I5.

— The female genital
apertures arc the two
openings of the oviducts.

They are small and lie ventro-

laterally on segment 14.

~— The spermathecal
pores are two pairs of
very minute openings which
lie in the interesgmental
grooves between segments
9/ 10 and 10/11. They are
surrounded by three pairs
of copulatory papillae on
segments Q-II.

— The dorsal pores
are very minute pores which
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communicate the coelom
with the outside. They lie
mid dorsally on the interseg-
mental grooves starting with
8/9 to the posterior end.

* Dry the outer surface of a
specimen thoroughly and then
gently squeeze the body so that
fluid oozes from them.

— The excretory pores
or mephridiopores are
the minute pores of the
nephridia to the outside.
They are ventral in position,
two per segment, except the

first three and the last segment

where they are absent.

— Make labelled drawings
of the earthworm as seen from
the dorsal and ventral sides.
Enlarged drawings of the
anterior end (head), clitellum
and isolated chaetae are necess-

ary.

c) Dissection.

* Both narcotized and preserved
specimens should be used. Pin
down the worm at its two ends
to the dissecting dish, dorsal side
upwards.

* Make a longitudinal mid-dorsal

. incision, using very fine scissors and

taking great care not to go deep
with the scissors so as to avoid
injuring the internal érgans. You
may slit open the worm while you
hold it in your left hand away
from the dissecting dish (Fig.
27). Pin aside the flaps of the
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body wall. Note the interseg-
mental septa between the
compartments  into which
the capacious coelom is divided.
i) The alimentary canal.

— The buccal region
extends in segments 1-2
and opens with the mouth
in front.

— The pharynx (seg-
ments 3-5) is thick-walled,
muscular and connected to
the body wall by numerous
muscle strands.

— The oesophagus
(segments 6-14) is narrow
and thin-walled.

— The crop (segments
15-16) is dilated and thin-
walled.

— The gizzard (seg-
ments 17-19) is thick-walled,
highly muscular and serves
to grind the food aided by
small pebbles in it.

— The intestine ex-
tends along the rest of the
body and opens to the
exterior by the amuson the
last segment. It is yellowish
because it is covered by a
layer of yellow or chlora-
gogenous cells which are
modified peritoneal cells
full of waste material.

* Remove a part of the intestine
open it ventrally, and wash away
its contents and notice the
typhlosole which is a dorsal long-
itudinal fold that projects into
the lumen of the intestine and
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serves to increase its digestive and
bsorptive area.

ii) The blood system

consists of vessels in which
red blood flows. The chief
blood vessels are :

— The dorsal vessel
is median and runs
along the dorsal surface of
the alimentary canal; it is
this vessel which is visible

from the exterior when you .

cut the dorsal body wall.:
The blood flows in it from
behind forwards.

— The ventral vessel is
also median but lies on the

ventral side of the alimentary

canal.The blood flows along
its greater length from in
front backwards .

~ The subneural vessel

lies ventrally close below the

nerve cord.

— Six paris of pseudo-
hearts (one pair in each of
the segments 6-11) connect
the dorsal with the ventral
vessel, encircling the
oesophagus. In narcotized
specimens the pseudohearts
may be seen pulsating.

— Make drawings of the
alimentary canal and blood
system.

iii) The excretory
system consists of one pair
of nephridia in each seg-
ment except the first three
and the last, and are cons-
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picuous on either side of
the alimentary canal.

* Carefully remove a nephridium
together with the ventral part of
the intersegmental septum in
front of it. Put it on a slide with
a drop of saline solution, cover
and examine microscopically.

Note that the mnephro~
diwm has a small inner
opening, the nephrostome
found at the end of a
ciliated funnel which lies
in front of the septum, that
is, in the segment anterior
to the segment in which
the main body of the

nephridium lies. The latter

body is in the form of a

convoluted tube which is

mostly ciliated and opens to
the outside on its own
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segment by a mnephridiopore.

— Make a drawing of a
nephridium.

iv) Reproductive system. '

You have noticed that the
earthworm is hermaphro-
dite.Its reproductive organs
are complex and some of
them difficult to dissect.
Examine the two sets of
genitalia and identify as
much as you can of ‘their
constituent parts.

In the male genital
system, note

—The seminal vesicles
are very distinct, 4 pairs
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which lie on the sides of
the oesophagus in segments
9-12. Prepare a smear of
the seminal wvesicle and
study the various develop-
mental stages of the sperm-
atozoa which develop

" therein.

— The testes are two
pairs of minute bodies and
lie in segments 10 and 1I.
They can better be seen
by carefully removing the
oesophagus in these seg-
ments.

—The seminal funnels
are two pairs, large and
ciliated. Each funnel lies

behind a testis, and extends
laterally and backwards as
a vas efferens. The two
vasa efferentia on each side
unite to form a wvas
deferens which extends
backwards to open to the
outside by the correspond-
ing male genital aperture
on segment TI5.

In the female genital
system, note :

— The ovaries are tiny.
They are only two in
number and lie in segment
13. They can better be seen
by pushing the oesophagus
and seminal vesicles to one
side.

—The ovarian fannels
are two in number and lie
one behind each ovary.Each
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leads into an ovisac (or
receptaculum ovorum,
which contains mature ova)
that opens to the exterior
by a short oeviduct with a
female genital aperture
on segment I4.

— The spermathecae
are two pairs of small
rounded sacs, one pair in
each of segments 10 and
11. They receive the sperms.

The Cocoons :

These are capsules in
which the fertilized eggs are
laid. They are collected
from the soil with the
worms especially during
spring and autumn. Note
the colour of the cocoon
which is yellow to brown.
Slit open a cocoon and
notice  the  contained
embryos, one or two.

v) The nervous system.

~— The cerebral or
suprapharyngeal ganglia
form a bilobed
mass which lies dorsal to

the pharynx.

* Carefully remove the alimentary
canal behind the pharynx. Lift
the pharynx upwards and for-
wards, examine and note :

— The subpharyngeal
ganglia also form
a  bilobed: mass, but
lie below the pharynx.
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— The circumpharyn-
geal commissures are
two in number, each con-
necting a supra- with a
subpharyngeal ganglion on
each side.

— The nerve cord is
long and ventral in position
(characteristic feature of the
invertebraiess which possess a
central neroous system). It
extends from the subphary-
ngeal ganglia backwards to

the last segment. It bears a
swelling or nerve ganglion

in each segment. Note the -

double nature of the cord
and ganglia by the help of
a hand-lens. From each
ganglion three pairs of
nerves are given off in
each segment.

— Draw.

d) Microscopic structure.

Examine a T.S. of the
intestinal region and note
the various body layers,
from outside inwards :

— The epidermis is
built up of a columnar
epithelium with goblet or
mucus-secreting cells,
and is covered externally
by a very thin caticle.

— The muscularis is
built up of an outer
continuous thin circular
muscle layer, and an
inner thick longitudinal
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layer, interrupted along a
series of lines and therefore
appears divided into 7
blocks, two dorsal, two
ventrolateral and three

ventral. The muscle fibres
in this layer are single cells
arranged in bundles on
both sides of connective
tissue sheets containing
blood vessels, in such a
manner as to appear feather-
like in cross section.

— The chaetae are 4
pairs which lie in chaeti-
gerous (setal) sacs or
follicles, supported by
chaetigerous muscles.

— The coelomic or
peritoneal epithelium,
consists of an outer somatic
layer next to the body wall
and an inner splanchnic
layer which covers the
intestine. The former layer
is built up of a simple
squamous epithelium. The
two layers enclose the
capacious coelom. This
contains portions of nephri-
dia on both sides as well
as small cells, the coelo~
mic corpuscles, scat-
tered singly or in groups.

~— The nerve cord is
double, rounded,lies ventral
to the intestine and contains
giant fibres. It is sur-
rounded by peritoneum.
Note that it is solid (in
contrast with that of
chordates).
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— The intestine is
covered by the splanchnic
coelomic epithelium which
is thick and gives rise to
masses of yellow or chlora-
gogenous cells (which you
have already noted in your
dissection). This layer is
followed by a thin long-
itadinal, then a circular
muscle layer, and a
ciliated columnar epithe-
Hum (both digestive and
absorptwe)

Note that the dorsal wall
of the intestine is invaginat-
ed forming the typhlosole,
which you have also noted
in your dissection. . -

.— The blood vessels
are the dorsal veéssel,
dorsal to the .alimentary

canal; wventral vessel,
ventral to this canal to
which it is connected by a
sheet of ventral mesen-

tery; subnearal vessel,
below and very closc to the
nerve cord; and typhlo-~
solar vessel extending in
the typhlosole. Other smal-
ler vessels may be seen in

the body wall and nephridia.

— Moake a labelled drawing
of the section.

What advancesin organiz-
ation the phylum Annclida
has made over the preceding
phyla ?
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CHAPTER VII U

PHYLUM
ARTHROPODA

From an evolutionary
point of view the phylum
Arthropoda is quite related
to the phylum Annelida
that sometimes they are
referred to as to have
originated from one com-
mon annelid - arthropod
stock. Thus the Arthropoda
are, like the Annelida,
bilaterally symmetrical with
a distinct metameric seg-
mentation, have coelomo-
ducts,and a nervous system
built up on the same plan
as that of the Annelida,
that is, with two dorsally

situated cerebral ganglia
and a ventral, double and
solid nerve cord carrying
ganglia.

However, the basic plan
of organization of the
Arthropoda shows some
distinct differences from

that of the Annelida, the
most noteworthy of which
are the presence in the
Arthropoda of : jointed
appendages, one pair per
segment in most cases, of
which at least one pair
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functions as jaws; a more
obvious cephalization; and
an exoskeleton which is a

tough secretion of the
epidermis that becomes
flexible upon the ap-

pendages and trunk so as
to provide joints; and the
main body cavity is a
haemocoel, i.c, the cavity
of the blood vascular system
is so expanded as to bathe
the internal organs, while
the true coelem, which is
the main body cavity in
the annelids, has become
considerably reduced in
size. Neither nephridia nor
cilia (except in Peripalus) are
present, but with one or
more pairs of coelomoducts
as gonads and oiten as
excretory organs.

The phylum Arthropoda
is the largest of the animal
phyla, and also the most
successful, that they have
conquered every ecological
niche. They are classified
into six classes of which
the class Insecta alone will
be considered here. For

other classes refer to
Vol. III1.
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Class INSECTA

These are arthropods
with a tracheal system
for respiration. The body
is divided into head, thorax
and abdomen; the thorax

carries 3 pairs of walking
legs (hence Hexapoda) one
pair per each of its g seg-
ments; the abdomen (typic-
ally 11-segmented)is usually
without ambulatory append-
ages, The head consists
of 6 fused segments: the
first segment disappears, the
gnd develops a pair of
antennae,the grd without
appendages, the 4th with
mandibles, and the 5th
and 6th with 2 pairs of
maxillae. The excretory
organs are in the form of
Malpighian tubules
which open into the hind-
gut. Many forms have
wings and are able to fly.
The sexes are separate and
the life-history is usnally
with metamorphosis.

Although insects are of
small size, yet they are the
most successful group of
terrestrial  animals and
exceed any other group as
regards number of indivi-
duals and species. However,
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their distribution and
activity submit to the

environmental temperatures.

They are mostly terrestrial,
some are aquatic, living in
fresh water and rarely in
the sea. Some insects are
beneficial but many are
harmful pests for crops or
carriers of disease-producing
parasites to man and his
domestic animals.

They are classified into 2
subclasses: subclass Aptery-
gota which are wingless
and without metamorphosis
(hence Ametabola), and
subclass Pterygota with
wings and metamorphosis,
and divided into 2 sections:
the Exopterygota which de-
velop wings externally(in the
embryonic stage) and pass
through an incomplete
matamorphosis (hence
Heterometabola), that is,
the egg hatches out of a
nymph and this meta-
morphoses into the adult or
imago; and the Endo-
pterygota which develop
wings internally and pass
through complete meta-~
morphosis (hence Holome-
tabola), that is, the egg
hatches out of a larva,
which passes through a
pupa to the adult or
imago. Of these 2 subclass-
es, only the last one with
its 2 sections will be consi-
dered here, but only to the
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extent that the classical
exanmple — the cockroach—
and a few examples of
medical and economic
importance are presented in
an abridged form. For the
remaining insects, we have
devoted a chapter in Vol
I1I of the book.

Subclass FTERYGOTA
A. Section

EXOPTERYGOTA
1. The Cockroach

Periplaneta

The cockroach of the
species Periplaneta americana
is selected here for study on
account of its common
occurrence and convenient
size for dissection. It is col-
lected from drainage pipes,
bakeries and whenever
warmth and dirt are avail-
able. Itis nocturnal and
cursorial although it may
occasionally fly during the
breeding season. Itfeeds on
organic matter, both of
animal and plant origin.
During winter, cockroaches

are uncommon, but by the -

advent of spring they be-
come numerous. They
lay capsules, each contains
20 eggs arranged in -two
rows. They hatch out of
nymphs which undergo 6-7
moults and become adult.
Systematically cockroaches
belong to the order
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Dictyoptera with hardened
forewings and membranous
hindwings,mouth-parts of
the biting type, abdomen
usually with jeinted cerci
and well developed gona-
pophyses.

a) External Features.

Examine a freshly-killed
specimen  (killed  with
chloroform vapour) and
note the general colour of
the body which is covered
by a thick chitinous exo-
skeleton ;the bodyisdivided
into head, thorax and
abdomen. The head is
connected to the thorax by
a slender neck and is usual-
ly bent underneath the
thorax.There are three pairs

of walking legs and two

pairs of wings connected
with the thorax.

i) The head is small,
broader than long and
encased in a head capsule
composed of several scleri-
tes : two epicranial plates
on top, not separtated bya
suture, and form a con-
tinuous plate, the epicra-
nium ; the frons in front;
the clypeus hinged to
the labrum or upper lip;
while the sides of the head
are protected by the genae.
On both sides of the
epicranium close to the
antennae, lie two small oval
fenestrae (of unknown
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function but occupy the
position of the lateral ocelli
of other adult insects). Close
to each of these is a large
black compound eye.

The head appendages are
the pair of antennae and
the mouth-parts. The
antennae belong to seg-
ment 2. They are very long,
setaceous,many-jointed and
arise in the centres of
articulating membranous
areas or antennal sockets
surrounded by the com-
pound ‘eyes.

The mouth-parts are
modified appendages and

constitute the mandibles,
the maxillae and the labium.

* With the help of the forceps
detach these mouth-parts, put
them on a slide, mount in
glycerine, cover and examine
through the microscope.

— The labrum (upper
or anterior lip) is a simple
flat sclerite of the head
capsule which protects the
mouth from above (not an
appendage),

— The mandibles are
two strong, toothed, single-
jointed appendages which
work together sideways
(they belong to segment 4).

— The maxillae are
two segmented appendages
(belong to segment 5), Each

18 2-jointed and articulates
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with the head by its basal
joint, the cardo. The distal
joint or stipes carries a
5-jointed maxillary palp
(organ of teste) and two
small lobes : an inner blade
or lacinia provided with
stiff hairs, and an outer
softer lobe or galea.

— The labiam (lower
or posterior lip) consists of
the two fused second maxil-
lae which belong to segment
6. It has a g-jointed im-
movable basal portion
composed of a large broad
submentum, a smaller
mentam, and a distal
bilobed prementum. The
prementum carries on each
side a g-jointed sensory
labial palp and two lobes:
an inner glassa, and an
outer paraglossa.

A short median tongue-
like process, the hypophar-
ynx (not an appendage)
arises in the floor of the
mouth cavity in front of the
labium and Dbears the
aperture of the common
salivary gland duct.

~— Make labelled drawings
of the head capsule and the
mouth-parts.

ii) The thorax is com-
posed of three segments :
the pro-, meso- and meta-
thorax. Each is enveloped
by an exoskeleton,composed
of a prominent dorsal
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tergum, a small ventral
sternum and a series of
lateral small  pleural
sclerites. The tergum of

the prothorax, the pro- .

notum, is large, shield-like
and extends forwards over
the neck and head. From
the tergum of the meso-
thorax, arise the forewings
or tegmina which are hard
and protective, while from
the tergum of the meta-
thorax arise the hindwings
which are membranous and
lie folded beneath the
tegmina. Both wings are
thin, plate-like expansions
of the integument strength-
ened by a framework of
hollow :chitinous veins.

Of'the thoracic appendages
are also three pairs of
walking legs, each of
which articulates with a
pleural sclerite on the side
of its segment by a basal
stout flattened coxa. This
is followed by a short
trochanter, a long femur,
along slender tibia and a
5-jointed tarsus which
terminates by a pair of
claws surrounding a gripp-

ing pad,the arolium or pul-

villas.The femur,tibia and
tarsus are beset by strong
setae. :

— Make a drawing of a
walking leg.

iii) The abdomen is
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dorso-ventrally flattened,
consists of 10 distinct seg-
ments and includes a group
of terminal lobes around the
anus which probably repre-
sent an 11th segment. The
exoskeleton of the abdomen
is softer than that of the
head and thorax, and
consists in each segment of
a dorsal tergum, a ventral
sternum and two lateral
pleara. The anterior 7
terga are quite obvious, the
8th and gth are narrow and
telescoped or overlapped by
the tergum in front, while
the 1oth tergum is large,
shield-like,and has a deep
posterior notch. Hold this
last tergum with the forceps
and gently pull it back-
wards to determine the
number of the abdominal
segments.  Reflect this
tergum upwards to deter-
mine the position of the
anus and podical plates.

On the ventral side there
are g sternal plates in the
male, the gth bearing a pair
of unjointed styles. In the
female, only 7 sterna are
distinct. The 7th is prolon-
ged barkwards into a large
boat-shaped structure
which forms the lower wall
of a large genital pouch.
The following sterna  are
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modified in relation with
the reproductive system
and hidden by the 7th. In
both sexes the roth tergum
bears ventro-laterally a pair
of many-jointed movable
anal cerci (said to carry
sense organs receptive to
sound). The genital aper-
ture lies ventral to the
anus. The respiratory
apertures or stigmata
are 10 pairs, a pair lies
laterally between the pro-
and mesothorax, a second
pair between the meso-
and metathorax,and 8 pairs
on the sides of the anterior
8 abdominal segments.

— Make drawings of the
cockroach from the dorsal and
ventral sides. Determine the
sex and make drawings of the
postertor end of the fwo sexes
from both surfaces.

b) Dissection.

* Use a freshly-killed cockroach
for dissection. Cut off the anten~
naec as well as the fore- and
hindwings close to their bases.
Also remove the legs, leaving
only their basal segments or
coxae attached to the body.

* Hold the cockroach in your
left hand and by means of fine
scissors make two longitudinal
cuts across the lateral mem-
branes between the terga and
sterna, starting from the posterior
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end of the abdomen till the
anterior edge of the pronotum,

* Lay the insect in the dissecting
dish with the dorsal side upper-
most and pin it down through
the edges of as many as you can
of the abdominal sterna and the
coxae of the thoracic legs*.

* Fix the head, with its anterior
surface upwards, by means of
a fine pin between the mandibles.
Using fine scissors, make a small
rectangular window in the head
capsule around the clypeus and
the anterior portion of the
epicranium,and remove this part
of the capsule carefully away to
exposc the two cerebral ganglia
which lie close beneath the
clypeus.

* Make a transverse cut across
the posterior edge of the gth
abdominal tergum, then carefully
reflect all the abdominal and
thoracic terga intact and pin
them down. This can be done by
loosening these terga, one by one
as you work forwards, from the
underlying adherent tissues and
membranes. Work slowly and
carefully in oder that the internal

* A better method of fixing the
cockroach is to fAoat it in a Petri-
dish containing hot melted wax,
cool and then proceced with
the dissection . In case
there is no sufficient wax in the
big classes, the instructor may
make use of this method in his
demonstrations.
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organs may not be damaged and
the terga may not be separated
from each other, otherwise the
heart would be destroyed.

* Uncoil the intestine and push
the alimentary canal to one side.
Clear away the fat bodies (irre-
gular creamish masses of tissue
lying in the body cavity) by
means of a brush and cut away
most of the muscles of the
thorax, but while doing so be
very careful not to damage the
reproductive organs or the
salivary glands.

Examine the following
systems in the dissected
specimen :

i) The Heart.

Note that the heart con-
sists of a series of 13 narrow
chambers, 3 thoracic and
10 abdominal, along the
mid-dorsal line (to be seen
on the lower side of the flap
of terga reflected aside). In
each segment there is a pair
of ostia (not quite dis-
tinct) through which blood
enters the heart from the
pericardial space or
sinus,which is very exten-
sive, leaving it anteriorly to
the head through the aorta.
Note the presence of 12 pairs
of fine jntersegmental alary
muscles which pass just
below the heart and appear
as wings on each side of it.
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— Make a drawing of the
heart and the alary muscles.

ii)The Alimentary Canal.

Note that this canal starts
with the mouth opening
which leads into the stomeo-
daeum. This consists of a
short buccal cavity which
receives the common duct
of the salivary glands. It
is followed by a long thin
oesophagus that dilates
into a large erop (food
storing). This extends in
the abdomen and ends in a
thick pyriform provent-
riculus whose chitinous
lining is produced internally
into 6 teeth, for com-
minuting the food, and
numerous setae which strain
the food so as only fine
particles may pass back-
wards.

The next region is the
mesenteron or midgut.
It is relatively narrower and
shorter than the stomo-
daeum. At its beginning, it
receives 7-8 gastric or
mesenteric caeca (in-
crease the absorptive area).

The proctodaeum fol-
lows which is divisible into
an anterior narrow muscular
ileum, marked at its begin-
ning by numerous fine long
greenish  yellow  Mal-
pighian tubules (excretory
in function, passing the
excreta into the gut to be
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removed away with the
faeces); and a coiled colon,
which is wider; and finally
the rectum which 1is
marked by six longitudinal
lines which correspond to
six internal longitudinal
ridges.

Examine the salivary
glands more closely and
note that they are two in
number, each formed of
two lobes and accompanied
by a reservoir. Fach gland
has a duct which joins its
fellow of the opposite side
to form a common duct.
Similarly the duct from one
reservoir joins the duct from
the other reservoir forming
a common duct, the two
common ducts join to open
into the buccal cavity.

* Remove a salivary gland with
its reservoir, put on a slide and
examine through the microscope.

— Make labelled drawings

of the alimentary canal and
a salivary gland.

iii) The Tracheae.

* Remove the alimentary canal

midway the oesophagus to rectum,

Note the tracheae
(respiratory tubes) distin-
guished by their silvery
appearance. They lead
from the stigmata and
branch extensively
among the various tissues
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of the body. They contain
air which passes in and
out of them through the
pulsations of the abdomen,
thus carrying oxygen to
the tissues and removing
from them carbon dioxide.
They are kept permanently
open through the effect of
the presence in their cuti-
cular lining of spiral thick-
enings.

* Remove one of the larger
tracheae with some of the adjacent
body tissues and examine under
the microscope.

Note the numerous
tracheoles among the body
tissues.

— Draw.
iv) The  Reproductive
System.

The male system con-
sists of two amall testes
(usually difficult to see¥*)
situated dorso-laterally in
segments 4-6 among the
fatty-tissue. From each testis
comes out a vas deferens;

* Sperms are said to be formed
and stored in the utriculi of the
mushroom-shaped gland while
the insect is still in the last
nymphal stage, after which the
testes partially degenerate. This
may explain why the testes are
difficult to find in the adult
male.
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the two vasa deferentia
run backwards to the
seminal vesicles which
are minute mottled tubules
hidden dorsally by a dense
bunch of finer whitish
tubules or utriculi com-
prising the accessory or
mushroom-shaped gland.
From the seminal vesicles a
muscular ejaculatory duct
passes back to open behind
the gth sternum,just below
the anus. Another long
" slender gland (of unknown
function) called the con-
globate gland extends be-
low the ejaculatory duct and
opens independently 2 little
below the male opening.

The female system
consists of two ovaries which
lie in the posterior part of
the abdomen, and each is
formed of 8 separate egg
tabes or ovarioles. Each
ovariole has the form of a
long tapering tube contain-
ing a large ovoid egg at its
base and a string of smaller
immature eggs. The 8
ovarioles of each side are
bound together anteriorly,
and lead posteriorly into a
single oviduct. The two
oviducts unite to form the
.vagina which receives a
pair of branche¢d colleterial
glands on its ventral side.
Two small spermathecae
open by a common duct
into the genital pouch.
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— Make labelled drawings
of the reproductive systems of
the two sexes.

v) The Nervous System.
Note in this system :

— Two cerebral ganglia
dorsal in position in the
head.

— Two circumoesopha-
geal commissures con-
nect the cerebral ganglia
with the suboesophageal

lion  which lies

anteriorly on the lower side
of the head.

— The mnerve cord
is mid-ventral in position
and double. It extends back-
wards and carries g paired
ganglia, 3 pairs in the
thorax and 6 in the abdo-
men. Each pair of ganglia
is fused. The posteriormost
pair supplics all the posterior
region of the body.

— Draw.

vi) Life-history.

— Egg capsules or
oothecae are elongated
structures of a  brown
colour. Slit open a capsule
and notice the eggs in it
arranged in two rows.

— The nymph is very
like the parent but smaller
and devoid of wings and
genital organs,

~— Draw.
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2. The_Bed-Bug
-

Cimex lectilar 1B o

The bed-bug is a
notorious. ectoparasite of
man,sucking his blood. Man
has carried this insect
with him all over the
world, thus it has become
cosmopolitan. It abounds in
dirty crowded dwellings
especially in the bedrooms
where it hides during the
day and feeds during the
night. Systematically it be-
longs to the order Hetero-
ptera which are character-
ized by short antennae,
mouth-parts without
palps
piercing and sucking,
and the abdomen lacks the
anal cerci.

Examine the prepara-
tions provided*.and note :

a) The adult has a dorso-
ventrally flattened body.
— The head bears two
compound eyes , two
relatively long 4-segmented
antennae, and a 3-seg-

* Whole mounts of insects arc
prepared in the following way :
the insect or part of it is boiled
in a dilute solution of NaOH for
some time, walching it to see
that it has become less dark,and
then dechydrated, cleared and
mounted in balsam,
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mented proboscis (or
rostrum) formed of the
mouth-parts and usually
fixed below the head and
projecting back as far as
the bases of the first pair of
walking legs.

~ The thorax consists of
g distinct segments; the
pronotum is large, with
flat lateral expansions;and
the mesothorax is small,
triangular and  carries
vestigial forewings which
nearly cover the metathorax;
hindwings are lacking. The
walking legs have each a
g-segmented tarsus and a
pair of claws.

—~— The abdomen is 10-
segmented, but 8 segments
(2-9) are omly visible; the
first being fused with the
e2nd and the 1oth is very
small and surrounds the

anus. Pairs of spiracles
are found only on segments "

2-8.

~—In the male, the abdo-
men is somewhat narrowed
posteriorly, the 8th and
gth sterna are asymmetrical,
and from the left side of
the gth there protrudes a
hook-like, grooved copula-
tory spicule or aedeagus.

~— In the female, the -

abdomen is broadly rounded
posteriorly and there is a
deep cleft on the right side
of the xth sternum (the

<« 166

¢ OMNae o b J§ ST
o S oie ¥ e Tabty
Lot 0, W aaley ¢ A oliad
kel g QLT b el Jad
c st el omele¥ oda

Ohae ¥ o el STy —
a5 Al iy ¢ Sl
k..g, ¢ dxelalda 3._...)1» Solalizal
el ot g Sl e el
e Ol 018 o 3 pualel
<Ol Olo-boe doys Yy ¢yl
SR TN
. uw:b’yd.'-v}\io Yo S

GJEG\O)S‘,A_,L‘:’E’JB_
ioeplylais (A=Y ) L A 01 48
LU G desaa LY O &3
gl dads Mot gie 3,20l
do Tl duidl il o
e A — ¥ O

G pladl 0S5 « S &y —
Olakedly ¢ L Ty !
¢ nililon b dnanllly Lol sliinadll
dnuldl) ﬂ?‘ ) e 50
lien 3 ¢ el HBLIES, 2
CJSH Bty

L ot SV & gty —
de GF G5 ey ¢ Sl
P P e
lr £ s gl B3 )

i



opening of Berlese’s organ
into which sperms from the
male pass into the haemo-
coel, to reach the oviducts
through the blood stream).
The genital opening is sur-
rounded and supported by
several pairs of small
triangular plates, the gono-
pods (gonapophyses), of
which those of the 8th
segment are visible.

b) The nymph is smaller

than the adult, has no
forewings or genital organs,
and its tarsus is only 2-
segmented. '

~— Make drawings of the
nymph, male and female.

3. The Body-Louse

d S e 4l ol
Sl d Jmdi (5 Joperdl
(s Gk e e
Zhsl sdey dble Zulidl Dozl
JS ) sl slaall e
CAll) il I ondy ¢ Lganed
ol Il OLall Boeply Lon ks
. &aldl il

o e (¢l — O
Ol U udy ¢ ALISTN 5,840
oty € Al elael of olald
i ks el

EJ_J_,».“'YK:TF)L. N
. Yy Sy

1 51

Pediculus humanus corporis oY ; o b):,m U,.JJ&.L

This is again an ectopara-
site of man which sucks his
blood. It belongs to the
oxrder Anoplura which are
all ectoparasites on mam-
mals, with reduced or no
eyes , mouth-parts re-
tractile and modified for
piercing and sucking,
wingless, and without cerci,
but with gonapophyses.

Two subspecies are known
of human lice : Pediculus

kumanus corporis, the body-
louse, and P, humanus capitis,
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the head-louse; the former
lays its eggs in his clothes
while the latter lays them
on his head hairs. They
transmit to man typhus,
trench fever and relapsing
fever.

Examine the preparations
of the body-louse and note:

a) The adult has a dorso-

ventrally flattened body,a

small bluntly pointed head
bearing reduced eyes and
2 antenae, each of which
is 5-segmented. The mouth-
parts when not in  use

are retracted within the
head.

— The three divisions of

the thorax are indistinguish-

able one from the others;
no wings; and the legs
have the usual 5 joints, but
the tarsus is single-
segmented and carries a
single, strong curved claw
which works against a
process of the tibia to form
a chela-like structure. A
pair of thoracic spiracles
are found between the first
and second pairs of legs.

— The abdomen is g-se-
gmented of which the first
two are fused together and
the gth is small. Six pairs
of abdominal spiracles
are located on the pleural
plates of segments 2-%7 which
are well chitinized and
deeply pigmented.
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— In the male, the ter-
minal segment is rounded
and the anus and genital
aperture are dorsally direct-
ed. The male genital organ
is in the form of a grooved
and pointed aedeagus
which commonly projects
beyond the posterior end.

— In the female, the
abdomen is wider and not
turned posteriorly upwards,
The8th segment is deeply
cleft, and ventrally there
are two gomopods which
enclose the genital aperture.
The anal aperture is situated
near the cleft of the term-
inal segment dorsal to the
genital aperture.

b) The nymph is smaller
than the adult, without
genital organs, and with 3-
segmented antennae (but
only in the first instar).

— Draw.
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B. Section
ENDOPTERYGOTA

4. Mosquitoes
Culex

Mosquitoes of the genera
Culex and Anopheles belong
to the section Endop-
terygota and  order
Diptera, characterized by
having suctorial mouth-
parts which are sometimes
also modified for piercing
and biting, the mandibles
are usually absent, have a
pair of membranous wings
attached to the mesothorax
. and a pair of halteres at-
tached to the metathorax.

Mosquitoes have a world-
wide distribution. Both sexes
normally feed on nectar and
plant juices, but the females
are adapted also to suck
mammalian blood. Man
suffers seriously from them,
for besides killing sleep they
transmit to him dangerous
diseases specially malaria
fever. Such insects, then,
should be well eradicated.

Mosquitoes pass through
complete metamorphosis.

The eggs are laid in ponds
and any stagnant freshwater
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sheet, hatch out of aquatic
larvae which swim actively;
the pupae are also aquatic
and active,and are finally
transformed into winged
aerial adults. Thorough
eradication of all the stages
in the life-history is there-
fore effective.

Examine the preparations
of Culex provided and note:

a) The adult, with head,
thorax and abdomen. The
head is connected to the
thorax by a slender neck,
and has two very prominent
compound eyes which
almost touch each other

-and two long 13-jointed
antennae, each joint
bearing a ring of setae.
These setae are much denser
and longer in the male
(plumose antennae) than

in the female (pilose
antennae).
— The mouth-parts

form a sort of eclongated
proboscis which consists
dorsally of a thin labrum-
epipharynx, and ventrally
of a thick long labium.
The latter ends in a pair of
small tactile labella and is
grooved dorsally thus for-
ming a sheath for the rest
of the mouth-parts which
are modified as needle-like
stylets. In the female, these
parts are two long needle-
like mmandibles, two more
stout galeae (of the maxil-
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lae), and two short
g-segmented  maxillary
palps. Besides, there is a
long needle-like hypophar-
ynx which is pierced by the
salivary duct. It is
also grooved dorsally and
forms with the overlying
labrum-epipharynx the food
channel

In the male, the man-
dibles are absent and the
galeac are much reduced,
but the maxillary palps are
much longer than in the
female. The hypopharynx
is functionless and fused
to the labium.

— In the thorax, the
prothorax is greatly reduced,
the mesothorax is the largest
and carries two Jong mem-
branous wings, and the
metathorax carries a pair of
reduced wings , the
halteres, which when
removed flight becomes
difficult or impossible. The
legs are long, slener
and with a 5-jointed tarsus
and 2 claws. There are
two pairs of thoracic
spiracles on the meso-
and metathorax.

~—The abdomen is long,
cylindircal and 1o0-segment-
cd. The first 8 segments are
clearly visible, and bear 8
pairs of spiracles.

b) The larva, is elongat-
ed, with- a broad head,
thorax and abdomen. The
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mouth-parts are of the
biting type with a pair of
dense -tufts of hairs or
feeding brushes. The
head bcars a pair of
antennae, ecach is one-
segmented, a pair of com-
pound eyes (the developing
eyes of the imago )and a
pair of larval eyes. The
thorax is flattened, with its.
3 segments fused, and carries
3 pairs of bristle tufts.
The abdomen consists of g
segments. The 8th segment
is short and carries a long
respiratory siphon on the
apex of which are located
two spiracles through
which air is inhaled. The
anus opens in the last seg-
ment, and is surrounded by
4 leaf-like tracheal gills
as well as some dense tufts
of hair of which the most
conspicuous are the dorsal

tuft and the ventral brush.

iii) The pupa is comma-
shaped, with a swollen
anterior portion comprising
the hcad and thorax, and
a ventrally flexed g9-seg-
mentecd abdomen. On the
thorax, are the two respi-
ratory trumpets. The
penultimate abdominal seg-
ment bears a pair of large
tracheal gills which also
act as swimming processes
or paddles.

—Make labelled drawings of the
stages in the life-history of Culex.
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Anopheles

Examine the stages in the
life-history of Anopheles and
compare them with the
corresponding ones in Culex
and note :

a) The adult has long
maxillary palps in both
sexes. The terminal seg-
ment of each palp is club-
shaped in the male alone.

b) The larva hasshorter
feeding brushes and smaller
antennae. The 8th abdo-
minal segment has a large
chitinous plate on each
side, the protective plate,
below which is 2 comb of
teeth, and posterior to them
is a pair of spiracles, not
located on a siphon.

c) The pupa has funnel-
shaped, not  trumpet-like,
respiratory tubes.

— Make drawings as you
did with Culex.

5. The House-fly

Mausca domestica vicina

The common house-fly is

cosmopolitan and enters

habitations and wherever
food is found, being par-
ticularly abundant in dirty
places and stables. It also
belongs to the order
Diptera with complete
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metamorphosis, All stages,
unlike the first three of the
mosquitoes, are terrestrial.
The eggs are laid in any
decaying organic matter
and hatch out of active
maggots or vermiform
larvae which pupate under
favourable conditions(spring
and autumn) after about 4
days; the pupa takes about
g days to pass into the two
winged imago. They cause
considerable nuisance to
man and are dangerous
disease carriers,

Examine the living speci-
mens and preparations
provided and note :

a) The adult, with a
head, mobile on a slender
neck, thorax and abdo-
men. On the head are two
large compound eyes
moderately separated in the
female, much less so in the
male; three ocelli situated
in the epicranium in the
heads of a triangle; two
short g-segmented anten-
nae lying close to each
other in a depression and
each has a long bristle-like
arista.

The mouth-parts con-
stitute an  elongated
proboscis which hangs
down from the head, and
appears divided into
distinct regions:the rostrum,
haustellum and the labella.
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— The rostrum, which
belongs morphologically to
the head, is conical and
covered anteriorly (dorsally)

by 2 sclerites the clypeus and

fulcrum. The maxillae are
represented by two rod-like
_ stipes, which articulate on
the sides of the rostrum
and the base of the labrum
epipharynx, and a pair of

single-jointed maxillary
palps.
— The haustellum,

consists of a large posterior
(ventral) labium which
has a deep anterior groove
in which the labrum-
epipharynx and the
hypopharynx, lying be-
hind it, are lodged.
The labrum-epipharynx is
deeply channelled on its
posterior surface, while the
hypopharynx has a groove
on its anterior face; the 2
grooves form the food
channel. The pharynx
“unites proximally with the
oesophagus, and joins this
food channel at its distal
end. A small U-shaped
prepharyngeal sclerite
is situated at the latter point
serving to keep the lumen
of the pharynx distended.

— The labella (sing. -
-labellum) are 2, one on
either side of the mouth and
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appear traversed on their
inner and lower surfaces by a
series of fine channels, which
are kept open by means of a
series of incomplete chiti-
nous rings, therefore simula-
ting tracheae, and hence
are called pseudotracheae.
All channels converge to the
oral  opening which is
surrounded by a small
horse - shoe - shaped distal
sclerite.

— The thorax with 3
segments, of which the
mesothorax is the largest
and bears large mem-
branous forewings. The
metathorax carries a pair of
halteres or .balancers
which are the modified
hindwings. The three pairs
of legs have the wusual
structure with 5-segmented
tarsus which terminates with
a pair of claws and a pad-
like pulvillus. Four dark
stripes are seen on the dorsal
surface of the thorax and
one on the abdomen, of
which 4 segments are clearly
visible.

b) The: larva is 12-
segmented, apodous, vermi-

form, more pointed anteriorly
where the vestigial head is
located. The thorax is 3-
segmented and the abdo-
men 8-segmented. Through
the microscope note the
presence in the head of a
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pair of minute oral lobes
bearing sensory papillae,
and two mmandibular

sclerites which tear the
food."

There arc two pairs of
spiracles, one pair on the
prothorax and the other,
which is larger, is dorsal
and lies on the last abdo-
minal segment. Spiny loco-
motory pads are found on
the 8 abdominal segments.

c) The pupa develops
inside a dark reddish-brown
barrel-shaped puparium
with a pair of large posterior
larval spiracles) and signs
of larval segmentation (12
segments ).

— Make drawings of the
stages in the life-history of the
house-fly.

6. The Human Flea

Pulex irritans

This is also another ecto-
parasitc of man. It belongs
to the order Siphonaptera
wheh are e¢ndopterygote
..z, bilaterally compres-
sed, with or without eyes,
and the mouth-parts are
modified for piercing and
sucking.  They jump
strongly., The larva is not
parasitic.

Other species of Siphona-
ptera are known to attack
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man such as Xenopsylla
which is the tropical carrier
of plague.

The female flea lays its
eggs on the ground. The
larvae are caterpillar-like,
wingless and limbless and
move by the help of bristles
and feed on organic matter.
They pupate in silken
cocoomns and then emerge
as adults which suck the
blood of man and other
mammals as well as birds.

Examine preparations of
the two sexes and note :

—The adultis bilaterally
compressed with g pairs of
long legs. The head has
simple eyes and two very
short g-segmented anten-
nae lying in grooves; these
are larger in the male and
used for gripping the female
during copulation.

— The mouth - parts
lack the mandibles, and

consist of triangular maxil-

lae  with 4-segmented
maxillary palps, a slender
Jong epipharynx, and a
tubular labium with a pair
of 5~jointed labial palps.

— The thorax consists of
g distinct segments carrying
3 pairs of long legs with
5-jointed tarsus and 2claws,
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but wings are lacking. The
abdomen consists of 10
segments. There are two
thoracic and 8 abdominal
pairs of spiracles.

— In the male, the
posterior end is directed
upwards, the gth tergum
bears a dorsal pitted sensory
plate or pygidium. The
terminal segments are modi-
fied into complicated finger-
like claspers and a long
spring-like aedeagus.

~— In the female, the
posterior end is rounded
and not.directed upwards,
a pygidium is present, and
internally thereis a comma-
shaped spermatheca.

— Make drawings of the
lwo sexes.

— Compare the various
mouth-parts which you have
studied, and show how each
is adapted to the nature
of food of the insect.

— Write an account of
metamorphosis in insects.

— Review the insects of
medical importance you
know, and describe the
structure of the mouth-parts
of each of them.
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CHAPTER VIII

Phylum CHORDATA

The gap between the pre-
vious phyla that have been
considered here and the
phylum Chordata is a very
wide one. According to the
most recent and accepted
theory, the Chordata are
thought to have evolved
from the Echinodermata —
a group of animals that have
not been dealt with in this
volume of the book (see
Vol. III). Consequently it
would be difficult to parallel
the chordate organization
with that of any of those
phyla, apart from the fact

that the chordates are, like

annelids and arthropods,
bilaterally symmetrical,
triploblastic, coeclomate ani-
mals. Howcver, they differ
csscatially from the animals
of the latter phyla in having
an intcrnal heteronomous
mctameric segmentation, a
well developed ceplialization
and differcnt patterns of
development and larval
forms.

The Chordata are one of
the most successful phyla
of the animal kingdom.
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Besides occupying various
habitats, they also have
reached the climax of ner-
vous activity, as illustrated
in mammals to which man
belongs.

The Chordata are class-
ified into four subphyla :
1. Hemichordata includ-
ing acorn-worms, '

2. Urochordata,including
sca-squirts,

3. Cephalochordata, in-
cluding Amphioxus , and

4. Craniata or Vertebra-~
ta, including lampreys,

fishes, amphibians,
- reptiles, birds and mam-
mals.

The first three subphyla
are collectively called the
Protochordata, which are
entirely marine, Among
them, the Cephalochordata
are also called the Acrania
in couwadistinction to the
Craniata, as without or
with a cranium respectively.
The Acrania and Craniata
are somctimes grouped to-
gether and referred to as
the Eunchordata,

Whatever diversity of
general form” which thar
various groups may display,
or habitat which they
occupy, all chordate
membess have a common
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basic plan of organization.
Originally this plan is es-
sentially that of a coelomate,
marine, long-bodied, free-
swimming creature which
displays the following three
main features :

— Presence of notochord,
an axial rod of skeleton
which extends in the dorsal
region of the body.

— The central nervous
system is tubular, that is,
contains a cavity, and lies
dorsal to the notochord.

— The anterior part of
the alimentary canal, the
pharynx, is perforated
by a variable number of
gill-slits which lead into
the gills.

However, these characters
may be modified to a
greater or less extent, either
early in development or in
the adult form. Thus, the
notochord may disappear
in the postlarval stage as in
the adult urochordates, or
may be transformed, by the
addition of skeletogenous
tissues, into a jointed back-
bone or vertebral column,
- as is characteristic of the
Vertebrata. The gills are
never functioning at any
stage of development of the
Amniota (reptiles, birds and
mammals) nor in the adult
of most Amphibia.
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I. Subphylum

CEPHALOCHORDATA
(ACRANIA)

Amphioxus (Branchiostoma)
lanceolatus

The lancelet or Amphioxus
has received considerable
interest among zoologists on
account of the fact that this
small animal displays all the
features of the basic plan of
chordate organization in a
clear diagrammatic form.
The characters referred to
above as characteristic of
this basic plan can well be
seen in either a whole
mount of this animal or in
a T.S. of its pharyngeal
region.

Amphioxus is fish-like,
about 5 cm’'in length. It
has the habit of burying
itself in the sand during the
day, with its anterior part
only protruding, but swims
actively during the night,

On account of its scarcity
in our regional waters,
Amphioxus is supplied in the
laboratory either preserved

- in tubes or as whole mounts.

Sections are also prepared
from various regions of the
body. Instructions for dis-
secting Amphioxus are of
little use, since the student
is mot usually supplied with
material for dissection.,
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a) Examine a tube-speci-
men of Amphioxus with the
help of a hand-lens and
note :

— The general body
form, is elongated, pointed
4t both ends and flattened
“from side to side. The
‘anterior end projects for-

: wards as the rostrum.
—

— Thefins are generally
low and continuous with
"~ each other : a dorsal, a
ventral and a caudal, and
two lateral fins or meta~
pleural folds.

— The mouth lies
ventral to the rostrum and
is guarded by the oral
hood, the anterior edge of
whxch carries long proces-
ses, the oral cirri.

- The atriopore is
median and ventral and lies
at the junction of the two
metapleural folds and the
ventral {in, at about one-
third the length of the
animal from its posterior
cnd. It is the opening of the
atrium.

— Thec anus lies on the
left side, a short distance in
front of the posterior cnd.

-~ The myotomes are
arranged on both sides of
the body as mclamerical
blocks of striated muscle
fibres, scparated by V-
shaped partitions of con-
nective tissuc,thc myosepta
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or myocommata. Note
the apices of the myosepta
pointing forwards.

~— The gonads are about
26 pairs, metamerically ar-
rangad on both sides of the
pharynx. The two sexes are
separate, but are not
externally distinguishable.

~— Make a drawing of
Amphioxus as seen from the
side and label the parts.

b) Examine under the
microscope a- whole mount
of Amphioxus, preferably of a
young specimen, and note
in addition to the above
points :

—~ The buccal cavity or
vestibule is guarded by
the oral hood, at the lnnder
wall of which lies a vertical
transverse partition called
the velum which is
perforated; its opening  is
sometimes called™. the
“enterostome’’ . The velum
carries a number of velar
tentacles, and just in front
of it lies a peculiar wheel
organ which helps in
driving a current of water
loaded with food particles
into the mouth. Thus,
Amphioxus is a ciliary feeder.
Closure of the mouth is
effected by the folding over
of the sides of the oral hood.
The oral cirri help during
feeding, by turning inwards,
to prevent sand particles
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from passing into the buccal
cavity.

~ The notochord is an
axial skeletal rod, extending
from the anterior to the
posterior end of the body
near to its dorsal side.

— The nerve cord or
spinal cord lies just above
the notochord and similarly
extends from end to end.
Pigment may be visible
along the cord, which
represents eye spots. The
cavity of the cord, or the
central canal, may be
seen in the preparation.

— The pharynx, a volum-
inous region of the
alimentary canal, extends
from the velum to the
beginning of the intestine.
Its walls appear like a
meshwork on account of the
presence in them of gill-
bars,of two types:primary
and secondary.The former
are forked and reach the
ventral wall of the pharynx,
while the latter are not
forked and do not reach that
wall. The bars separate the
gill-slits, and are all oblique
in direction. Cross-bars or
synapticulae connect
adjacent primary bars to-
gether.

Note the presence of the
endostyle as a longitudinal
band in the floor of the

pharynx,an epipharyngeal
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groove in the roof, and two
peripharyngeal bands in
front linking the endostyle
with the  epipharyngeal
groove. All of these carry
cilia which help in the
process of feeding.

~— The intestine follows
the pharynx and gives off a
forward blind extension,
called the midgut diverti-
culum, on the right side of
the pharynx. The intestine

opens backwards by the anus.

— The atrium is a
cavity which surrounds the
pharynx and the anterior
part of the intestine. It
opens to the exterior by the
atriopore.

~— Make a drawing of a
side view of Amphioxus as you
see it under the L.P. Label
the parits.

c) T.S. of the Posterior
Pharyngeal Region.

Examine and note :

— The dorsal and
lateral fins, with fin rays
in the former and lymph
spaces in the latter.

— The skin is formed of
the epidermis, of a simple
columnar epithelium with
goblet cells and covered by
a thin cuticle,and of the
dermis which is very thin.

— The myotomes and
the myosepta.
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— The notochord, with
vacuolated cells.

— The spinal cord,
with its central canal.

— The pharynx, with
primary and secondary
gill-bars; the former alone
contain portions of the
coelom. /

— The atnum, ‘around

the pharynx.

-— The coelom, as two
dorsal canals, one on cither
side of the epipharyngeal
groove. Parts of the coelom
are also present in the
primary gill-bars, below the
endostyle,inthe metapléural
folds, and around the mid-
gut diverticulum and the
gonads.

— The gonads, one pair
in the section, lie in the
atrium, on each side of the
pharynx.

— The midgut divert-
iculum, on the right side
of the pharynx.

— Two Jateral dorsal
aortae, on the sides of the
epipharyngeal groove,

~— Draw the section and
label the parts.
d) T.S. of the Intestinal
Region.
"~ Examine and note :

— Dorsal and lateral fins,
skin, myotomes, myosepta,
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notgcherd and spinal cord
as in “‘c’’.

— The intestine, the
wall of which is built up of
a ciliated columnar epi-
thelium.

— The extension from
the atrium.

— The coelom sur-

rounds the intestine.Identify .

the somatopleure and
the splanchnopleure .

— A single dorsal aorta
lies below the notochord,
and g-4 subintestinal
veins lie on the ventral side
of the intestine.

— Make a labelled drawing
of your section.

e) T.S. of the Tail Region.
Examine and note :

— The dorsal and
ventral lobes of caudal

fin,

— The skin, myotomes,
myosepta, notochord and
spinal cord asin “‘c and d”’.

— The caudal artery
and caudal vein lie below
the notochord; the artery
is more dorsal.

— Draw and label the parts.
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II. Subphylum
VERTEBRATA

(CRANIATA)

This subphylum includes
the vast majority of chord-
ates. It is characterized by:
the anterior region of the
nerve cord is enlarged to
form the brain, with which
are connected three pairs
of organs of special sense
(nose, eyes and ears); the
brain is protected by a
skeletal box called the
cranium (hence the name
Craniata); the notochord
is’ transformed by the add-
ition of skeletogenous tissuc
into a jointed backbone or
vertebral column (hence the
name Vertebrata); there
are relatively few gill-slits;
there is a heart, ventral in
position and composed of at
least three chambers; there
are two kidneys, of meso-
dermal origin ; the epiderm-
is is built up of a stratified
epithilium, ... etc.

Vertebrates are classified
into two superclasses : the
Agnatha and the Gnatho-

stomata.

IIa. Superclass
AGNATHA

This superclass comprises._

the first vertebrates which
all lack jaws. The majority
went extinct (the Ostraco-
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derms). The livir'lg forms
belong to a single- class :

Class Cyclostomata

The cyclostomes have a
rounded mouth and lack
paired appendages. They

include the lampreys (order

Petromyzontia) and the
hag-fishes (order Myxin-
oidea).

The Lamprey
Petromyzon fluviatilis

There are few species of
lamprey, none of them live
in our waters. However,
great zoological interest has
aroused around them on
account of their ancestral
vertebrate  organization.
Like  Amphioxus ,  the
lamprey is supplied in the
laboratory as preserved
specimens and  sections
taken from various regions

of the body.

The adult lamprey
" measures about 30 cm in
length (but may reach go).
Its life-history includes two
distinct stages : a larval
.stage called Ammocoetes
(or ammocoete larva),
and the adult. The larva
lives in fresh water where it
buries itself in the mud
"and fecds on microscopic
organic material (micro-

phagous). The adult is
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marine and a parasite on
fishes, for it attaches itself
to the body of the fish and
rasps off the flesh by its
teeth. On rest, the lamprey
is seen holding to stones by
its buccal funnel. In the
breeding season the adults
leave the sea and ascend
rivers to reproduce. Here,
the ammocoete larvae are
developed and after a period
of time, they metamorphose
and go down stream to live
in the sea.

a) External Features.

Examine the specimen
provided and note :

— The body form is
eel-like, rounded in front
but becomes bilaterally
compressed backwards. The
colour of the body is'dark
brown to blackish above,
paler below. The skin is
quite smooth and scaleless.
In fresh specimens the skin
is slimy because of the
presence in it of numerous
mucus -~ secreting glands.
Through the skin you can
see the division of the
muscles into myotomes.

Note the median fins;
but no paired fins are
present (characteristic
feature).The body is divided
into head, trunk and tail.

— In the head, note the
buccal funnel in front,
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fringed with papillae and
lined with yellowish brown

horny teeth. Into the fun-

nel projects a protrusible
tongue, also beset with
horny teeth. Both sets of
teethare ectodermal and not
homologous with the teeth
of higher vertebrates. The
mouth opening is circular
and lies above the tongue.

Behind theé buccal funnel
are two. eyes, not sur-
rounded by eyelids but each
is covered by a transparent
area of skin. On' the dorsal
surface of the head lies the
single median neostril, im-

mediately followed by a pale

area of skin which indicates
the position of the pineal
eye. Posterior to -each eye
are - seen seven small
openings, the outer gill-
slits.

— In the trunk, note |

the presense of two dorsal
fins separated by a notch,
the second dorsal being
continuous with the fin
around ‘the tail. On the
mid-ventral line lies the
cloaca from which projects
a slender wurinogenital
papilla.

— The tail ‘is short and
markedly ‘flattened from
side to side, and is sur-
rounded by a caudal fin.
All median fins are sup-
ported by fine cartilaginous

<— 200

il aay

Ty Olade Torens ¢ 2l
S . Bhae iy Add Okl
Aoy’ tv.uw J6 Ol sl 3

e gos LmT a5 Ol ade
«:.wb ¢ 3Ll byops) Ol
Lo oy okt G
L oL d}i:é}{:{;\a A oy
¢l padll Cald OLg omgsy

o2 JS oSyl Loy, Lo Yy
reledl ledorgsy OS2 Slana
Gl il dod Uyl
Al g 2ol Bl 5 ¢ 3ol
- Ay gyl Gl adge AL s
e Ot o JST b o
b}m}lu‘a_dluh oo Ol
' Aot
LS dpry Ond ¢ g -

O e ciels Loy Juadico
o 3l Lo 23U & gl e
Ay o Jolll s (I Azl

(@l bl Caall LAl e

adols Uy Lol a0 505 @l

S i i ¢ il

ooy il ) Gl e il
é Ui&) 4
idy b ety AFdaTide)

A\ O



radials; no fin-rays, such
as those found in fishes, are
present.

— Make alabelled drawing.

— Write an account ' of
the external features of the
lamprey, and point out
those which are peculiar to
this animal.

b) Longitudinal Hand-

section of the Head
Region.
Examine with the help of

a hand-lens and note
notochord as a stiff gela-

tinous rod, the spinal cord

lying above it, and this is
overlain by myotomes and
skin. Seven gill-pouches
are seen opening externally
by 7 outer gill-slits, and
into the respiratory tube

by 7 inner gill-slits. The
' tube ends blindly back-
wards but opens in front
into the buccal funnel. (The
respiratory tube serves for
the passage of inhaled water,
taken through the mouth,
into the gill-pouches). The
food passes into the
oesophagus which extends

dorsal to the respiratory tube.

Note details of structurc
of the.buccal funnel.

"The heart lies in the
pericardial cavity just be-
hind the gillsand isseparat-
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ed from the rest of the
coelom by a transverse
septaum. Note that the
heart forms an S-shaped
structure and consists of 3
chambers, a sinus venosus
an auricle and a ventricle
which gives off a ventral
aorta forwards below the

gills.

— Draw.

c) T. Hand-section of
Branchial Region.

Examine with the help of
a hand-lens and note
Notochord; spinal cord;
myotomes and myosepta;
two gill-pouches, one on
each side, in between
which are seen the dorsal
aorta just below notochord,
followed ventrally by the
oesophagus, respiratory
tube and ventral aorta.

— Draw.

- d) T. Hand-section of
Pesterior Trunk Region.

Examine and note :Dorsal
fin; myotomes and myo-
septa; spinal cord and
notochord; two_posterior
cardinal veins and dorsal
aorta in between; two
kidneys, cach showing at
its lower end a mesone-
phric duct; coelom ;testis
suspended by mesorchium
in male,or ovary suspended
by mesovariumin female
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(the ovary is distinguished
by its large ova) ; intestine
as a small tube ventral to
the gonad.

— Diaw.

¢) T. Hand-section of Tail
Region.

Examine and note : Poster-
ior part of posterier dorsal fin
(had the section been taken
anteriorly) or dorsal and
ventral lobes of caudal fin
(had the section been taken
posteriorly) ; myotomes and
myosepta; spinal cord;
notochord, caudal artery
and caudal wvein.

— Draw.

£) The ﬁnu{.
Examine the head region

from which the skin and
underlying dorsal muscles
have been removed away
and note the structure of
the brain :

The telencephalen is
formed of two olfactory
bulbs and two smaller
olfactory lobes (some-
times referred to as
cerebral hemispheres).
The diencephalon follows,
on the roof of which is
connected the pineal ap-
paratas. This consists of
the pineal eye (third eye,
which lies against a trans-
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parent area of skin in the
roof of the head) and the
parapineal body. The
mesencephalon shows two
optic lobes, and the hind-
brain consists of a small
cerebellum and-a well
developed medulla oblon-
gata. An extensive choroid
plexus develops in the roof
of the brain extending
above the diencephalon till
the medulla oblongata. This
plexus is often severed in
the preparation.

— Draw.

g) T.S. of the Skin,

Examine through the
L.P. and note :

— The epidermis is
built up of a stratified
squamous
several layers in thickness
(compare with dmphioxus).
Distinguish among its com-
ponent cells mucus-
secreting cells with a
basal compressed nucleus,
granular cells with a more
or less central rounded
nucleus and  pleatiful
granules, and club cells
which are particularly large
clear cells, rest on the
basement membrane of the
epithelium and usually have
.4 small flattened nucleus
in the middle.

Note that the epidermis
is covered on the surface
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by polyhedral cells whose
free borders are coloured
black and sometimes refer-
red to as forming a cuticle.

. — The dermis, is thick
(compare with Amphioxus)
and built up of a dense
connective tissue formed of
compact fibres which extend
parallel with the surface.
This layer is followed by
a loose connective tissue
which forms the subcutis
and contains, close to the
compact fibres, numerous
melanophores. Blood

vessels are also present.

The subcutis is followed
by striated skeletal muscles.
— Draw.
h) The Horny Teeth.
Examine a section of the

buccal funnel through the

L.P. and note the presence
of horny teeth. A horny
tooth is indicated by its
yellow colour and is seen to
consist of a cone of kera-
tinised epidermal cells on
the surface. However, the
individuality of the cells has
almost been lost. This is
the functional tooth. A
little below it is a similar
aggregate of cells, taking a
similar form and colour.
This is a replacing tooth,
which will replace the func-

tional tooth when this

wears off and falls down.
— Draw.

<« 206

B LBl ¢ = glandl 5,057 LY
9SS el 36 (] Sty ¢ sl
. Tl

Ol ) dbale IR LoVl —
el o f—’:ﬁ)‘((;w“:
428 25 DU a5 Cats”
Gadall oda gy L peladl & le
Coudd dall 0,5 $1San obs g
Ly sistapucilny Lot o i)
Lol sy L 2sW UYL
. & gad 1:9‘

- Caall Wl Cogiakll W,

. okt 3JSAI

el
LA ok —

ol ol oo Tolas el
"L Sy Ghall Al
e o1 ol Jayy 25,3
by 2 o By S 13
asbed] Dyl G 800 LIS -
35 Ol sb ¢ phadl Yo 455
c AT L cumtl ui L
J_&J.b,—x) cAlad g A ods
LU oo bt pans DG Lo
gl L L Oglly S s U
R IRE YIS # Je T
cdaigy oda Lo Ledie Bladll ol

.fw_)‘....

Yo



i) T.S. of Trunk Region.

Examine through the L.P.
and note : Dorsal fin sup-
ported by cartilaginous
radials arranged in a single
series; spinal cord overlain
byan adipose tissue form-
ing a ‘“fat column”;
notochord consisting of
notochord tissue (of large
vacuolated cells), mnoto-
chord -epithelium which
with its basement mem-
brane form the elastica
interna, a thick fibrous
sheath and a thin black
elastica externa. Note that
the notochord is continuous
with a layer of connective
tissue, which also surrounds
the spinal cord. Within this
tissue there -develop car-
tilaginous nodules which
correspond to the basi-
dorsals and interdorsals,
both . lying dorsal to the
notochord,on both sides of
the spinal cord, and form
the incomplete mneural
arch and interneural
arch respectively.

Note also two posteriar
cardinal veins and dorsal
aorta just below the noto-
chord; two  kidneys
showing each a meso-
nephric duct; coelom
bounded by splanchno-
pleure and somato-
pleure; gonad suspended
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from dorsal body wall by
mesenteron; intestine with
spiral valve; myotomes
and myosepta; skin with its
dctailed structure.

— Make a
drawing.

albelled

j) T.S. of Tail Region.

Examine through the
L.P. and note : Dorsal and
ventral lobes of caudal fin
~ supported by cartilaginous
radials; spinal cord; noto-
chord ; myotomes and myo-
septa covered with skin.
Below the notochord see
caudal artery and caudal
vein, See also basidorsals
or interdorsals.

— Draw,

k) The Ammocoete Larva

Examine a whole mount
of Ammocoetes of lamprey
and note :

— The general form
18 that of an eel-like
fish. The head differs from

that of the adult,the mouth,

cavity being surrounded
by an upper and a lower
lip and contains a number
of buccal temtacles (or

oral cirri), but is devoid.

of teeth and tongue. At
the posterior end of the
buccal cavity note the pre-
sence of a velum, followed

by the pharynx.
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In the pharynx note the
presence of gill-pouches.
The gill~arches and gill-
lamellae lie in and on the
walls of the pouches, Along
the ventral surface of the
pharynx is seen a double
strand of mucus-secreting
cells  forming the
endostyle (which will give
rise to the thyroid gland
of the adult).

Dorsally in the head
region note the median
nostril and on the side an

eye and an auditory organ.

Divisions of the brain are
also shown.

— A median fin
extends  along the greater
part of the body, forming a
continuous dorsal and a
caudal fin, A ventral fin
is sometimes applied to the

the part of the fin which’
extendsalong the ventralside.

Noteventralto the dorsal fin
the spinal cord and noto-
chord which extends nearly
the entire length of the
body. Note the scgmentally
arranged myotomes along
the sides of the body. - .

.- Thcheart, lies' vcnt-:.__',
- rally. just’ postcmor to, the' ‘

pharynx and consists of its
- usual g chambers,
. extend here in a straight
line (compare with adult).
The ventral aorta passes
forwards from the ventricle
below the gills. The dorsal
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aorta extends below the
notochord. Above the heart
there is seen the pro-
nephros.

— In the
system, follow the
pharynx to a narrow
oesophagus and this to the
wider intestine which
opens posteriorly by the
anal opening that lies
nearly at the root of the
caudal fin. Just posterior
to the heart lies the liver

digestive

with a spherical gall-
bladder.

— Make a  albelled
drawing.

~— In what respects does
the ammocoete larva of the
lamprey differ from the
adult ? And what are the
points of similarity between
this larva and Amphioxus ?

IIb. Superclass
GNATHOSTOMATA

The - thostomes in-
clude the vast majority of
vertebrates. They are
characterized by having two
articulated jaws around the
mouth, so that the mouth
can be opened and closed.

This superclass comprises
the more well known verte-
brates which fall under 8
classes :

1. Aphetohyoidea, which
are entirely extinct.
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2. Chondrichthyes,which
comprise dogfishes,
sharks, skates and rays.

3. Actinopterygii, which
comprise the well known
market fishes.

4. Crossopterygii or
Choanichthyes, which
comprise the lung-fishes
and some extinct forms.

Amphibia )
Reptilia 8
e

Aves ’ ?"
Mammalia )

The first four classes were
formerly included in one
class, Pisces (fishes). They
are all aquatic, with' a
streamlined body, move by
fins and breathe by gills.
The lungs and internal
nares are present only in
the Crossopterygii. The
great majority of fishes pos-
sess dermal scales as a
protective covering to the
body. Also they develop
peculiar integumentary
sense organs for meeting the
requirements of the aquatic
habitat; these organs deve-
lop in aquatic and larval
amphibians, but are entirely
absent with theiy special
nerves from the terrestrial

tetrapods. The ear is repre-
sented by the inner ear

® N o

Tetrapoda
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alone, and they possess one
auricle to the heart, cxcept
in the Crossopterygii where
it is partially divided into
two.

The Chondrichthyes, as
seen in the scheme of class-
ification, are placed near
the base of the evolutionary
scale of vertebrates. Ap-
parently, they are nearer to
the vertebrate ancestors
than any other existing
class. Many of their charac-
ters are, therefore, described
as primitive, and enable us
to understand well the basic
vertebrate organization. It
is largely for this reason
that they have received
considerable attention from
zoologists, and hence in
laboratory studies.

A. Class
CHONDRICHTHYES

This class comprises the
well known dogfishes, sharks
skates and rays.The skeleton
is entirely cartilaginous,
which may be calcified
in places, but true bone is
never developed. The body
is covered by placoid scales.
In the heart there is a
conus arteriosus with several
transverse rows of valves.
Many of the veins are ex-
panded in the form of large
sinuses. The male has two
claspers .attached to the
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pelvic fins, and there is a
cloaca. In the intestine
there is a large spiral valve
and the coelom communi-
cates with the exterior by
abdominal pores.

Most living members of
the Chrondrichthyes are
“included in the subclass
Selachii,of which the order
Euselachii includes most
of the living representatives
of the class. This order is
.divided into two suborders:
The Pleurotremata, with
gill-clefts lying on the sides
of the head (dogfishes and
sharks), and the Hypo-
tremata, with gill-clefts on
the ventral surface (skates
and rays).

The Dogfish

Scyliorhinus (Scyllium) canicula

Like  Amphioxus,  the
dogfish is not at all com-
mon in our regional waters;
most specimens supplied in
our laboratories are import-
ed and preserved in for-
malin. However, the student
should study as much as he
can of the specimens
provided: Preserved speci-
mens should be washed
first in running water be-
fore dissection to get rid
of the smell of formalin.
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a) External Features.

Examine the specimen
provided and note :

— The general shape
of the body, is spindle-
shaped, bilaterally compres-
sed posteriorly and with an
upturned tail. Note the
colour of the body, spotted
and darker dorsally. Pass
your finger on the body
from behind forwards to feel
the placoid scales which
cover the whole body.

— The head extends
from the snout to the last
gill-slit. It is followed by
the trunk,which ends at
the cloacal aperture on
the ventral surface, and
then merges into_the tail
which constitutes about half
the length of the body.

Note in the head, the two

eyes each guarded by
two eyelids; the two

nostrils on the ventral
surface, each leading into
an olfactory sac; and the
crescent-shaped  mouth
opening guarded by two
jaws beset with several rows
of sharp pointed teeth.The
two nostrils are connected
with the mouth, each by
an oro-nasal groove.
Posterior to each eye lies
a small hole, the spiracle,
which opens . into the
pharynx, and is followed by
5 clongated gill-slits which
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likewise open into the
pharynx, the spiracle being
considered as a modified
but non functioning gill-
pouch.

Minute pores, scattered
on the head, lead into
sensory canals and are con-
nected with two lateral-
line canals, each running
along one side of the body
tillthe end of the tail. The
two canals are indicated by
two faint lateral lines.
They form part of the
acoustico-lateralis sys-
tem. Similar pores are
numerous on the snout,
but each pore leads into an
ampulla. The former are
thought to be concerned
with the perception of
vibrations in the water,
while the latter with tem-
perature perception.

— The fins are either
unpaired (median) or
paired (lateral). The
former are two dorsal fins,
along the back, a ventral
or anal, posterior to the
cloacal aperture, and a
caudal, around the end of
the tail. The caudal fin is
asymmetrical or hetero-
cercal, its dorsal lobe being
smaller than its ventral lobe.
It helps to lift the heavier
anterior half of the body
when the fish sinks down in
the water. The paired fins
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are two pectoral fins,
situated one on either side
of the trunk just behind the
last gill-slit, and two pelvic
fins, one on each side of
the cloacal aperture.

Note, in the male alone,
the presence of two grooved
rod-like structures, the
claspers, connected with
the inner edges of the pelvic
fins. They are copulatory
in function.

The chief organ of loco-
motion is the tail, with its
fin; the pectoral fins are
used in steering, while the
dorsal and ventral fins in
maintaining equilibrium,

— The abdominal
pores are two in number,
lying in two depressions ,
the cloacal pouches ,
one on each side of the
cloacal aperture, and con-
nect the coelom -with the
exterior.

— Make a drawing of a side
view of the dogfish, and another
of the ventral view.

b) The Scales.

* Take a small piece of the skin
and boil it for a few minutes in
KOH to dissolve the soft tissues.
Put the scales on a slide and
examine under the L.P, of the
MiCroscope.
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Note the general shape
of the placoid scale with
its spine and basal plate.
The placoid scales and the
teeth of vertebrates (except
of Cyclostomes) are homo-
logous structures.

Examine a V.S. of the
skin and note that it cosnists
of an epidermis anda
dermis. The former is built
up of a stratified squamous
epithelium which contains
few mucus-secreting cells,
The dermis is built up of
connective tissue and con-
tains melanophores which
lie close to the epidermis.
It also contains the scales
which, however, project on
to the surface of the body.
A scale in section consists
of a central pulp cavity
surrounded by a layer of
dentine, covered on the
surface by a layer of
enamel or vitrodentine,
which is the hardest product
of animal tissues. Note that
the pulp cavity contains
blood vessels, nerves and
odontoblasts.

— Draw.

c) The Digestive System.

* Fix the dogfish down on the
dissecting board, with the ventral
surface facing you, by means of
fine nails through the paired fins.
* Make a longitudinal median
incision in the body wall from the
cloacal opening to the pectoral
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girdle. Make also two transverse
incisions at each end of the long-
itudinal incision, then reflect and
pin down the two flaps.

* Cut through the pelvic girdle,
slightly to the right side of the

median line, so as to keep the
cloaca intact.

Examine the digestive
system and note :

— The buccal cavity
extends from the mouth
opening to the pharynx;
the openings of the two
spiracles indicate the post-
erior boundary of the buc-
cal cavity.

— The pharynx, with
the openings of the spiracles
and gill-clefts.

Defer the examination of the
mouth and pharynx to a further
step.

— The oesophagus is
a short tube leading to
the stomach.

— The stomach is U-
shaped, with a cardiac
limb and a pyloric limb,
the former being wider.
Pass the handle of your
scalpel through the mouth
to see that it reaches the
cardiac limb of the stomach.

— The intestine is
marked from the pyloric
limb of the stomach by a
slight pyloric constriction.
The first part of the intestine
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is 2 short duodenum. This
leads to a capacious ileum
on the surface of which are
present the markings of the
spiral valve which can
better be seen if the ileum
is longitudinally cut. Its
function is to slacken the
passage of food and to
increase the digestive and
absorptive area of the in-
testine. The last portion of
the intestine is a short
narrow rectum which
opens into the cloaca.

—- The Hver is large,
brownish in colour and
bilobed, the right lobe being
much the larger. The two
lobes are connected together
anteriorly and are attached
to the anterior wall of the
body cavity by a strong
falciform ligament. The
gall-bladder is whitish
and embedded in the left
lobe of the liver. The bile
duct leaves the gall-blad-
der, receives hepatic ducts
from the two liver lobes and
finally opens on the dorsal

surface of the duodenum, .

close to the ileum.

— The pancreas 1is
whitish in colour,
formed of a dorsal lobe
and a ventral, lobe and
extends between the pyloric
limb of the stomach and the
ileum.There is a pancr-
eatic' duct which opens
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at the beginning of the
ileum.

—The rectal gland is a
short finger-like sac at the
junction of the ileum and
rectum. Although called
gland, yet no function has
been conclusively attributed
to it, but it is said to
excrete  excess sodium
chloride taken in with the
food.

— The spleen is brown-

ish in colour and lies
closely attached to the
stomach. It should be

understood that this organ
has nothing to do with the
digestive system rhore than
its attachment to the
stomach.

— Make drawings of the
digestive system and label the
parts.

d) The Respiratory
System.

* Cut through the skin from the
pectoral girdle to the tip of the

lower jaw. Remove away the skin
ag far as the gill-clefts.

* Cut with the scissors through
the gill-pouches of one side as
far as the internal openings into
the pharynx.

Examine the gills and
note :

— The gill-pouches are
five pairs, each opening to
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the exterior by an outer
gill-slit, and into the
pharynx by an inner gill-
slit. Each two adjacent
pouches are separated by a
gill-septum.

— The gill-arches are
five in number and lie in
the inner wall of the
pharynx at the inner por-
tions of the gill-septa. Gill-
rays extend fromeacharch
into the septum.

— The gill-lamellae are
highly vascular folds of
mucous membrane ar-
ranged on both sides of
each gill-septum. An entire
gill is 2 holobranch, made
up of two hemibranchs.
The first four arches carry
four holobranchs, the fifth
none. The hyoid arch carries
a hemibranch on its post-
erior surface, while on its
anterior surface there is a
number of vascular folds
forming a pseudabranch
which lies on the posterior
wall of the spiracular pouch.
This indicates that the
spiracle is a modified gill-
pouch.

Remove a gill-arch (1-4)
and identify its detailed
structure.

— Make drawiﬁgs of the
gills and label the parls.
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e) The Heart and Chief
Blood Vessels.

* Cut through the pectoral girdle
and remove its middle portion.
Be careful not to damage the
heart which lies “‘below” it.

The principal cavity
which encloses the heart is
separated from the peri-
toneal cavity by the trans-
verse or pericardio-
peritoneal septum; it is
perforated, putting the
two cavities into open
communication.

Examine the heart and
note its S-shape, and that
it consists of four chambers:
sinus venosus, auricle,

ventricle and consus arter-

iosus., Note the relative
thickness of the wall of
each chamber, the ventricle

being the thickest and the
sinus venosus the thinnest.

The sinus venosus receives
two hepatic sinuses from
the liver, as well as two
Cuvierian ducts, each of
which receives : an inferior
jugular sinus and an
anterior cardinal sinus
from the anterior region of
the body, and a posterior
cardinal sinus from the
region of the kidney, from
which it receives several
renal veins. The posterior
cardinal sinus also receives
a subclavian vein from
the pectoral girdle,a lateral
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abdominal vein from the
pelvic region (corresponds
to the anterior abdominal
vein of the toad) and a
lateral cutaneous vein,
which is more superficial,
from the tail region.

A hepatic portal sys-
tem collects blood from
the alimentary canal, liver,
pancreas and spleen. A
renal portal system is
also present, starting in the
tail region as a caudal vein
that divides into two renal
portal veins which enter
the two kidneys.

From the conus 3rteriosus
the ventral aorta proceeds
forwards below the gills.
It gives off 5 afferent
branchial arteries on
each side, each runs to the
opposite gill-septum along
the corresponding gill-arch.
They break down into capil-
laries in the gill-lamellae
where exchange of gases
takes place; the capillaries
recollect forming g efferent
branchial arteries. Lach
two of the latter form a
loop; the ninth joins the
posterior loop. Each loop
gives off dorsally an
epibranchial artery. Four
of such artery are formed
on each side, which join
the dorsal aorta dorsally.
They can be dissected out
- in the roof of the pharynx.
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Follow the dorsal aorta as

it runs close to the vertebral
column and identify the
following branches which it
gives off in its way : 2
subclavian arteries to the
pectoral fins; a coeliac
artery to the stomach,
liver, part of intestine and
pancreas; an anterior mes-
enteric artery to the
intestine; a liemogastric
artery to the spleen, part
of stomach and pancreas;
a posterior mesenteric
artery to the rectal gland;
several renal and gonadial
arteries to the kidneys and
gonads;and 2 iliac arteries
to the pelvic fins. The dorsal
aorta finally ends in the tail
as the caudal artery.

— Make labelled drawings
of the heart and the chief veins
and arieries,

* Remove the floor of the mouth
(noting the rudimentary tongue)
with the heart and pin it down
in a dissecting dish under water,
Open the ventricle by a horizontal
incision and proceed forwards
along the right side of the conus
arteriosus to its anterior end.
Also open the auricle and the
sinus venosus in a similar way
and note :

— The conus arteriosus,
which has two sets of valves,
each set consisting of three
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valves, and lying one sct in
front of the other.

— The ventricle, which
is very thick-walled and its
opening in the auricle is
guarded by two auriculo-
ventricular valves.

— The auricle, which is
thin-walled and its opening
from the sinus is guarded
by two sinu-auricular
valves.

— Make a drawing of the
dissected heart o show as much
as you can of 1its internal
struclure.

f) The Urinogenital
System.

* Cut through the falciform
ligament and remove the liver
taking care not to injure the
internal opening of the oviducts
in case of the female, or the
testes in the male,

* Cut through the oesophagus
and rectum and ‘through the
mesenteries , then remove the
alimentary canal. You may
examine now more clearly the
spiral valve and the contents of
the stomach by opcning the canal
lengthwise. Note that these con-
tents arc of animal origin, other
fish and crustaccans, for the
dogfish is carnivorous.

In the male, notc :

— The testes arc two
clongated bodics attached
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to the dorsal body wall by
the mesorchium.,

— The vasa efferentia
are two sets of thin tubes;
each set leads from its testis

to the corresponding kidney.

* Sever the dorsal peritoneal

lining to expose the kidneys.

—The kidneys are two
in number; each is formed
of two portions.The anterior
portion is connected to the
testis by vasa efferentia
which lead. to a vas
deferens that forms a
compact mass of convolu-
tions giving rise to the
epididymis. The posterior
portion of the kidney is
much larger and is the
functioning excretory por-
tion.

~— Two vesiculae semi-
nales, ecach is a dilation of
the posterior part of an
epididymis, and opens into
the urinogenital sinus.

— The sperm-sacs are
two blind sacs which lie
along the ventral surface of
the vesiculae seminales. The
two are free in front, but
unite behind to form the
urinogenital sinus, which
opens through a wurino-
genital papilla into the
cloaca, just behind the
rectal opening.
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— The kidney ducts
(“‘ureters’) are usually 5
pairs of coiled tubes leading
from the excretory part of
each kidney to unite to-
gether and open as a com-
mon duct on éach side into
the urinogenital sinus.

— The siphon is a sub-
cutaneous sac located in
front of the cloaca. It has
two prolongations connected
each with one of the two
claspers in the male. The
siphon may have a sexual
function. Remove away the
skin of the abdominal wall
in front of the cloaca and
locate the siphon.

— Make a labelled drawing
of the male urinogenital system.

In the female, note :

— The ovary is single
and varies in size according
to the season and to the
sexual maturity of the fish.
Note the large size of some
of the eggs-.

— The oviducts are
two in number.  They
unite anteriorly and com-
municate with the coelom
by a common internal
opening. Fach oviduct, a
short distance posterior to
this opening, swells up
giving rise to a shell-gland.
Posteriorly, the two oviducts
unite and open into the
dorsal region of the cléaca
by a.large median opening.
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Sometimes the oviduct
may show a posterior
dilation by the presence
inside it of an egg-case.
Slit open the oviduct to get
this egg-case out and note
its rectangular shape and
the tendrils into which its
‘ four corners are drawn out.
These enable the egg-case
to be anchored to sea~-weeds
when laid down in water.
The case is of horny con-
sistency and is secreted by
the shell-gland.

— The kidneys are,asin
the male, but the anterior
portions are degenerate.

— The kidney ducts
(“ureters’’) are 4-6 thin
tubes from each kidney.
They open into the urinary
sinus and this in turn into
the cloaca by a urinary
papilla.

— Make labelled drawings

of the female urinogenital system
and the egg-case.

— How 1is fertilization

effected in the dogfish ? °

Note the presence of the
two claspers in the male.

g) The Nervous System.

* Lay the dogfish on its ventral
surface and dissect from above.
Remove the skin from the dorsal
surface of the head as far as the
last gill-cleft.

* Open the orbit by cutting
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the eyelids, and carefully move
the eyeball but without severing
its muscles.

* Remove away in slices the thick
muscles lying posterior to the
cranium as far as the pectoral
girdle. "

* Cut through the roof of the
cranium on both sides, and lift

it so as to expose the brain from
above.

— Examine the brain
from the dorsal side,
and note that it nearly fills
up the cranial cavity; it is
narrow between the orbits
but expands in front of
them. Identify the following
parts of the brain : the
olfactory lobes, closely
applied to the large olfac-
tory capsules; the prosen-
cephalon, lying
globular mass behind the
olfactory lobes; the thala-
mencephalon, which is
narrow and from its roof
arises the pineal body; the
optic lobes, as two ovoid
bodies partly concealed by
the cerebellum which is
much more prominent than
in the toad; the medulla
oblongata, which is trian-
gular and on each side of
it is a folded structure, the
restiform body. '

— Make a drawing of the
brain from the drosal side.

— Examine the eyeball
and identify the following
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eye muscles: the superior
rectus, which is inserted
on the upper side, the
anterior (internal) rectus
on the unterior side, the
posterior ( external )
rectus on the posterior side,
and the inferior rectus
inserted on the ventral side
of the eyeball. There are
two other muscles, the
superior oblique which
is inserted on the dorsal
surface of the eyeball, and
the inferior oblique on
its ventral surface. Note that
the four recti mucles origi-
nate from one place, and
so do the two oblique
muscles.

— Draw the eyeball with
ils muscles.

— Dissect the cranial
nerves. It is preferable to
remove away the eyeball
by cutting the optic nerve
and the eye muscles,

Note that the cranial
nerves are 10 pairs as in
the toad. They are also
similar in arrangement.
Thus the olfactory (I),
optic (II), oculomotor
(III), trochlear or pathe-
tic (IV), abducent (VI)
and auditory (VIII) nerves
are pretty similar to the
corresponding nerves in the
toad. The remaining cranial
nerves differ in some
respects from those of the
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toad, for they supply in the
dogfish structures found
only in the lower aquatic
vertebrates. Thus :

The trigeminal nerve
(V) has a superficial
ophthalmic branch which
runs along the dorsal wall
of the orbit and ramifies
in the skin of the dorsal
surface of the snout. It has
the usual maxillary and
mandibular branches.

The facial nerve (VII)
has a superficial ophthal-
mic branch which extends
along with the branch of the
trigeminal nerve bearing
the same name. The other
branches are the buaccal,
palatine and hyomandi-
bular nerves.

The glossopharyngeal
nerve (IX) supplies the
first gill, above which it
divides into a pre-bran-
chial branch and a post-
branchial branch,

The vagus nerve (X)
gives off 4 branchial
nerves to the last 4 gills,
a visceral branch to the
heart, stomach and other
viscera, and a lateralis
nerve to the lateral line.

— Make a drawing: af the
cranial nerves.
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*¥ Cut across the medulla and
threugh the olfactory nerves as
well as through the roots of the
other cranial nerves.

Remove the brain from the
cranium, put it down in a dissect-
ing dish, examine and note :

— On the ventral
side of the brain, note :

The prosencephalon;
olfactory lokes; optic
chiasma on the under
surface of the thalamen-
cephalon; infundibulum
formed of two lobi in-
feriores, immediately be-
hind the optic chaisma,
and is produced posteriorly
into the saccus vasculosus;
pituitary body attached

to the infundibulum;
medulla oblongata.
— Make a labelled drawing

of the ventral surface of the
brain,

h) The Skeleton.

The skeleton is entirely
formed of cartilage and
remains cartilaginous
throughout life; bone is
never developed in the
dogfish. The skeleton is built
up on the same plan as in
the toad except for the
absence of the sternum and
the presence of ribs, median
fins and paired fins,instead
of pentadactyle limbs. Ex-
amine a mounted skeleton
of the dogfish and note :
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— The skull is formed
of the cranium, sense
capsules and visceral
arches. The cranium is
incomplete above by the
presence of alarge anterior
fontanelle in its roof. There
arc scveral formina in the
side walls of the cranium
for the passage of cranial
nerves. The olfactory
capsules are large, and
like the auditory capsules,
are fused with the cranium.

The visceral arches are
7 in number, the mandib-
ular, the hyoid and 5

succeeding branchial
arches. Thc mandibular
arch consists on each side
of a palatopterygoquadr-
.ate bar, which forms half
of the upper jaw, and the
Meckel’s cartilage that
forms half of the lower jaw.
The upper jaw is suspended
to the base of the cranium
by the hyomandibular
(hyostylic skull). The
hyoid arch is divided on
each side into an upper
hyomandibular and a
lower ceratohyal; the two
ceratohyals are connccted
togcther by a . basihyal.
Each of the branchial
arches is divided on each
side into 4 cartilages : a
pharyngobranchial, an
epibranchial, a cerato-
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branchial and a hypo-
branchial. The fifth arch
lacks the  hypobranchial
elements. The two posterior
pairs of hypobranchial carti-
lages 4nd the ceratobranch-
ials of thefifth arch are conne-
cted to a single basibranch-
ial cartilage,which like the
basihyal extends along the
mid-ventral line. It streng-
thens and supports the dorsal
wall of the pericardial cavity,
—  The . vertebral
column is formed of two
distinct regions, the trunk
and the tail. The vertebrae
are amphicoelous, that is,
concave on both sides, and
their centra are traversed
by the notochord forming a
central core (compare with
_ the toad). A neural arch
surmounts the centrum,
and consists of the basi-
dorsals (vertebral neural
plates) and of the inter-
dorsals (intervertebral
neural plates). Neural
spines (supradorsals) lie
on top of the neural arches.
- Projecting laterally from
each side of the centrum is
a basiventral or trans-
verse process, to each of
which is attached a rib.
In the tail region,the ribs
are absent, and each two
basiventrals meet together
forming a haemal arch
which surrounds the caudal
artery and caudal vein.
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— Make drawings of the
skull from various views and
of the trunk and lail vertebrae.

— The girdles and fins.
The pectoral girdle con-
sists of two dorsal scapular
portions and a ventral
coracoid portion. The
pelvic girlde is a simple
transverse  ischio-pubic
bar.

The pectoral fin is
supported by g basalia
(pro-, meso- and meta-
pterygium)which articulate
with the girdle,and radialia
which spread from the
basalia fanwise. The margin
of the fin is supported by
horny fin-rays or cerato-
trichia. The pelvic fin
skeleton consists of a single
basal, the basipterygium,
radialia and horny fin-rays.
In the male a skeletal rod
arises from each basiptery-
gium to support the clasper.

— Make labelled drawings
of the girldes and the skeleton
of their fins.

i) Transverse Sections.

* Transverse sections are pre-
pared from specimens that have
been hardencd in formalin. With
the help of a sharp razor or a
sharp butcher’s knife, cut the
hardened specimen through the
pharyngeal, trunk and tail
regions. Examine and note @
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1. In the pharyngeal
region : the thick muscula-
ture, vertebral column
enclosing the spinal cord,
the heart, skeletal elements
of gill-arches, gill-pouches
which seldom appear sym-
metrical on the two sides,
and various blood vessels,
etc.

— Draw.

2. In the trunk region :
the  musculature and
vertebral column, mesen-
teries supporting stomach,
gonads, liver, ileum with
spiral valve, spleen, etc.,
lateral line canals, blood
vessels, etc.

— Draw.

3. In the caudal region:
the musculature  and
vertebral column, caudal
artery and vein, etc.

— Draw.
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B. Class
ACTINOPTERYGII

The Actinopterygii form
the third class of the
Gnathostomata, but are the
last group to evolve among
fishes. Since then, they have
followed a specialised evolu-
tionary line which deviated
from the direct line of
descent of the Tetrapoda.
They, together with the
Crossopterygii, were once
known by the name Oste-
ichthyes, but this name
has recently been aban-
doned. The Actinopterygii
are classified into 4 orders,
the most flourishing of which
today is the order Teleostei,
characterised by a skeleton
formed mostly of bone in
the adult. This skeleton has
undergone considerable re-
duction during the evolu-
tion of this group. Thus the
scales have become thin
overlapping circular plates
of bone (hence cycloid),and
the head shields have be-
come fewer in number and
lighter in weight than in
their ancestral forms. An
air-bladder, with a hydro-
static function, is presént;
the specific gravity of the
body is nearly equal to that
of the surrounding water.
Thetail is homocercal. There
is no spiracle, the gill-
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slits are only 4 pairs,and
the gills are covered by an
operculum: There are usual-
ly separate urinary and
genital apertures.  The
conus arteriosus of the heart
and the spiral valve of the
intestine are .both absent.

The importance of the
Teleostei lies in their
abundance, both in number
and variety, and the great
success which they have
achieved in the sea and
fresh water. They form an
important food resource for
human consumption.

The Bolti
Tilapia nilotica

This favourite edible fish
is very common in our
freshwater sheets, and is also
raised in private ponds and
rice fields. The record
length of the Bolti is 530mm
but averages 250-350 mm.
Its food consists of mosquito
larvae, small other aquatic
animals as well as plants,
that is, the fish is omni-
vorous.

a) External Features.
Examine the specimen
provided* and note :

* The specimens provided in the
laboratory may belong to any of
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— General form of the
body, is bilaterally com-
pressed along its entire
length. The colour is
variable, from pale silvery
grey to dark olive, the fins
may be edged with bright
red. Some dark vertical
bands may be present on
the caudal fin.

~— In the head, the
mouth is terminal and
small, and is surrounded
by two jaws,each beset with
several rows of small teeth.
The eyes are large; the
eyelids are absent. Two
small nostrils lic in front
of the eyes. There is an
operculum or glll—covcr
on each side of the héad,
formed of two portions: a
large anterior bony portion
supported by bones con-
nected to the bones of the
skull, and a small posterior
membranous portion, the
branchiostegal mem-
brane, supported by five
branchiostegal rays. Lift
an operculum and note the
presence of the gills, bright
red in colour in fresh speci-
mens. Spiracles are absent
(characteristic of the group).
The gills lie on each side of
the head in one chamber,

the three following species :
Tilapia niltotica, T. zillii or T.
galilaea, all of which differ but
slightly one from the other.

«— 244

(...J-b ¢ pll F.M JSb —
4{4,1, do o) Lyrde
il Gloll e ol ik
5 ¢ oSl L;;,;£ I Jeot
Al el e el ol 0,SS
b2l LI diel Loty S5
&S s L,

db s A o d—
sde OMast OIS 4 bt ¢ o
el € ¢ B Ol 0 Cins

- A3 Owll Opioy ¢ DS LY

fLJ Ol (a9 bond 55
de il slhad oy y . ool
o 55y ¢ P (Gl o S
L5 ol Ul S s ¢ ol
s ¢ Aazad| allan a5 pllae
ﬁbt}ll sllad slid ja o= e
S sl il ool b
Ondy Ot pellaill ol il
Wb sl Ay ¢ AL 2
Olaially . Tlkll Skl 3
. (Aegeanadl 358 A ) OULE
o G J 3 S s

—

PR TL AN PR A W
Cadds L o sl S J‘IJLLJ
IV pin o L 2 Yy

Yit



J,.jl .u:| w‘;"
head

(Lateral view ,g\» A
(Afcer Boulenger)

‘5"11" &U:‘ Ll

dorsal lateral line

Gl"'. G’U'I Jak|

ventral lateral

Ll e
dorsal fin LM

LA

cycloid scales

Call
¢ s
ve N N

line nostril
caudal fin -/&Jthopenlng
L) 22ie PRI
vencral fin G
operculum

Sl il g t:‘at:c.hlllo‘wl i

phniiatio ) opening
mesonephric duct okl AR PR PRTY N g 12 ;ﬁ:nﬁ:

2 7

o2 A A g 2 kidneys  yrinocenital papilla

mesonephric duct

pelvic fin e

Ry posterior portion yldf ol : 7/ \ ““
’ \

- (34 ol 0 m
Z okadl (covered by epidermis) "‘;ﬁ@-

' - { "’\*/» g mﬂl
b LDl e Lt

. L K 38 g = (]
Jilieley u‘:'-l‘:::; llj:dder prament el SN
vas deferns \Nﬁr np

Al Ay dodl anterior portion ‘_Aﬁl }-\ I = %‘(fl

urinogenital opening

. ol ) fl.u o Olmill Olad LY i ) = .//
;Jn L!""L'-'J J)‘” J\G.;" (covered by preceding scales)

Mn.le urinogenital system A P R et il Gl L ,I.Ul u,.-ﬁLl
s At el X LAY \\ alr-bladder Cycloid scale
.‘.)\::L(ﬂ peritoneal c:v_lt o) N\ . gl skt
2 kldneys Y i . AN AN cardiac portion| saall
L ’ L;_le\ ok stomach

pyloric portion

sl
oesophagus
ASY Y il
right lobe
of liver

PN
o A w\ .
mesonephric duct

(.S.Ll),‘ hJ"
sinus venosus

Uy Sl Ll Hilad
urinary bladder " bulbus arteriosus

Sl e 8 A s, nladl
<common

mesonephric duct yentricle

S Wl Gy gl

Lyt 2ozl -
urinaj ”:‘ nin ‘ pericardial cavity
7 opene LM\
YL Bl e et gallbladder oAl o
female genital opening Oladl A5 ;-:9‘ a Ll transverse septu

2 ovaries left lobe of liver  intestine 9

2 |
Diu:c:duhnliui “K."J\:’ lﬁy::”u”::‘\j\‘_s"'u - to J("'
FIG. 45 - TILAPIA NILOTICA



called the branchial
chamber, which opens to
the exterior by a single
branchial opening.

— The trunk extends
from the branchial openings
as far as the anal opening
on the ventral side. A
urinogenital papilla lies
posterior to the anus, This
carries either one aperture
in the male, or two in the
female. In the latter case,
the two apertures are an
anterior genital and a post-
erior urinary.

— Two lateral lines
are present on each side of
the body, the ventral of
which is shorter than the
dorsal one.

— The median or
unpaired fins are the
dorsal, anal or ventral,
and caudal. The dorsal fin
is single but long and is
supported by 15-18 spines
followed by 11-15 soft seg-
mented rays, which are
longer than the spines
(compare with the dogfish).
The ventral fin is supported
by g spines and 9-11 soft
rays. The caudal fin is
supported by soft rays only.
It is homocercal, that is,
externally symmetrical but
internally  asymmetrical.
The edge of this fin is usual-
ly truncate in the young but
rounded in the adult.
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—The lateral or paired
fins are the pectoral and
the pelvic fins. The pectoral
fins are falciform and arise
close to the opercula. The
pelvic fins are more anterior
in position than in the dog-
fish, thus described as
thoracic. Each is supported
by a strong spine.

— Make a labelled drawing
of a side view of the Bolt.

b) The Scales.

Note that the body is
covered all over by scales.
They are quite different
from the placoid scales of
the dogfish, and are des-
cribed as cycloid scales.
They are nearly circular,
thin, bony discs embedded
in the dermis and covered
by the thin epidermis. Note
their imbricate arrange-
ment. A three-sided portion
from every scale is exposed,
the rest being hidden below
the scales in front. Take out
‘a scale, examine it under
the L.P. of the microscope
and note the circular lines
on it. Some of these lines
are thick and the number
of these depends on the age
of the fish. They are the
lines of growth.

— Draw a scale, and deter-
mine the age of the fish.
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c) The Digestive System.

* Lay the fish in the dissccting
dish on one of its sides. Cut
through the body wall starting
from the anus upwards as far as
the ventral lateral line. Proceed
forwards a little above this line as
far as the pectoral arch. This
latter can easily be located, for
it lies parallel to. the posterior
edge of the operculum.

* Cut, with the strong scissors,

through the pectoral arch, and
then down parallel to it to the.

mid-ventral line.

* Turn down the flap of the

body wall and. cut through the
body wall along the mid-ventral
Jine until you reach the anus,
thus removing away the flap.

* Note that the body cavity is
lined blackish, and is divided, as
in the dogfish, by the pericardio-
peritoneal or
septum, into an anterior small
pericardial cavity enclosing the
heart, and a posterior large
peritoneal cavity containing the
rest of the viscera,

* Remove away the operculum,
by cutting through it along its
connections with the skull. Thus
you expose the gills. Don’t throw
away the operculum ; keep it for
further examination.

* Cut through the angle;of the
mouth, so as to expose the buccal
and pharyngeal cavities.
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Examine the digestive
system and note :

— The mouth, which is
surrounded by two jaws,
each beset by 3-7 rows of
small villiform teeth. In the
roof of the buccal cavity is
a maxillary wvalve at-
tached to the premaxillae,
and in its floor is'a man-
dibular valve attached to
the dentaries. The two
valves are spoken of as the
buccal valves; they are
respiratory in function. A
small tongue is also present.
The palate is toothless.
Gently pull the jaws to see
that the mouth is slightly
protrusible.

— The pharynx is not
distinguished from the
mouth, the two forming a
common buccopharyngeal
cavity. However, in the
pharynx are found :

i) The gills, which you
better defer their examina-
tion to a further step.

i1) The pharyngeal
teeth are two sets of small
teeth lying one on the roof
of the pharynx , the

superior pharyngeal
teeth, and another on
its floor, the inferior

pharyngeal teeth. The

two sets work one against
the other to mince the food.

— The oesophagus is
short, lies dorsal to the
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heart and pierces the trans-
verse septum to pass into
the stomach.

~— The stomach is
peculiar in shape. It is
described as being of the
caecal type, that is, its
cardiac portion extends
backwards into a blind sac
or caecum which serves to
store the food. The pyloric
portion of the stomach is
small and shifts ventrally.

— The intestine is a
very long coiled tube,much
longer than that of the
dogfish or the toad. It is
enwrapped in adipose tissue
held in the mesenteries.
Unravel the coils of the
intestine.

Note that there is hardly
any external differentiation
of the intestine into
duodenum, ileum and
rectum, such as found in
the toad and dogfish. The
. pyloric caeca, which are
common Sstructures to the
Teleostei, are absent from
Tilapia. You may see them
in a demonstration speci-
men of grey mullet (Mugzl),
as a number of short blind
finger-like sacs opening into
the intestine at its junction
with the stomach.

— The liver is large,
bilobed, dark red in colour;
the left lobe is much larger
than the right and extends
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nearly as far backwards as
the posterior wall of the
body cavity. The gall~
bladder is a membranous
spherical sac, which lies
anteriorly at the lével of
the pylorus. A bile duct
extends from it to open into
the anterior end of the
intestine, very close to the
pylorus.

— The pancreas is not
a compact gland in Tilapia
as is the case in the
majority of the Teleostei.

It is in the form of microc-

scopic alveoli scattered in
the adipose tissue of the
mesenteries, as well as inside
the liver, Thus, the liver is
sometimes spoken of as a
hepatopancreas. A pan-
creatic duct collects from
the alveoli and opens into
the intestine close to the
bile duct. Needless to say,
you cannot see the pancreas
with the naked eye.

— The spleen is a dark
red ovoid organ which lies
‘between the caecal portion
of the stomach and the left
lobe of the liver.

— Make a labelled drawing
of the digestive system.
Cut the intestine at both

ends, measure it and find
out the ratio between its

length and that of the body,

from the tip of the snout to
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the insertion of the caudal
fin.

d) The Respiratory
System.

* You have alrecady exposed the
gills by removing away the oper-
culum. Examine this operculum
now and note the absence of a
pseudobranch “on its inner sur-
face. Examine a demonstration
specimen of a fish, like Mugil, in
which such .pseudobranch is
present as a small reddish tuft
of blood vessels.

Count the gills (only 4)
and compare them with
those you are faniliar with
in the dogfish. The gills
here are not enclosed in
gill-pouches because the
gill-septa are very short.
Consequently there are no
such gill-lamellae as in
the dogfish, but loose
gill-filaments which hang
down from the gill-arches
into the branchial chamber
on each side. Two rows of
such filments are attached
to each gill-arch. From the
anterior border of each arch
project two rows of short
teeth-like processes called
the gill-rakers. They serve
to protect the delicate fila-
ments from the ill-effect of
silt material which they
strain from the respiratory
water current. Note that
the fifth arch does not
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carry any fllaments. Thus
there are only four holo-
branchs.

* Take out a complete gill by

cutting it at both ends and verify
the above points.

~— Make a labelled drawing
of the gills in situ and of an
isolated gill.

¢) The Air-, Gas- or Swim
Bladder.

The teleost fishes are
characterized by the possess-
ion of a hydrostatic organ
called the air-, gas- or swim
bladder. This you find lying
above the dorsal body
wall, below the vertebral
column. It is a thin-walled
elongated capacious sac,
silvery white in colour. In
Tilapia, the air-bladder has
no connection. with the
- oesophagus and Tilapia is,
therefore, . a physoclystic
fish. In some other teleosts,
such as Clarias, there is a
connection between the air-
bladder and the cesophagus
through the pneumatic duct,
and are described as
physostomous fishes.
Other functions have been
ascribed to the air-bladder.

— Make a drawing of the
air-bladder.
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f) The Circualtory
System.

Examine the heart which
you find lying ventral to
the gills, just anterior to the
transverse septum. Unlike
that of the dogfish, note
that it consists of g chambers
only: a sinus venosus, an
auricle, both thin-walled,
and a muscular ventricle.
The ventral aorta proceeds
forwards below the gills,
and swells up at its origin
from the ventricle forming
a bulbus arteriosus.

* Dissect the ventral aorta by
carefully clearing it off from the
surrounding tissues and follow up
the aortic arches which it gives
off to the gills.

Note that there are only
4 aortic arches.

Each arch is formed of an
afferent branchial vessel
and an efferent branchial
vessel. The 4 efferent
branchial vessels join a
lateral dorsal aorta on
each side. The two lateral
dorsal aortae unite together
anteriorly and posteriorly
forming the cephalic circle.

The arterial and venous
systems of Tilpia are built
up on 2 plan similar to that
of the dogfish. However,
there are no large sinuses but
ordinary veins.

<— 2h4

c 9l gk — o

S B sy ¢ AN il
Ul (B 2l 2
¢ al Gy L Bl pepadl
Q’S:.: ¢ f-,“ JJ k..)bu-
oLl 33 LAy udlyis 59
ol e ey L Lbe oy
ity oA Jiwd CW\ Ji
o) G ool op s e
. &gl A

R R R S LF
P LB P LR S 9!
A o Gl

dyed Gl )l o O
. dadh

ey o Bl oo IS 055
ke By sloys Dy Sy
poball Lapndl dey¥ el
¥ sld Sl J5 0w
Ol el L by L Jl
s Cadly e o LIS
Al ) 33001

S el QU AN Oblgdl
Sy aud ol fe Ol B

Agaledsy o faSopartadegy

Yot



Aades Loy s
fepldotrichna ::f;:l

Ek! e
tronk vertebrig
b o

€orsal ridy

J..Jﬁ "
caudal vertebrae

52 -:.LvIL)a pectonal fla ’ Gt 1A
oy . o venteal esby oy ¥ i pectaral glrdte
el e . y v ‘ URYT)
venteal fin ¥ o ikl ik

el ]
pelve Fin

peivic glrdte

T sl U‘,
olfactory lobe
Ollakast] Ol

corpora striata

2l :j AU
Sl f""“ J % ‘

pituitary body ™~

=y A SN “ |
" =3 A . ’ .
c : /Rl T el o R . el (‘J'-l
Infundibulum gé. F @ CE optic lobe ]

n pineal body
:JA—lu:: % W o
Inferior lo \'} thalamencephalon
L;\"J‘ .r:gl e Vit . L
saccus vasculosus N Jeladl gl C,Ab
i VI medulla oblongata cerebellum
o vin Vil e
2 X X _ facial lobe
23 X X ' o
y X1 A As 7
'& x" Bﬁin x" V“‘! Iob‘

(Dorsal view ¥ )
) . 33 i)
G s Al otic capsule
cyclold scales £

Sl o= 45

anterior cardinal vein
qil? S :r.‘

lateral dorsal aorta
Iyt dayel o Sl

2 rows of gill-filaments

S i

Lot up
membranous

glll-arch . < o i
. - ¢i : T X A 30 fabyrinth
a1 DL 5 Olio ¥ 2PN iy S ol

2 rows of gill-rakers > = >y IV X pharynx
e i 0l 2 (3¢ A8 ‘ sl e
efferent branchlal artery ventral aorta

S osyte 042 Lyhs 3
afferent branchial artery branchial chamber

JE pshs e AL stk o2
A holobranch operculum branchiostegal membrane

'lfl!u:ll‘}.-ls’u‘.: ool Baa e L .

.S. of pharyngeal region of a telcost
G L a1 I - e S
FIG. 46 - TILAPIA NILOTICA



* Prepare a film of blood from
the Bolti. Stain it and compare
the erythrocytes with those of the
toad and those of man.

— Make a drawing of the
heart and aortic arches, and
as much as you can of the
circulatory system.

g) The Urinogenital
System

* Remove away the air-bladder
to expose the kidneys.

— Examine the urinary
system and note that it
consists of two elongate,
very thin kidneys which lie
very close to the vertebral
column. Also note-that the
two kidneys are mostly fused
along their entire length
and appear to form a
continuous mass. Posteriorly
there comes out from each
kidney a very short but
marked mesonephric

duct. The two ducts unite

shortly after leaving the
kidneys -to-form a com-~
mon mesonephric duct
which opens to the outside
on the summit of a urino-
genital papilla. Nearly mid-
way, the common duct
dilates giving rise to a
small urinary bladder.

— Examine the gonads
and note that they are
either two testes in case of
the male, or two ovaries
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in the female. In both
cases they are elongate
bodies which lie in the body

cavity and are connected to
the anterior body wall each
by a thin strand. The
ovaries are usually of a
larger size and are more
rounded in cross section.
Their outer walls are coarsely
granulated especially in the
breeding season; this is
because of the presence of
very numerous ova in them.
The gonad is hollow post-
eriorly and its cavity is a
gonoduct, vas deferens
in the male or oviduct in
the female. The two gono-
ducts unite together and
open on a urinogenital
papilla, either separately
in the female, or in
common with the urinary
aperture in the male,

~— Make labelled drawings
of the urinogenital systems of
the two sexes.,

~— In what respects does
the urinogenital system of
Tilapia differ from that of
Scyliorhinus ? Where is ferti-
lisztion effected ?

h) The Brain.

* Cut through the body wall on
both sides of the head just above
the upper edges of the two oper-
cula. Proceed forwards as far as
the eyes. With the help of the
forceps snip off the tissues from
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this region so as to clear the
bones of the.cranium.

* Cut through the side walls of
the cranium and remove away its
roof so as to expose the brain.

Examine the  dorsal
surface of the brain and
identify : the olfactory
lobes, much smaller than
those of the dogfish; pal-
Hum, through which you
can see the corpora striata;

optic lobes and cerebel-:

lum, much larger than
those of the dogfish;
facial lobes; medulla

oblongata; wvagal lobes.

* Cut through the roots of the
cranial nerves and the medalid
oblongata and carefilly turn the
brain so as to take it out of its
box, then lay it on its dorsal side
in the dissecting dish.

Examine the ventral sut-
face of the brain and note ¢

Corpora striata; optic
lobes; optic tracts; in-
ferior lobes; infundibu-
lum; pituitary body;
saccus vasculosus; me-
dulla oblongata.

“— Draw the brain from
both sides, dorsal and ventral.
Label the parts.

i) The Skeleton.

The skeleton is built up
on the same plan like that
of the toad and the dogfish.
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Examine a mounted
skeleton, and prepared in-
dividual . bones.

— In the skull, note the
great number of bones in
its wall, many of which
easily fall down on pre-
paring the skull. Many of
these bones are covering,
investing or membrane
bones; others are re-
placing or cartilage
bones. Attached to the
hyoid arch is the oper-
culum on each side of the
skull. It is supported by a
number of bones.

— In the wvertebral
column, note the trunk
and, caundal vertebrae.
Theijr centra are amphicoe-
lous. Remains of the
notochod are still present
which in the fresh condition
form a pulpous mass bet-
. ween each two adjacent
vertebrae, Each mneural
arch carries, as in the toad,
two pairs of zygapophyses
for articylation with the
adjacent neural arches.Each
caudal vertebra carries a
haemal arch. The trunk
vertebrae carry conspicuous
thin, but very long, ribs.

~— Make drawings of the

skull and of a trunk and a caudal
vertebra from various aspecis.
Label the parts.

<— 259

Ullee dmy 1570 W ol
. 83,0

¢ gl B3l elladl s
b Lo Ay L 1S Jady
oL tial s oo 5T . Ausnad
Wing ¢ L2 ol dals” pllie
o o Ay pid ol Lbgre e
il slad Lol sty
G gedazeadl (Gl o0 IS e
el o s ol La

B il gl & g
S Obefulll @y gl

© W 3 ¢ Ondl Baie Yl

A O S Bapmye gl J-1
JSon A AS Bl AW
A JS Jasdy L ) slaie O3
Oy ¢ dedaall U ¢ dewap
¢ Jaied Ll Sl
oy - g Luadl Yl
glup:w 1:.\:.1“ C)\Jil'ﬂ o Jf
bo g ) ob Jori by
LAl S dndy Busly

Tasvarndl YIS oo
S gkl o By ¢ Ol
Yo sctagl s o ol o
el ol Jo

Yod



j) T.S. of Pharyngeal
Region.

Examine a T.S. of the
pharyngeal region of a
teleost fish and note :

— The brain lies inside
brain-case (cranium).

— The auditory capsu-
les, each contains a

membranous labyrinth,
that is, the inner ear.

— The musculature.

— The pharynx has
gills on both sides, hanging
into the two branchial
chambers. Verify the
structure of the gill which
you have already dissected.
Look out for the segments
of a gill-arch.

— The operculum, sup-
ported by opercular bones,
and the branchiostegal
membrane, supported by
branchiostegal rays,
cover the gill-chamber
on each side.

— The blood vessels,
most noteworthy are the
two lateral dorsal aortae,
inferior jugular veins
and anterior cardinal
veins, in the roof of the
pharynx,and ventral aorta
in its floor.

— Draw.

— Show how are fishes
adapted to the life in water.

—Point out the main
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anatomical differences bet-
ween the dogfish and the
Bolti.

C. Class REPTILIA

Reptiles are the first
group of terrestrial verte-
brates that are well adapted
to the life on dry land; they
do not need to breed in
water. Their skin is dry or
. contains very scarce glands,
quite distinct from the
skins of Amphibia and
' Mammalia. They are also
amniotes, that is, form an
amnion and other foetal
membranes at an early
stage of embryonic deve-
lopment,and the kidney is
a metanephros,

The importance of
reptiles lies in the fact that
they have originated from
the early Amphibia, and
themselves have given rise
at an early evolutionary
satge to birds on one hand,
and to mammals on the
other hand, through two
different offshoots.

Reptiles were ouce the
dominant animals of the
world, but most of them
have become extinct; the
existing reptiles form but a
small proportion of reptiles
of the past. Those that are
still alive belong to only
four out of the 17 orders of
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all reptiles extinct and alive.
Out of the four orders are
the Squamata,which are
the most successful of them
all They include the lizards
(suborder Lacertilia) and
snakes (suborder Ophidia).
They are well represented
in the tropical and tem-
perate regions, and are
characterised by having the
body covered completely by
horny scales.

The Lizard
Chalcides ocellatus

Lizards are very common
in the U.A.R. where they
frequent deserts, fields,
gardens and even in the
dwellings in small villages.
Most lizards are insecti-
VOrous.

There are several species
of lizards, of which Mabuia
quinquetaeniata is the com-
monest in the cultivated
areas; Chalcides ocellatus is
not less common, but in
the desert , and is chosen
here on account of its

convenient size, but any

lizard will serve the study
given here. -

a) External Features.

Examine the specimen
provided and note the
following :
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~— The body is divided
into head, short mneck,
trunk and long tail, all
covered with horny epider-
mal scales. In the head
note : the terminal mouth,
two small  mostrils,
and two eyes each guard-
ed by three eyelids, an
upper, a lower and a
nictitating membrane.
The latter is hidden and is
inserted on the anterior
angle of the eye in such a
way that it can move on
the front of the eyeball
from in front backwards.
Posterior to each eye there
is a shallow pit, the
anic pit, at the
bottom of which lies the
tympanic - membrane.
The tympanic pit is the
precursor of the external
ear. This is completely
‘absent from the Amphibia.

— Two pairs of penta-
dactyle limbs, each with
5 digits which terminate in
sharp horny claws. Note

the attachment of the limbs

on the sides of the body.
They can hardly lift the
body off the ground; reptiles
crawl. -

~— The trunk is differ- .

entiated into an anterior
small thorax and a large
posterior abdomen. The
cloacal aperture lies bet-
ween the two hind-limbs. It
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is in the form of'a transverse
slit.

—The tail is long and is
in the Iliving condition
readily separated from the
body when the lizard is
siezed by the sudden con-
traction of the tail muscles;
any force then breaks one
of the vertebrae which have
a weak point across the
middle of the centrum. The
animal escapes, leaving its
tail behind, which remains
writhling for some time
puzzling the attacker. A
new tail is regenerated.

b) The Digestive System.
* Lay the lizard on its back in
the dissecting dish and pin it
down in its four limbs as you did
with the toad. Cover with water.

* Make a Ilongitudinal cut
through the ventral body wall
from the cloacal aperture as far
as the tip of the snout, cutting
as you proceed the sternum and
the pectoral girdle. Make four

cuts, two a little posterior to the

fore-limbs and the other two
opposite the hind-limbs. Turn

the two flaps of the body wall and

fix them down by pins fo the
dissecting dish.

* Try to cut through the mem-
. branes which fasten the organs
together, taking care not to
injure any of ‘the organs or any
large blood vessel.
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Examine the digestive
system and note :

— The mouth is guard-
ed by two jaws, each
carrying one row of small
but strong teeth. In the
buccal cavity there is a
tongue. Try to pull it
forward to see that it is
anteriorly forked.

~—The pharynx is short,
~— The oesophagus is a
long tube because of the
presence of a neck region.

— The Stomach, is a
large sac lying on the left
side of the body cavity.

-— The intestine is dif-
ferentiated intp duodenum,
ileum and rectum. The
duodenum forms with the
stomach a U-shaped loop.
The ileum is coiled on itself
but not particularly long
(compare with Bufo, Scylio-
thinus and Tilapia). The
rectum is much wider than
the ileum, and at their
junction there is a short
rectal caecum, about
10 mm in length.

— The liver is large,
dark red in colour and
consists of two lobes. The
gall-bladder is a spherical
greenish sac. The bile duct
opens into the duodenum.

— The pancreas is
creamishincolour, lies bet-
ween the two limbs of the
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U-shaped loop formed by
the stomach and duodenum;
the pancreatic duct opens
into the latter.

— The spleen, not a
digestive organ, is small,
dark red and lies close to
the stomach.

~— Make a labelled drawiﬁg
of the digestive system.

¢) The Respiratory
System,

Consists of :

~— The Iarymx opéns
mto the pharynx by the
glottis. '

~ The trachea is long
and supported by incom.
plete cartilaginous. rings. It
divides on entering the body

cavity giving off two

bronchi to the lungs.
—The lungs are pinkish-
red, spongy and usually

floaton water in the dis- -

secting dish,
— Draw.

d) The Gireuhtory
System.
Note :

— The heart consists of
two auricles,right and left,

and a thick-walled posterior

ventricle. Thereis a small
sinus venosus which lies
dorsally and'opens into the
right auricl?. L
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— The venae cavae, a
right anterior, a left
anterior and a posterior
vena cava. They all open
into the sinus venosus.

— The pulmonary
veins are two which open
into the left auricle.

— The left systemic
(aortic) and right syste-
mic (aortic) arches, the
first leads f{rom the mid-
dle of the ventricle, while
the second from the left
side of this chamber. The
two arches curve backwards
as in the toad to unite
giving rise to the dorsal
aorta.

—The pulmonary arch
comes out from the right
side of the ventricle and
then divides into two
pulmonaxry =arteries to
the two lungs.

* Cut through the pericardium
and dissect as much as you can
of the blood vessels.

* Open the ventricle to sce that
it is partially divided by an
incomplete septum,

* Prepare a film of blood as you
did with the Bolti. How do the
erythrocytes look like ?

~— Make a labelled drawing
of the heart and the chief blood
vessels connected with it.

e¢) The Urinogenital
System.
* Press on the ventral wall of
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the tail just behind the cloacal
aperture, Had your specimen been
a male, then two eversible copul~
atory organs would bulge out.

» Cut through the tail from the
cloacal apertute backward and
carefully remove away the skin
and muscles of the ventral part
of the tail, so as to expose parts
of the kidneys which extend into
the tail region.

— The kidneys are two
dark red organs, very post-
erior in position and extend
into the tail region posterior
to the cloaca. A single
ureter extends from each
kidney to open into the
cloaca.

— The urinary bladder
is a small ventral sac which
is absent from some species.

— The male organs are
two testes lying in the
middle of the body cavity,
far away from the kidneys
(compare with the toad).
From each testis arises a
number of vasa efferentia
which form an epididymis.
This is small and gives off a
vas deferens which opens
into the cloaca. The copula-
tory organs have been refer-
red to above.

— The female organs
are two ovaries, larger
than the testes and carry
ova of various sizes, some-
times very big. Opposite
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each ovary, an oviduct
opens into the coelom and
extends backwards as a
folded tube to open into
the cloaca. The two oviducts
open separately,

— Make labelled drawings

of the male and female urino-
genital systems.

f) The Nervous System.
This is built up on the
same plan described in the
other vertebrates which yeu
have already studied. How-
ever, the¢ cranial nerves have
increased by two pairs, the
spinal accessory and the
hypoglossal mnerves,

g) The Skeleton.

The skeleton is built up
on the same plan like that
of the toad. However, a few
points are worthy of consi-
deration. Examine a moun-
ted skeleton and note :

— In the skull, the bones

- are greater in number than
those of the toad, but much
less than in Tilapia.. On
each side of the skull there
are two temporal fossae,
the lower of which is in-
complete ventrally. Thus

lizards belong to the
Diapsida.
— The vertebral
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cervical, thoracic, lum-
bar, sacral and caundal
vertebrae, The first two
cervical vertebrae, the atlas
and axis, are modified to
help in the rotation of the
head on the neck. The
thoracic vertebrae carry

well developed ribs, some

of which articulate with the
sternum, which unlike that
of Bufo, is a true sternum.

— Point out the main
anatomical differences bet-
ween the lizard and toad.

D. Class AVES

Birds are the masters of
the air. They evolved from
some diapsidan stock and
have kept since then many
reptilian features, that some-

times they are described as

“glorified reptiles’’, They
are the only animals that
possess feathers which, like
the horny scales of reptiles,
are keratinised epidermal
products. Some of the horny
scales are still present
covering their feet. The
fore-limbs are modified into
wings. The ancient birds
(subclass Archaeornithes)
had teeth on their jaws and
a long tail supported by
numerous vertebrae, while
the recent birds (subclass
Neornithes) have, except a
few extinct forms, lost the
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teeth entirely, and have a
short tail, a well developed
sternum and reduced hand.
They have an extra ordinary
respiratory system which
plays an importent role in
keeping the body tempera-
ture constant. They also
haveasingle systemicaorta,
the right one, and very
efficient eyes. In the female
there is a single ovary and
a single oviduct, those of
the left sidé. They are di-
vided into 19 orders of
which the order Columbi-
formes comprises the well
known pigeons.

The Domestic Pigeon

Columba livia domestica

All domestic breeds of
pigeons have descended by
breeders through artificial
selection from the wild Rock
Pigeon or Rock Dove,
Columba livia. Pigeons are
granivorous, feed on seeds,
and are of powerful flight.

* Pigeons should be killed with
chleoroform; this also kills the lice
which infest them.

a) External Features.

Feathers cover almost
the whole body except the
beak and feet. Examine the
specimen provided and note:

— In the head, note
the strong, horny, straight,

< 2792

¢ s 3 Uy LS Okl
Yz yy ¢ S o el
@l bl il - oo
T Baim d Gl T3 caliy
Tl b ol 5« b el Bl
iy cof Y g ¢ Tl Gl
Loy SY Gy . Al LS G5
WP ¢ Budoly o U8 doly s
i3 \4 & Cmaaly . Ol
do Joati (Jobaled 3
Syl gl
FARTEANE
Stmaas La U™

c\a:l-\ <YM o £
abid U™ » ol plodd o LA
daly L Q7 Gk oo
ST eldly . el RIER
¢ wd-l sl & @l ¢ Dy
L Olpldll (g 6T S
a5 ¢ ool pl IS Ay e
. amas W o il e 1 09

. &gyl&’-! oldall — 1
s’ (\*J‘:\ ‘_51""3. ui'*.'.)‘ -’&i

D Onds el Al Ll
Sl « yalle iiid —

YVY



pointed bill or heak, at
the base of which is a naked
swollen portion of sensitive
skin forming the cere. The
two small mnostrils are
obliquely situated in the
cere. Each eye. like in the
lizard, is surrounded by
three eyelids, an upper, a
lower and a mictitating
membrane. Try to pull
this membrane with the
forceps to see its attach-
ment to the anterior corner
of the eye, and how it can
be drawn over the front of
the eyeball. Locate the
position of an extermal
auditory aperture poster-
ior to each eye, as a circular
shallow depression, but
deeper than the tympanic
pit of the lizard, and is
encircled by short back-
wardly directed feathers,
the auriculars.

— The mneck is long,
flexible and can be bent
to form an S-shape.

~— The trunk is divided
into a large thorax and a
small abdomen. The
thorax is strengthened
ventrally by a large ster-
num from which projects
mid-ventrally a keel or
carina, which can be felt
as a prominent ridge.

~— The tail is short; a
transverse cloacal aper-
ture is located ventrally at
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its junction with the abdo-
men. On the dorsal surface
of the tail there is an oil
or waropygial gland.
Squeeze this gland gently
with your fingers and note
the oil coming out from it.
Its secretion is used by the
bird to preen its feathers.

-~ The fore-limbs are
modified into wings. Feel
the regions of one of them
and note its division into
an apper arm, fore-arm
and hand. Note also the
presence of two alary
membranes, one of them
is the prepatagium which
extends between the upper
arm and fore-arm, and the
second is the postpata-
gium which is smaller and
extends between the upper
arm and trunk.

~— The hind-limbs sup-
port the body for bipedal
locomotion; the body is
born obliquely on them.
Note that the two feet are
not covered by feathers but
by horny scales,and the
digits end each in a horny
claw.

— The feathers are of
three principal kinds :

1. Contour feathers,
which appear on the sur-
face of the body and give
itits contour. The strongest
contours are the quill-
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feathers, of which those
attached to :

(1) the wings, are called
remiges (sing, remex), and
to(ii) the tail, are called the
rectrices (sing. rectrix).

The remiges are attached
to the bones of the hand
(primaries) and to the
ulna (secondaries or
cubitals). A small tuft of
feathers is attached to the
first preaxial digit of the
wmg, and called the ala
spuria or bastard wing.

Take out a quill-feather
and note : axis or stem,
divided into a naked basal
quill or calamus, and
rachis or shaft surround-
ed by the vexillum or
vane, This latter consists
of barbs arranged obliquely
on the two sides of the
rachis. A small aperture,
through which pass nerves
and blood vessels from the
skin, lies at the base of the

quill and is called the
mfenor umbilicus. At
the junction of the quill
with the shaft, there is the
supurior umbilicus.

Examine the vane with a
hand-lens and note that
each barb carries two rows
of barbules arranged on
both sides. Barbules of adja-
cent barbs are fastened to-
gether by hooks. The
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latter are better seen under
the microscope. A small
tuft of barbs carrying bar-
bules without hooks springs

off from the superior
umbillicus forming the
aftershaft or hyporachis.

2. Filoplumes or hair-
feathers are "very thin,
hair-like degenerate feathers
which lie at the bases of the
contour feathers, especially
the quill-feathers. Take out
one of the filoplumes and
examine under the micros-
cope to see that it consists
of a long axis carrying few
barbs and barbules without
hooks.

3. Down feathers are
not typically represented in
the pigeon. They are
situated below the contour
feathers. They have no
hooks on the barbules and
thus appear fluffy.

— Make drawings of the

various kinds of feathers, and
of part of a vane of a quill-
JSeather under the microscope.
* Pluck the pigeon thoroughly
and note that the contour feathers
are attached to certain definite
areas of the body. These are the
pterylae or feather tracts, separ-
ated from one another by feather-
less spaces or apteria, on
which only filoplumes grow.

b) The Pectoral Muscles.
* Lay the pigeon on its back on
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the dissecting board. Cut through
the skin from the cloacal aper-
ture forwards as far as the lower
beak. Cut through the skin from
this longitudinal incision along
the wings, and remove the skin

away from the ventral surface
of the thorax.

In this way, you have
exposed the pectoralis
major muscle. Examine
it to study its origin and
insertion. Note its immense
size. It originates from the
whole of the keel of the
sternum, from the posterior
part of this sternum and
from the clavicle. Note that
its fibres converge to a
broad flat tendon to be
inserted into the deltoid
ridge of the humerus. This
muscle is the chief muscle
which lowers the wing
during flight.

* Cut through the origin of the
pectoralis major along the keel,
posterior edge of the sternumand
clavicle, and free it from theover-
lying muscles. Hold the bird in
your hands and try to pull the
muscle to see how it lowers the
wing (down stroke).

Another, but smaller,
muscle overlies the pec-
toralis major. This is the
pectoralis minor muscle.
Examine its origin and
insertion. It originates from
the dorsal part of the keel of
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the sternum and the inner
part of the ventral surface of
the sternum. Its fibres
collect into a tendon which
passes through the fora-
men triossemm, formed
by the clavicle, scapula and
coracoid, to be inserted on
the dorsal surface of the
humerus. Free the muscle
from the bones as you did
with the pectoralis major.
Pull it and note that it rai-
ses the wing (upstroke).
The four pectoralis mus-
cles form the ‘‘breast’” of
the pigeon and constitute
about one fifth the total
weight of the body.

c) Opening the
Cavity.

* Cut longitudinally through the
abdominal wall, from the cloacal
aperture as far as the sternum,
and then transversely just post-
erior to the edge of the sternum,
and pin down the flaps of that
wall on both sides.

* With the help of strong
scissors, cut through the sides of
the sternum along its attach-
ments to the ribs, and to avoid
injuring the internal organs, you
should lift up the sternum with
your left hand.

* Disarticulate the coracoids
from the sternum; be very care-
ful so as to avoid injuring the
large blood vessels in this region.

Body
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Cut the furcula at the two cla-
vicles. Thus you have separated
the sternum, which can be thrown
aside.

— Make drawings of the
viscera in Situ.

d) The Respiratory
System.

This system should be
studied before the other
systems of the body be-
cause the air-sacs connected
with it are liable to des-
truction on dissecting other
organs.

* Pin down the skin of the neck
and note :

— The upper larynx,
which opens by the glottis
into the pharynx.

— The trachea, that lies
ventral to the oesophagus
and is supported by partial-
ly ossified rings. In the
thorax, it divides into two
bronchi, to the two lungs.

* Open the trachea and insert
a blowpipe in it, then infate.
Tie a ligature and note :

— The air-sacs, which
are membranous extensions
of the two bronchi. Nine
air-sacs are found :

i) The cervical air-sacs,
two in numberandlie at the
base of the neck.

ii) The interclavicular
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air-sac, single and lies bet-
ween the two clavicles. It
gives off two lateral off-
shoots called the axillary
air-sacs which communi-
cate with the cavities of
the two humeri.

iii) The anterior thora-
cic air-sacs, are two in
number, and cover the
ventral surfaces of the
anterior parts of the lungs.

iv) The posterior thora-
cic air-sacs, are also two
in number, and lie posterior
to the former.

v) The adbominal air-
sacs are the largest of the
air-sacs, two in number and
lie dorsal to the intestine.

Defer examining the lungs
and syrinx to a later step
(p. 291).

Note that the air-sacs of
each side are separated from
the viscera by the oblique
septum, which is a fibrous
membrane attached to the
pericardium and extending
backwards.

e) The Digestive System.

* Open the mouth slightly and
cut through its angles parallel to
the jaws for about 15 mm on
each side. Turn down the floor
of the mouth so as to fully expose
the buccal cavity.

Examine the buccoph-
aryngeal cavity and note:
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— The horny beak en-
sheathes the front parts of
the upper and lower jaws,

~— The internal nares,
are two narrow slits lying
close together in the roof.
The anterior two thirds of
their length are hidden by
a pair of prominent folds
of the mucous membrane of
the palate .

— The aperture of the
Eustachian tubes is a
single median opening
which lies just behind the
internal nares,

—The tongue is sharply
pointed and has a triangular
shape.

— The glottis lies just
posterior to the tongue.

— The oesophagus is
large, wide, and very long.
It extends in the neck dorsal
to the trachea, dilating
near the middle forming a
large bilobed sac ,the crop.
This is used in storing the
food which is moistened in
it before it is pushed to the
stomach. The walls of the
crop secrete a white secre-
tion, called the pigeon’s
milk, for feeding the nest-
lings, Note the presence
of the two thymus glands,
one on each side of the
oeseophagus. They are
elongated and more deve-
loped in the young than in
the adult bird.
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Note that the oesophagus
extends in the thoracic
cavity dorsal to the heart
to open into the stomach.
Two folds of peritoneal
membranes should be noted
now :

i) The falciform liga-
ment, which is a median
ventral sheet connecting

the sternum with the viscera.

Parts of it have been torn
on removing away the
sternum, and

ii) The great omentum,
which is continuous with
the falciform ligament and
covers the viscera behind
the liver. It is loaded with
fat,

* Unravel the intestine by
cutting through the mesentery
clese te it, but leave the duo-
denum intact. Note:

—The stomach consists
of a smaller digestive
proventriculus and a
larger mechanical stoma-
ch or gizzard. The former
lies dorsal to the left lobe
of the liver, and its walls
are soft and contain
numerous glands which
secrete the gastric juice.
The gizzard is powerfully
muscular. It is bluish-red
in colour, and in the centre
of each of its lateral surfaces
there is a bluish tendon,
from which the fibres of the

*

gizzard muscles radiate. Its
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function is to triturate the
food, while the gastric juice
is poured on it. The proven-
triculus opens into the giz-
zard at its dorsal border to
the left side; the duodenum
leaves it a little to the right
of the same spot.

* Slit open the gizzard along its
Note the
great thickness of its muscular

ventral edge.

walls, and the thick “‘cuticular

lining of its cavity in which

small stones. are usually present.

These have been picked up by the
living bird to help in the process
of triturating the hard seeds.

— The intestine is
differentiated into the
duodenum, ileum and
rectum. The duodenum
is U-shaped and encloses
- the pancreas. The ileum
is much coiled. The rectam
is wider than the ileum,
and at its junction with the
ileum, there are two short
rectal caeca. They are
well developed in some birds
such as the fowl, in which
each caecum measures
about 5 cm in length.

— The Liver consists of
two lobes, the right is larger
than the left. The gall-bladder
is absent from the pigeon, but
not in all birds. The bile
reaches the duodenum
through two bile ducts,
one opening into the proxi-
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mal, and the other into the
distal limb of the duodenum.

— The pancreas is
creamish-white in colour,
consists of 3 lobes, and is
embraced by the two limbs
of the duodenum, into the
distal limb of which open 3
pmcreatic ducts.

— The spleen, not a
digestive organ, is a small
red body attached to the
right side of the proven-
triculus.

— Make detailed drawings
of the digestive system.

* Cut through the intestine at
both ends, measure it and find
its relative length.

f) The Circulatory
System.

* Remove away the fat and con-
nective tissue from the chief
vessels at the base of the heart.

1. The heart.

The heart is 4-chambered
consisting of two auricles
and two ventricles. Exa-
mine the heart from the
exterior and note its
comparatively large size
(characteristic feature), its
conical shape with the apex
directed backwards and
slightly to the left side,
and the presence of a girdle
of fat which marks external-
ly the two auricles from the

- <— 285

S A iy e SV el
Y ghdl
ALl gpg ¢ ol Sl —
wepad BX o0 STy O
il 2o (W el audiondy
SlE W _adl aslhd ¢

Al Sy
[ o e Jlll

oo ol et o )y ¢ Lo

oaudd 3nall £ WS Juaze
el M"J&&Tr.)\. ..

P

TR PN S L

. g Ul

ol g —

Les iyl Ll illy ol il
. Uj[.‘fwl sl Lo D yadll

Al Y
3 ¢ e it 5 A
aardl . pdayy wudlop S
S0 g i Y
Gy A A ¢ (B die)
dls Gt aul) et Sy
ond STy ¢ S ¥ IS
s a3 pdl e gl 393
Sl (ns . C_,Ull‘y Cnndadl e

YAe



two ventricles, Note the
difference in  colour
between the auricles and
veniricles; the ventricles
are lighter in colour be-
cause of the greater thick-
ness of their walls. Also
note that the left ventircle
is larger and more muscular
than the right one. Don’t
open the heart now, leave
this to a later step (p. 290).

2. The Venous System.
— The venae cavae are
three big veins opening into

the right auricle, rvight and

left anterior venae cavae
and a posterior vena cava.

Each of the anterior venae
cavae is formed of 3 chief
veins: a jugnlar vein, from
the head and neck and
running along the side of
the neck, a brachial vein
from the wing, and a
pectoral vein from the
pectoral muscles,

Follow the jugular veins
from .the top of the neck
and note that they are con-
nected together by an
anastomotic vein.

Follow the posterior vena
cava from the kidneys and
note that it is formed by
two iliac veins, As it is
formed, it runs forwards,
pierces the right lobe of the
liver, receives two hepatic

veins from the liver and
then opens into the right
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auricle,

— Veins of the pelvis :
a short caudal vein from
the tail, divides into three
veins, two afferent renal
veins (renal portal veins)
to the two kidneys, and a
large coccygeomesenteric
vein which runs in the
mesenteries that support the
intestine. This receives a
posterior  mesenteric
vein from the rectum, and
finally joins the hepatic
portal vein. Each afferent
renal vein enters the
kidney and joins another
vein, the efferemt renal
vein.The afferent renal vein
receives the femoral vein
and the sciatic vein from
the hind-limb, and together

form the comxmon iliac vein.

— The hepatic portal
system. Blood from the
alimentary canal, pancreas
and spleen enters the liver
through the hepatic portal
vein.

— The pulmonary
veins open into the left
auricle, returning blood
from the lungs. They are 4
short veins,

Note that the great omen-
tum is drained by an
epigastric vein which dis-
charges into the hepatic
vein.

— Make a drawing of the
heart and the venous system.
Label the parts.
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3. The Arterial System.

— The pulmonary arch
from the right ventricle,
divides into two pul-
monary arteries to the
lungs.

— The aortic or sys-
temic arch is single and
turns to the right (charac-
teristic feature). It comes
out from the left ventricle,
and gives off two
brachiocephalic arteries,
right and left. Each of
these gives off a carotid
artery and a subclavian
artery. The carotid artery
goes to the head where
it divides into an external
carotid to the tongue and
jaw muscles, and an in-
ternal carotid which
enters the cranial cavity
to the brain. The subclavian
artery gives off a brachial
to the wing and a pectoral
to the pectoral muscles.

The aortic arch curves
over to the right side,
crosses the right pulmonary
artery and assumes a mid-
dorsal course forming the
dorsal aorta, which gives
off the following arteries :
a coeliac artery, to the
stomach and part of the
intestine; an anterior
mesenteric artery, to the
greater part of the intestine;
two  anterior renal
arteries, to the anterior
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lobes of the kidneys; two
sciatic arteries, to the

legs (from each sciatic artery
two. pasterior renal

arteries are given off to
the middle and posterior
lobes of the kidney); a
posterior  mesenteric
artery, to the rectum and
cloaca; two internal iliac
-arteries, to the pelvis; and
finally.the dorsal aorta ends
in the tail as a caudzl
artery. .

— Make a labelled drawing
of the arterial system.

* Cut off the main blood vessels
connected to the heart, take the
heart out and pin it in the dis-
secting dish, cover with water,
dissect it and examine its four
chambers.

Note that the left auri-
culo-ventricular opening is
guarded by a bicuspid
valve, connected Dby
chordae tendineae to the
wall of the left ventricle.
The right auriculo-ventri-
cular opening is guarded
by a valve in the form of
a large muscular fold
(characteristic feature).

~ Make a drawing of the
dissected heart.
* Prepare a blood film of the
pigeon. Compare the erythrocytes

with those of the other vertebrates
you have studied.
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* Remove away the alimentary
canal and examine the syrinx
and lungs.

* Open the lower part of the
trachea just anterior to its bifur-
cation to form the two bronchi.
This part is the lower larynx or

syrinx. Open the syrinx.

Note in the syrinx the
presence of a delicate
vertical fold, the semi-
lunar membrane. This is
strengthened by the pes-
sulas which is cartilaginous.
The syrinx is the organ of
voice in birds (characteristic
feature).

* Pass a probe along a bronchus
and slit it open with the scissors.
Follow the branches of the bron-
chus through the lung.

Note the openings of the
various air-sacs in the
sequence mentioned before
(see p. 280).

* Remove the pleura from one

lung and try to take the lung
out.

Note that the lung is
closely attached to the
thoracic wall. Thus the
lungs of birds are but very
slightly distended during
inspiration (characteristic
feature); what distend .are
the air-sacs.

— Make a labelled drawing
of the respiratory system.
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g) The Urinogenital
System.

1. The remal system.
This consists of two kidneys

and two ureters. There is
no urinary bladder (charac-
teristic feature). The kidney
is a tripartite organ, lodged
in the fossae of the synsac-
rum. The wareter leaves
the anterior lobe and runs
backwards along the ventral
surface of the other two
lobes, straight to open on
to the dorsal wall of the
cloaca.

Two adrenal glands are
present as a pair of small
yellowish bodies, attached
to the ventral surface of the
anterior ends of the kidneys.
They are ductless glands, of
no renal function.

2. The male genital
system. This consists of two
testes and two vasa defe-
rentia. Each testis is an
oval body, cream white in
colour, and attached by
mesentery to the inner
border of the anterior lobe
of the corresponding kidney.
From its inner border, a vas
deferens emerges to run
backwards, lateral to the
ureter, as a sinuous tube, to
open into the cloaca. Just
before its opening, it dilates
forming a small vesicula
seminalis. There are no
copulatory organs in the
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pigeon, copulation being
effected by contact of the
cloaca of the male with that
of the female.

3. The female genital
system. This consists of
one ovary and one oviduct.
The ovary is the left one;
the right one with its duct
have disappeared. Some-
times, however, vestiges of
these two structures are
present. The ovary has the
same relation to the left
kidney as that of the left
testis in the male., However,
the ovary is larger and
contains numerous ova of
various sizes. The left ovi-
duct is a wide convoluted
tube which opens into the
body cavity by a funnel-
shaped internal opening,
and into the cloaca by an
aperture which lies lateral
to that of the left ureter.

Note the presence, in the
two sexes, of a blind sac
which opens on the dorsal
side of the cloaca. This is
the bursa Fabricii, and
is better developed in the
nestling, becoming vestigial
in the adult.

Slit open the cloaca and
note its division into an
anterior coprodaeum for
the reception of the rectum,
a middl¢ arodaeum into
which the urinogenital ducts
open,and a posterior proc-
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todaeum into which the
bursa Fabricii opens.

— Make labelled drawings
of the urinogenital system of tke
two sexes.

h) The Brain.

* Remove av;'ay the skin from
the dorsal surface of the head.

¥ Scrape clean the bones of the
roof of the skull.

* Cut through the sides of the
skull and transversely just behind
the upper beak. Cut also the two

neural arches of the atlas and
axis vertebrae. Remove away the

cranial roof. In this way you have
exposed the dorsal surface of the
brain. Note :

Two cerebral hemi-
spheres, very large and
attached to them are two
very small olfactory Iobes;
thalamencephalon, to the
roof of which the pineal
* body is attached; two large
optic lobes; large cerebel-
lum; medulla oblongata.

— Make a drawing of a
a dorsal view of the brain.

* Turn out the brain carefully,

cutting across the nerve roots.

one by one. Examine the ventral
surface of the brain and note :

Two cerebral hemi-
spheres; olfactory lobes;
infundibulum and optic
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chiasma; optic lobes;
medulla oblongata.
— Draw.

* Dislodge an eye from its orbit;
divide it by an equatorial incision
into two halves. Note the pre-
sence of the pecten which pro-
jects into the cavity of the eye,
Also note the lens and a ring of
small flat bones — the sclerotic
plates — overlapping each other

and lying at the outer edge of
the cornea ... Draw.

i) The Skeleton.

Examine mounted skele-
tons of birds and
individual bones of the
pigeon and note the fol-
lowing avian characteristic
features : the great light-
ness of the bones, most of
which contain air-cavities;
the fusion of primarily
distinct bones with each
other (particularly in the
skull, vertebral column,
bhands and feet); and the
modifications in the limbs
and their girdles fitting birds
for flight and bipedal loco-
motion.

Follow the same method
of study which you have
followed with the skeleton
of the toad and other
vertebrates :

1. The skull..
Note in the skull its
rounded cranium, large
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orbits separated from each
other by an interorbital
septum, and the long
pointed edentulous beak,
largely formed of the pre-
maxillae above and the
dentaries below. Also note
the disappearance of most
of the sutures that mark
adjacent bones one from the
other; such sutures are
present in young birds. The
two temporal fossae are
confluent with each other
and with the orbit; birds
are diapsid. The quadrate
is a large bone and articula-
tes with the articular bone
of the lower jaw; during
life the quadrate is movable,
a streptostylic skull.

2. The Vertebral column

Note the differentiation of
the vertebral column into
cervical, thoracic, lum-
bar, sacral and caudal
regions. The cervical region
is of great length and has
an S-shaped curvature, thus
enabling the bird to move
its head at a large angle.
Some of the thoracic verte-
brae are fused together,
and the lumbar vertebrae
are fused with the last
thoracic and the sacral
vertebrae as well as with
the pelvic girdle to form a
complex rigid synsacrum.
The posterior caudal verte-
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—

brae have fused into a
pygostyle.

—The cervical vertebrae
are 14 in number, the first
two of which are modified
into the atlas and axis
vertebrae.

Note the elements of the no-
rmal cervical vertebra:a cen=

~trum, a nearal arch with

a neural spine, pre- and
postzygapophyses, and
transverse processes.
Note that most vertebrae
are eclongated and light
in weight. The centrum is
heterocoelous, that is, its
anterior surface is convex
from above downwards and
concave from side to side
like a saddle, while its
posterior surface is the
reverse of that. Each trans-
verse process is short and
fused to a cervical rib,
perforated at its base form-
ing the vertebrarterial
foramen which transmits
the vertebral artery. The
atlas and axis have no
cervical ribs, and the atlas
has a very much reduced
centrum, while its proper
centrum has been detached
to fuse with that of the
axis, forming the odontoid
process of the axis. The
posterior two cervical verte-
brae have long ribs.

— Draw the 1st, any of
the 3rd — 12th, and the 14th
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cervical vertebrae from various
views.

— The thoracic vertebrae
are 5 in number, the first
three of which are fused
together, the fourth is free
and the fifth is fused with
the lumbar vertebrae. All
of the thoracic vertebrae
carry ribs which articulate
with the sternum. A rib is
divided into a vertebral
portion, articulating with
the vertebral column, and a
sternal portion, articula-
ting with the sternum. Both
portions are bony and the
former carries 2 backwardly
directed mncinate process
which overlaps the rib be-
hind adding more rigidity
to the thoracic wall.

— The lumbar vertebrae
are 6 in number, fused
together as well as with the
last thoracic and the fol-
lowing sacral (2 in number)
and postsacral (5 in
number) vertebrae. All of
these are moreover fused
with the pelyic girdle to
form the symsacram. This
gives great support to the
two legs.

—Six free caudal verte-
brae follow, succeeded by
a terminal pygostyle,
(ploughshare bone) which
consists originally of a
number (4-6)of fused caudal
vertebrae, distinct in the
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embryo. The pygostyle sup-
ports the tail, and in the
living bird, the rectrices are
arranged round it in a
semicircle.

— Make labelled drawings
of the thoracic, caudal vertebrae
and pygostyle.

3. The sternum.

This is characteristically
very large in birds, and
extends far back under the

greater part of the abdo-
men. Note the prominent

midventral crest, called the
keel or carina sterni,
which affords a large surface
on which the pectoral
muscles are attached. Two
coracoid grooves are
found on the anterior edge
for the articulation of the
two coracoids. The lateral
borders of the sternum are
notched forming the costal
processes for the reception
of the sternal portions of
the thoracic ribs.

~— Draw.

4. The pectoral girdle
and the wings.

The pectoral girdle con-
sists, on each side, of a
sabre-like dorsal scapula
disposed above the ribs, a
stout coracoid which arti-
culates with the sternum,
and a slender, slightly
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curved clavicle. The two
clavicles unite together
forming the furcala. There
is a glenoid cavity, for the
reception of the head of
the humerus,formed by the
coracoid and scapula.
Where the coracoid and
scapula meet with the
clavicle, the foramen
triosseum (foramcn of the
three bones) is formed to
allow the passage of the
tendon of the pectoralis

minor muscle.

The bones of the wing

e : the humeras, which
is expanded at both ends;
the radius and the ulna,
almost parallel with and
separate from one another
along their entire length,
and the ulna is stouter;
two separate small carpals,
radiale and ulnare; a
carpometacarpus, win-
dow-like and represents the
result of fusion of the distal
row of carpals with the
three metacarpals which can
be made out in the com-
pound bone; and finally 3
digits, with a digital for-
mula 1 : 2 1.

— Make labelled drawings
of the pectoral girdle and the
bones of the wing.

5. The pelvic girdle and
hind-limbs.

— The pelvic girdle is
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fused with some of the
posterior vertebrae,as you
have already noted, to form
the synsacrum. The girdle
consists of three paired
bones : a broad flattened
ilinm, a smaller ischium
which is more posterior and
dorsal, and a ventral cylin-
dircal os pubis. There is
no pubic' symphysis; the
two pubic bones do not fuse
with each other. An aceta~
bulum for the reception of
the head of the femur is
formed by the three bones.
An obturator foramen is
found- between the ilium
and pubis, and an ilio-
ischiadic foramen is found
between the ilium and
ischium,

— The bones of the hind-
Iimb are : the femur, is
short but stout; the tibio-
tarsus, representing the
tibia fused to the proximal
row of tarsals; the fibula
is united with the anterola-
teral third of the tibiotarsus;
the tarsometatarsus,
representing  the fused
distal row of tarsals with the
metatarsals 2-5, the first
metatarsal remaining free;
and finally 4 digits, with a
digital formula 2:3:4:5.The
hallux is directed backwards
while the other three digits
are directed forwards.

— Make labelled drawings
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of the synsacrum and the bones
of the hind-limb.

— Why have birds been
described as ‘“‘glorified rep-
tiles’” ?

— What are the adapta-
tions in structure of birds
to flight ?

E. Class MAMMALIA

Mammals and birds are
principally. terrestrial ani-
mals which are able to live
in various habitats and
under severe environmental
conditions. This is mainly
because both of these larger
groups have developed a
mechanism  which keeps
their internal composition
constant. They are homoio-
thermal in contradistinction
to all other animal groups
which are poikilothermal,
and which under the severe
conditions of the environ-
ment become inactive and
hibernate,

Mammals also, like birds,
have originated from rep-
tiles, but while birds have
preserved several reptilian
features, mammals have
departed from reptiles to a
greater extent.

The class Mammalia is a
uniform group characterized
by the possession of hair
and of mammary or milk
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glands which secrete milk
on which they feed their
young. These are born alive
and given great care by the
parents for a considerable
period of time, sqmetimes
lasting for several years as
in man. Their highly deve-
loped brain and scnse-organs
as well as their motor
mechanisms enable them to
perceive much of the cir-
cumstances under which
they live. The body is lifted
off the ground on four legs
and is capable of progres-
sion on it with great speed.

‘There is a single bone —

the dentary — in the lower

jaw associated with the
habit of chewing the food;
the other lower jaw bones
and the quadrate have
either been included in the
middle ear or disappeared.
There are four chambers to
the heart and a single left
systemic aorta (a single right
in birds), and there is a
muscular diaphragm which
plays an important role in
breathing. There are prin-
cipally 4 cervical vertebrae
only; the dentition is
diphyodont and heterodont,
and the vertebral centrum
ossifies by three centres of
ossification, etc.

The class is divided into
3 principal subclasses, the
Prototheria, the Allo-
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theria (extinct) and the
Theria. The Theria are
further divided into g in-
fraclasses, the Pantotheria
(extinct), the Metatheria
and the Eutheria. So the
living mammals fall under
the 3 unequal groups, the
Prototheria, Metatheria
and Eutheria, the last
including the majority and
more ‘well known of the
living mammals.

The Rabbit

Oryctolagus cuniculus

Rabbits and hares are
eutherians of the order
Lagomorpha characterised
by having longer hind- than
fore-limbs (so they jump),
a short tail, continually
growing incisors (not ex-
clusive to the order) and
the upper pair of incisors
are accompanied by a smal-
ler second pair. They are
skilful burrowers.

The rabbit is herbivorous
and gregarious and readily
domesticated; many fancy

varieties have been produc-
ed by breeders.

In the following study,
you should compare all the
organs and systems with
those of the other verte-
brate animals which you

~
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have studied, especially Bufo
regularis (see Vol. I),in order
to understand the true
meaning of their structures.

a) External Features .

— Note that there is an
almost complete covering of
hairs on the outer surface
of the body. They are either
uniform or different in
colour.

— Divisions of the
body are the head, neck,
trunk, with two pairs of
pentadactyle limbs, and
tail.

— In the head, note the
anterior mouth bounded by

~two mobile soft lips
(characteristic of mam-

mals). The upper lip is
divided by a median cleft
which connects the mouth
with the external nares
or mnostrils. These are
oblique in position and lie
on the tip of 2 mobile nose
(characteristic of mammals).
Posterior * to them and
laterad are the two large
eyes, cach guarded by two
eyelids, an upper and a
lower, fringed by eyelashes,
and a third or nictitating
membrane attached to the
anterior angle of the eye.

On the anterior or facial
region of the head are a
few tactile hairs, the vibris-
sae, which are greatly
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enlarged. The pinnae are
parts of the external ears,
and are frecly movable
(mammalian feature).

—In the trunk, note the
thorax strengthened by the
ribs and sternum, and the
larger abdomen. At the
base of the short tail is the
anus, and in front of it is
the urinogenital opening
which in the male lies on
the tip of a retractile organ
called the penis, surround-
ed by a free fold of skin,
the prepuce; while in the
female it is slit-like and
called the wvumlva, at the
anterior margin of which is
a short rod-like clitoris
which corresponds to the
penis. Note in the male the
presence of two scrotal
sacs in which the two testes
lie outside the body cavity.

On the two sides of the
urinogenital aperture in
both sexes are two hairless
inguinal depressions on
to which open the ducts of
perineal glands (scent
glands). They secrete a
substance which gives the
rabbit its characteristic
odour by means of which
it can distinguish its own
kind by smell.

Along the ventral surface
of the thorax and abdomen
are 4-5 pairs of teats on the
tips of which open the ducts
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of mammary glands in the
female.

— The limbs are built
up on the same plan as in
the other tetrapods you
have studied, viz..in the
fore-limb are the upper
arm, fore-arm and hand,
while in the hind-limb are
the thigh, shank and foet.
The hand has 5, and the
foot only 4 digits which all
terminate in strong curved
claws (digging tools of the
rabbit). Note that the hind-
are longer than the fore-
limbs (adaptation for leaping
as in Bufo).

— Make drawings of the
rabbit to show as much as you
can of its ¢xternal features.

b) Dissection.

* Take a rabbit killed by an
overdose of an anaesthetic, like
chloroform or ether, and lay it
on its back on the dissecting
board. Fix it with nails in the
hands and feet.

* Make a median longitudinal
incision in the skin only,from the
pubic symphysis to the tip of the
snout. Cut transversely at the
shoulders and in front of the hips.

* With the help of your fingers
or the handle of the scalpel, not
its sharp edge, separate the skin
from the muscular body wall and
note that the two are connected
together by loose subcutaneous
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connective tissue. In the female
note the presence of ‘the mam-
mary glands. Reflect the flaps
of skin and nail them down.

* Make a longitudinal median
incision in the abdominal wall
from the pubic symphysis to the
xiphisternum, taking care not to
injure the internal viscera. Cut
parallel to the ribs on both sides
and reflect the flaps of the ab-
daminal wall, and fix them down.

* Dissect the neck region to
expose its main blood vessels, then
remove the pectoral muscles care-
fully on both sides to expose the
subclavian veins and arteries.
These are necessary steps before
cutting through the thoracic wall
so as to avoid damaging any
blood vessel in the thorax or neck,
otherwise  excessive  bleeding
would ensue.

* Make a small incision with the

tip of the scissors in the diaphragm.

The thoracic cavity will be filled
with air at once and® the dia-
phragm will be lowered. Now, cut
through the diaphragm separating
it from the ribs all around.

* Look for two delicate vessels,
the internal mammary vein and
.artery, runing on the inner surface
of the thoracic wall on each side
of the sternum. Make two
longitudinal cuts through the
ribs, a little to thc outside of these
vessels, from behind forwards
until you reach the first rib. Keep
the first right rib intact, but cut
the first left rib carefully without
damaging the vessels you have
already exposed in the thorax
and neck. Reflect the' sternum
to the right side. Cut parts of
the remaining ribs on both sides
so as to expose more of the
thoracic cavity.
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Identify the general vis-
cera as they appear in situ.
In the thorax : the heart
surrounded by the peri-
cardium, and on its ventral
surface the thymus gland
is seen as a fatty mass (in
young rabbits), and lungs.
In the abdomen:the liver,
stomach, some coils of the
ileum, caecam, coleon and
urinary bladder.

— Draw the general viscera
as you see them in situ.

c) The Digestive system.

Defer the examination of
the buccal cavity to a later
step, and follow the system
from the oesophaguswhich
extends in the neck region
dorsal to the trachea, recog-
nized by its rings. The
oesophagus passes back-
wards into the thoracic
cavity dorsal to the heart,
pierces the diaphragm and
opens into the stomach.

— The stomach is a
large sac which has a
convex postero-ventral sur-
face, the greater
curvature, and a concave
antero-dorsal surface. the
lesser curvature. The
latter is connected to a part
of the liver by a sheet of
mesentery, the lesser
omentum, while from the
greater curvature another
sheet of peritoneum, the

greater omentum, which
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often contains fat, extends
dorsally to adhere to part of
the intestinal mesentery.
The oesophagus enters the
stomach at its wider por-
tion, the cardiac portion
(or cardia); to the left of
it is a large bulge , the
fundus., The right-hand
portion of the stomach is
the pyloric portion ( or
pylorus),

— The intestine follows
from the pyloric portion of
the stomach. The duode-
num is its first division, in
the form of a U-shaped
loop consisting of two limbs,
a proximal next to the
stomach and a distal away
from it.

* Unravel the coils of the in-
testine leaving the duodenal loop

and the rectum with their
mesenteries untouched. Spread

the intestine on the dissecting

board so as to show the propor-
tions of its several parts,

Following the duodenum
is the jejunum, and this is
followed by the rest of the
small intestine, the ileum.,
Both jejunum and ileum are
not well differentiated from
each other in the rabbit,
Note the presence of
Peyer’s patches as slightly
thickened oval spots, gran-
ular in appearance, which
occur at intervals along the
whole length of the small
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intestine (they are aggregates
of lymphatic nodules) .

The ileum ends in
the sacculuas rotundus,
whitish and rounded, and
which opens into the large
intestine. This is formed
of the caecum, colon and
rectum. The caecum is
recognized by its large size,
and most of it is thin walled
and has a spiral constriction
which marks the internal
partitions of the pouch-like
dilatations of the caecum.
The caecum ends by a thick-
walled, much narrower and
finger - like vermiform
appendix. The caecum of
the rabbit is specially large
(a feature of herbivores, but
is much smaller in the
carnivores).

The colon extends from
the sacculus rotundus, is
markedly sacculated (to
delay passage of food) and
leads into the mnarrower
rectum which extends into
the pelvis to end in the
anus. The rectum usually
contains faecal pellets.

— The pancreas lies in
the mesentery between the
two limbs of the duodenal
loop. It is somewhat dif-
fuse, of a creamy colour
and its pancreatic duct
opens into the beginning of
the distal limb of the duode-

num.
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— The liver is very
large, dark red in colour
and fits against the
diaphragm by its convex
anterior surface,and is at-
tached to it by the falci-
form ligament. It consists
of 5 lobes, the right and
left central, the left
lateral, the caudate and
the small Spigelian lobes.
The right central lobe is
grooved for the reception
of the gall-bladder which
is an elongated thin-walled
sac, dark green in colour.
The bile duct opens into
the proximal limb of the
duodenum near the pylorus.

— The spleen, not a
digestive organ, is a dark
red elongate body which
lies close to the posterior

cardiac portion of the
stomach. '
— Make a labelled drawing

of the digestive system from
the oesophagus to the anus.

* Cut small pieces of the duo-
denum, ileum, colon and rectum.
Slit them open, wash away their
contents with water, put them in
a small dish, cover with water and
examine with a2 hand-lens.

Note the presence of villi
in the duodenum and ileum,
giving the mucous mem-

: - brane a velvety appearance.

In the caecum the inner

surface is papillose and -

<— 315

el ¢ Tl 308" USly —
d] ooy Cudy O 257N
Sbod el § LY
dpl BU M 4 ey W
SFM: apad © o ASIS Gy
PR (R (PR
AW N jadlly . heal
&yl ool 4d s by
oS e Ble (¢ (AN
5B a4 b G
Sl (3 @il (g8l cw P
ol el e S o

L.-.&t— u-.:’ PLYIN: Joall —
G 3t o o Bloy <Cnia
eion Tt Ty iy o571 ol
. sl ‘_;,L-l:\ 313l

b Sl
3 2 g g el o
el o
SHlly 2o Vb g s U 461 0
o Ll Lo Lty ¢ izl Sty il
Wby ine 3o 8 Lgass ¢ € 2UL Lply 522
c g oy Leasily UL

e Y 3 M s s
Welie WSSy ilally
clod) U1 2idadll glaa B
de pns (bd 2N g

Y\e



raised along the line of
external constriction into
a prominent spiral fold.
In the colon note the sac-
culations and the papil-
lose surface, while in the
rectum the mucous mem-
brane is almost smooth.

d) The Urinogenital
System.

* Cut the bones of the sides of
the pubic symphysis 2nd remove
the cut pieces away so ad to
expose the posterior part of the
urinogenital system. Note :

— The two kidneys are
dark red in colour, bean-
~ shaped, the right lying more
anteriorly than the left.

Note the presence, close
to each kidney, of a small
yellowish rounded body.
This is the adrenal gland,
an endocrine gland of
considerable importance.

— The ureters are two,
each extending from the
concavity of its own kidney
to open into the dorsal
region of the urinary blad-
der.

— The urinary bladder
is an ovoid sac which nar-
rows posteriorly where it
receives the genital ducts
and extends in the pelvis as
a urinogenital passage .

— Make a labelled drawing.
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* Remove one kidney and note
the presence of a notch — the
hilus — on its inner side where
the ureter and blood vessels enter
and leave it. With a sharp
scalpel slit open it horizontally
from its outer edge, and turn the
ventral half inwards, so as to
expose the cut surface.

Note that the substance
of the kidney is differentia-
ted intc an outer cortex
with a dotted appearance
due to the presence of the
Malpighian bodies which
are confined to this part.
The inner part is the
medulla, radially striated
and consists mainly of the
non-glandular parts of the
tubules. The inner surface
of the medulla projects into
the pelvis of the kidney
forming the pyramid on
which the tubules of the
kidney open.

— Draw.

— The Male Genital
System.

This consists of two

testes which lie in the
scrotal sacs.FEach remains
connected with its original
position in the abdominal
cavity by a spermatic
cord,which extends through
the inguimal canal,and
consists of a spermatic
artery, vein and nerve all
bound in connective tissue.
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Along the side lies the
epididymis which is en-
larged anteriorly forming
the caput epididymis and
posteriorly forming the
cauda epididymis, The
latter is connected to the
scrotal sac by a short elastic
cord, the gubernacu-
lum. The spermatic cord is
conntected to the caput,
and the vas deferens to
the cauda epididymis. The
vas deferens passes for-
wards out of the scrotal sac
into the inguinal canal,
curves over the ureter, then
passes backwards again and
opens into a small median
sac, the uterus mas-
culinus, which lies dorsal
to the neck of the bladder
and opens into it. Thus, the
two form the urethra which
is a urinogenital canal that
extends into the pelvis,
ventral to the rectum. The
urethra passes through the
penis and opens on its tip.

Identify the prostate
gland, which lies beside
the uterus masculinus and
surrounds its commence-
ment, and Cowper’s
glands, which are two in
number, smaller, and lie
behind it (both secrete a
fluid which lubricates the
passage for the sperms).
Behind Cowper’s glands are
the two perineal glands
(scent, not genital), and in
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this region, but more
anteriorly, are found the
two rectal glands which
open into the rectum
(secrete mucus which lubri-
cates passage for faeces).

— Make a labelled drawing.

— The Female Genital
System.

This consists of two
ovaries, which are much
smaller than the testes and
are abdominal in position,
lying posterior and lateral
to the kidneys. The
two oviducts open into
the coelom each by a fun-
nel-shaped opening just
external to the correspond-
ing ovary. The first part
of the duct is narrow ,
the Fallopian tube , and
runs backwards then en-
larges into the uterus which
unites with its fellow to
form the wvagina. This
extends backwards within
the pelvis dorsal to the
bladder’s neck with which
it unites forming the ves-
tibule. Thus, this is a
urinogenital canal. It opens
at the vulva; the clitoris
had already been noted.
Cowper’s glands are as
in the male, but sometimes
absent.

Identify the rectal and
perineal glands (not
genital). in the female.

— Make a labelled drawing.
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e) The Circulatory
System.

* Remove the thymus gland
away, and cut through the peri-
cardium as you did with the other
vertebrate animals (see Vol.I) to

expose the heart and roots of the
large blood vessels. Note that
the heart, together with the

thoracic part of the oesophagus,
aorta,.. etc, lie in a special cavity,
~— the mediastinal cavity.

Identify the chief vessels
connected to the heart :

Into the right auricle
open three venae cavae,
two anterior, right and left,
and one posterior. Into the
left auricle open two pul-
monary veins which unite-
just in the auricular wall.
The pulmonary arch
comes out from the right
ventricle, while the syste-
mic aorta comes out from
the left ventricle. Note the
ligamentum arteriosus
(ductus in the embryo), a
thin fibrous cord connecting
the pulmonary arch with
the aorta.

— In the Venous Sys-
tem, notc‘ -

1) The right anterior
vena cava, formed of the
following tributaries :

— The internal jugular
vein from the brain,and
runs in the neck.

— The external jugular
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vein is large and runs
along the side of the neck.
It is formed of the anterior
(internmal) and the post-
erior (externmal) facial
veins collecting blood from
the face.

—The subclavian vein,
from the fore-limb and the
shoulder.

— The internal mam-
mary vein is small and
drains the upper side of the
sternum,

— The anteripr inter-
costal vein is small and
drains the anterior 4 or 5
intercostal spaces,

— The azygos vein is
single and median, and runs
close to the wvertebral
column along the right side
of -the aorta. It receives
tributaries from the post-
erior 7-8 intercostal spaces
of both sides.

ii) The left anterior
vena cava is formed of
similar veins like those of
the right one, except that
it lacks an azygos vein.

iii) The posterior vena
cava receives the following
veins :

— The phrenic veins
are a pair of small veins
draining the diaphragm.

—'The hepatic veins
are 3-4 large veins from the
liver.
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— The renal veins are
one pair from the kidneys,

— The spermatic or
ovarian veins are one
pair from the testes or
ovaries respectively.

— The iliolumbar
veins are one pair from
the hinder abdominal
region.

— The extermal iliac
veins are one large pair
from the hind-limbs. Each
receives a small vesical
vein from the urinary blad-
der. The external iliac vein
is a direct continuation of
a femoral vein which
extends along the inner
border of the thigh.

— The intermal iliac
veins are one¢ pair from
the back of the thighs.

iv) The hepatic portal
vein (or portal vein since
it is single in mammals;
the renal portal veins being
absent) receives several
factors: the duodenal vein;
the anterior and posterior
mesenteric veins, from
the intestine and rectum;
the lienogastric vein from
the stomach and spleen;
and runs into the liver
where it breaksintoseveral
branches in its lobes.’

v) The pulmonary
veins, from the two lungs
and open into the Jgft
auricle.
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— In The Arterial
System, note :

—The pulmonary arch
comes out from the right
ventricle, curves over on to
the dorsal side of the heart

and ‘branches into two
pulmonary arteries
to the lungs.

— The systemic aorta
arises from the left ventricle,
passes dorsal to the pul-
monary arch and curves
around the dorsal side of
the heart to lie ventral to
the vertebral column, where
it extends backwards as the
dorsal aorta. It gives off
an innominate artery,
from which arise the left
and right common caro-
tid arteries to the head.
Each of them divides at the
base of the head into the
external and intermal
carotid arteries. From the
right common carotid, and
close .to its origin from the
innominate artery, there
arises the right subclavian
artery to the right fore-
limb. The left subclavian
artery arises from the aorta
directly*. Each subclavian
artery gives off a vertebral

* The arrangement of the chief
arteries of the systemic aorta is
not invariable, but the one

‘described above is the com-
monest. '
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artery to the cervical
veriebrae and an internal
mammary artery (o the
ventral thoracic wall.

The dorsal aorta gives off
intercostal arteries
(usually 9) to the thoracic
wall; coeliac artery to the
liver (hepatic a.), and to
the stomach and spleen
(lienogastric a.) ;anterior
mesenteric artery to the

intestine; two  renal
arteries to the kidneys;
posterior mesenteric

artery to the rectum; two
spermatic arteries to the
testes, or two ovarian
.arteries to the ovaries;

two  common  iliac
. arteries, which result fromt

. the bifurcation of the dorsal
aorta, each gives off an
. iliolambar artery to the
body wall, an internal
iliac artery to the pelvic
region, and a vesical
artery to the urinary blad-
der. The common iliac
artery then runs into the

.~ hind-limb along which it -

1s continued as the femoral
artery.

— Make drawings of the .

venous and arterial systems.
Label the parts.

— The Heart.

* Cut through the chief vessels
slightly off the base of the heart,
and study this organ. You may
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use the heart of sheep or ox to
help you in your study.

* Open the right ventricle by
cutting through its»wall long-

itudinally, then continue the in-
cision forward along the pul-

monary arch. Remove any blood
clot that you may find.

The right auriculo-ventri-
cular opening is guarded by
a tricuspid valve formed
of g flaps or cusps, and
connected to the free edges
of which are delicate but
strong threads or cords
the chordae tendineae |,
which extend to the tips of
prominent projections
the papillary muscles |,
in the ventricle wall., This
is produced into longit-

udinal muscle ridges, the
 columnae carneae.

Note that the opening of
the pulmonary arch is
guarded by 3 pocket-like
semilunar valves.

* Open the left ventricle and the
systemic aorta as you did with
the right side.

Note that the left vent-
ricle is mu¢h thicker walled
than the right, and the left
auriculo-ventricular opening
is guarded by a mitral or
bicuspid valve, formed of
two flaps onmly, with the
same features as in the right
ventricle. The opening of
the systemic aorta is also
guarded by 3 semilunar
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valves. The aorta gives off,
just beyond the valves, the
coronary arteries which
supply with blood the mus-
cular wall of the heart; the
coronary veins collect
blood from it to be poured
into an anterior vena cava.

* Open the right and left auri-
cles. '

Note the interauricular
septum in which is found
a depression, the fossa
ovalis, which in the embryo
was an opening, the
fenestra ovalis.

* Prepare a film of blood of the
rabbit. Examine it and point out
the difference between it and the
blood of the other vertebrates you
studied.

— Make drawings of the
dissected heart and to a film
‘of ‘the blood of the rabbit.

f) The Respiratory
System.

Defer the examination of
the nasal passages to a later
step (see p. 332).

Start by the larymx,
which is a box-like structure
lying on the ventral side
at the base of the head,
and opening into the
pharynx by the glottis,
that is guarded by an
epiglottis. On the ventro-
‘lateral sides of the larynx
and the anterior part of
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the trachea there is a red-
dish glandular structure, the
thyroid gland, formed of
two lateral lobes, connected
by a transverse isthmus.
The larynx leads to the
trachea which is recogn-
ized by its cartilaginous
incomplete rings and lies
along the ventral side of the
oesophagus. On entering
the thoracic cavity, it divi-
des into two bronchi, each
passes into a lung. Note
that the right lung is formed
of 4, the left of two lobes.
Each lung lies in a pleural
cavity, enclosed by 2 peri-
toneal layers which form
the pleura.

Examine the dia

and note that it is formed
of a central tendinous por-
tion, and an outer muscular
portion which is inserted on
the inner thoracic wall.
It iSs convex ante-
riorly, concave posteriorly.
Identify the two phrenic
nerves which supply the
diaphragm, one on each
side that arises as a branch
of the cervical plexus.

* You may now open the larynx

and study its cartilaginous support.

This is formed of a ventral thyroid
cartilage, an incomplete ring; a
¢ricoid cartilage, posterior to the
former and forms a complete
ring, two arytenoid cartilages on
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the dorsal side. Stretching from
the arytenoids to the thyroid are
the two false vocal cords anterior-
ly, and the two true vocal cords
posteriorly. The epiglottis projects
over the glottis (serves to close it).

Make labelled drawings
of the respiratory system and
dissected larynx.

g) Dissection of the Head.,

* Remove the skin of the head
with the help of the scalpel.
Separate with the bone-cutters
the two halves of the lower jaw.
Remove one of the nasal bones
to sce the turbinal bones in the
nasal cavity.

Identify, on either side :
the masseter muscle
covering the side of the lower
jaw; the parotid salivary
gland which lies just below
the external ear and extends
behind the lower jaw;
the submandibular
salivary gland* which
 lies close to its fellow, bet-
ween the inner sides of the
angles of the lower jaw;
the infraorbital salivary

lying below the
eyeball (absent from man);
the sublingual salivary
gland which lies at the
floor of the mouth below

* This is the recent term .adoptcd
in human anatomy; formerly it
was called the submaxillary gland.
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the tongue; Harderian
gland in the anteroventral
region of the eyeball(absent
from man);and the lacri-
mal gland in its postero-
dorsal region.

Note the palate, forming
the roof of the buccal cavity
and the floor of the air
passage, and consisting of
the bony hard palate
anteriorly, and the fleshy
soft palate posteriorly. The
internal nares lie just above
and beyond the soft palate.
The tongue is an elongated
movable muscular mass,free
in front and attached be-
hind to the floor of the
mouth by the fremulum
linguae. An account of

dentition is given with the
skull (p. 341).
* Cut medially through the soft

palate to display the two Eusia-
chian apertures.

h) The Brain.

* The brain is best studied in
specimens that have been kept in
formalin and 19, solution of HCI
for hardening the brain and
decalcifying the bones.

* Remove the upper and side
walls of the cranium. Cut the

roots of the cranial nerves on .

both ‘sides, and very gently take
the brain out, put.it in the .dis-
secting dish and examine it.

Note that the brain is
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ensheathed by the dura
(outer) and pia (inner)
mater,

~On the dorsal surface
note : The two large
cerebral hemispheres,
separated by the median
fissure, and each is marked
by a shallow Sylvian fis-
sure into an anterior fron-
tal lobe and a lateral
temporal lobe; olfactory
lobes, in front of the
hemispheres; cerebellum
very large, folded and con-
- sists of a median lobe, the
vermis, and two lateral
lobes each of which carries
laterally a small lobe,. the
flocculus; and medulla
oblongata merging back-
wards into the spinal cord.

*Carefully push the hemispheres
apart to expose the corpus callo-
sum, a tratisverse band of nerve
fibres joining the two hemispheres
together; 4 corpora quadrige-
mina, which represent the two
optic lobes of other vertebrates;
pineal body, lying between the
hinder ends of the hemispheres
and attached to the thalamen-
cephalon.

— On the ventral sur-
face, note : the rhinal
fissure, a longitudinal fis-
fissure in each cerebral
hemisphere that marks out
the olfactory tract from
the hippocampal lobe;
optic chiasma; pituitary
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body, which is usually torn
off with the bottom of the
infundibulum on removing
the brain from the skull;
corpus mammillare or
corpus albicans, a small
rounded median swelling
lying posterior to the pitui-
tary body; pomns Varolli,
which extends on the lower
side of the medulla and
connects the two sides of
the cerebellum, The crura
cerebri are two large bands
of fibres lying in front of
the pons and connect the
medulla with the cerebral
hemispheres .

Examine the roots of
the cranial merves and
note that they are 12 pairs,
which are, on each side :

I. The olfactory merve
joins the olfactory lobe.

II. The optic mnerve
connects with the side of
the mid-brain and crosses
its fellow forming the optic
chiasma.

III. The oculomotor
nerve, on the side of the
_corpus albicans.

IV. The pathetic or
trochlear nerve, from the
dorsal side just behind the
corpora quadrigemina.

V. The  trigeminal
nerve, from the anterior
part of the medulla.

V1. The abducent nerve,

<« 334

tli - aale (dren ol ¢ uuw‘
¢! o ) A o i
- o o e o
I3 ) e Ble g

e o G s e

Jo okl edyyl gy ¢ sl
ov Jes gl Jidl iU
¢ Sl ¢ oo b
Ot oS Oda S e Ble LAy
Oy Bl plal Glagy LY
il 550 s gl
e ylr je0dl
g de sy Ll o

Dol

Jas ¢ ol el
sl adll

Juas ¢ padl cuadl — ¥
ety phaiyy cdadl A Cilg
o Gpad Jladl 58

Jde ool B2 Caadl v
. oas! o) b

c‘;ﬂ,“ )‘élﬁﬁ.ﬁ\ el — ¢
el ¥l st (gqlill I e
33 dely ) dulidl

o C 3O gt}:ﬂg'..m“_o
C Jedasdl gl SUYI )

Ly o ool dnaceanll — %

YYe



arises close to the mid-
ventral line, just behind the
pons.

VII. The facial nerve,
from the side of the medulla,
just behind the Vth.

VIII. The auditory
nerve, just behind the
VIlth,

IX. The glossopharyn-
geal nerve, just behind the
VIIIth.

X. The vagus nerve,
behind the IXth and arises
by several roots.

XI. The spinal acces-
sory nerve arises from the
side of the medulla and
spinal cord by several roots,
and lies just behind the
Xth.

XII. The hypoglossal
nerve, from the ventral
surface of the medulla.

— Make labelled drawings
of the brain from both surfaces
and mark the positions of the
roots of the cranial nerves.

i) The Eye.

* Cut through the two angles
-formed by the eyelids and try to
frec the eyeball in its socket.
Identify the extrinsic eye-muscles;
they have similar names and
positions as those of the dogfish
(see p. 234) .

* Aided with the eye of an ox,
try to dissect and study the mam-
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malian eye. Make a latero-median
vertical incision through the eye-
ball. Note :

— The greater part of the
eyeball forms the “white”
of the eye or sclera which
consists of dense fibrous
connective tissue, not of
cartilage or bone as in:
other vertebrates. @ The
transparent part of the

sclera is the cormea,which
" is covered by the thin
conjunctiva that connects
the eyeball with the eyelids.
Through the cornea, you
can see the coloured part of
the eye, the iris, perforated
by the eye-pupil.

— In the wall of the
eyeball, identify the sclera,
the black choroid,and the
iridescent retina.

— The lens is an ovoid
transparent gelatinous body
lymg just posterior to the
iris, close to the eye-pupil.

— The internal space be-
tween the cornea and the
lens is divided by the iris
into an anterior chamber
lying between the cornea
and the iris, and a post-
erior chamber between
the iris and the lens, both
chambers being filled with
an aqueous humour. The

suspensory ligament
extends between the lens

and the ciliary bhody which
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Hés in the angle formed by
the iris and the choroid.

~— Posterior to the lens,
note the large wvitreous
body or humour formed
of a similar material as that
of the lens, and pierced by
a narrow hyaloid canal.

— The optic nerve is at
the back of the eyeball. The
point at which it is con-
nected to the eyeball is the
blind spot. Lateral to this
spot, on one side of the wall,
is a depression called the
fovea centralis.

— Drow the eyeball with
its muscles from the outside,
as well as the dissected eye.

j) The Skeleton.

*Study the skeleton of mounted
specimens and separate bones.
You can prepare these bones in
the way you have already used
with the toad. The main divis-
ions of the skeleton are the same
like those of the toad, therefore,
we need not mention

here again (see Vol. I).

_The Skllu.

1. The neurocranium,
consists of the cranium and
the sense capsules.

— Identify in the
floor of the cranium,
from behind forwards :

The basioccipital ; the

them
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basisphenoid, which is
triangular; and the pres-
phenoid, which is small.

On each side of the
cranium, identify from be-
hind forwards : An exoc-
cipital, with a prominent
occipital condyle for the

articulation with the atlas,

and a process called the
paroccipital applied to

the tympanic bulla; an
alisphenoid; and an

orbitosphenoid, perfora-"

ted by the rounded optic
foramen.

The roof of the cranium
is formed of, from behind
forwards : the supra-
occipital, which completes
the occipital ring, that en-
closes the foramen mag-
num ; two large parietals;
and two large frontals, in
front, and each of which is
produced into a supra-
orbital process. A small
interparietal is found bet-
ween the supraoccipital
and the parietals.

On each side of the
cranium, identify : a large
squamosal, which lies out-
side the cranial wall in the
toad, but here it intervenes
between the auditory cap-
sule and orbit, and makes
part of the cranial wall.

— In the auditory
capsule, identify the peri-
otic, which is almost invisi-
ble from the exterior; the
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tympanic, produced into
a tympanic bulla, whose
neck forms part of the
external auditory meatus
(through which you can see
the g ear ossicles, the mal-
leus, incus and stapes).

— In the orbit, identify
in its front wall a lacrimal
bone.

— The nasal capsules are
covered from above by two
nasals, and below them is
the thin vomer. The two
capsules are separated from
each other by the masal
(mesethmoid), and from
the cranial cavity by the
cribriform plate (ect-
ethmoids) . Lift up one of
the nasals and nqte the
complex thin bony plates
of the turbinal bone.

2. The splanchmnocra-
nium consists of the jaws
and the hyoid apparatus.

— The upper jaw is
formed of : the inner arch,
consisting of a palatine
and a pterygoid, and the
outer arch of an anterior
premaxilla followed by the
maxilla, produced into a
zygomatic process which
meets the jugal (or zygo-
matic) bone that agam
meets the zygomatic
process of the squamo-
sal*. Therefore, the two

* Although the squamosal has

become incorporated in the
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processes and the Iugal
complete the zygomatic
arch on the cutside of the
confluent orbital cavity and
large single temporal cavity
(modified synapsid
skull).

— The lower jaw is
formed of a single dentary
in each half or ramus, the
two rami being connected
at the symphysis mentis.
Note that each ramus is
formed of a horizontal body,
carrying teeth, and a ver-
tical ascending portion,
showing a dorsal coronoid
process, a condyle for
the articulation with the
squamosal, and a ventral

angular process.

— Note that the teeth
are found only on the
premaxillae, maxillac and
dentaries, where they are
implanted in sockets or
alveoli. On each premaxilla,
there is a strong grooved
incisor, backed by
another small ineisor. The
maxilla carries three pre-
molars and three molars.
A large gap, the diastema,
separates the incisors from

cranial wall, yet it is still con-
nected with the outer arch of the

upper jaw which, according to
some opinion, is considered to be

completed posteriorly by the
squamosal.
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the premolars; in other
mammals this space is oc-
cupied by the canines. The
dentary carries one incisor
in front, and two premolars
followed by three molars
behind. Thus the dental
formula of the rabbit is :

= 28

-
[
o0
°
i
Njw
3
wjw

The dentition is adapted to
gnawing and grinding.

—The hyoid apparatus
consists of a body and two
pairs of cornua. The
anterior pair is small, while
the posterior pair is much
longer.

The rest of the splanchno-
cranium has either disap-
peared or modified to form
the laryngeal cartilages.

Skulls are customarily
supplied in the laboratory

without the hyoid apparatus.

The following is a list of the
bones excluding the lower
Jaw, seen on each of the
dorsal, ventral and lateral
surface of the skull (from

in front backwards, in one
half) :

Dorsal sarface : Nasal;
nasal process of premaxilla;
frontal with its supraorbital
process; parietal; interparie-
tal; and supraoccipital lying
dorsal to the foramen mag-
num.On the outer side of
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la with premolars ana
molars, and a palatine
process; palatine with a
palatine process, (the last
two forming half of the
hard palate); vomer;
presphenoid; basisphenoid;
basioccipital;  exoccipital
bearing an occipital condyle
and a paroccipital process;
and supraoccipital surroun-
ding with the other occipital
bones the foramen magnum.
On the side of the basioc-
cipital is the tympanic. The
palatine is followed by the
pterygoid, and on the outer
side is the zygomatic arch
formed of the jugal and the
two zygomatic processes of
the maxilla and the squa-
mosal.
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Lateral surface : Pre-
maxilla with a nasal.process;
maxilla with an orbital
process forming the anterior
boundary of the orbit; nasal;
lacrimal between the maxil-
la and the frontal; orbi-
tosphenoid pierced by the
rounded optic foramen;
frontal with a supraorbital
process; parietal; squamo-
sal; tympanic with its bulla
and external auditory
meatus; post-tympanic pro-
cess of squamosal; exoc-
cipital with an occipital
condyle and a paroccipital
process; pterygoid which
projects..from the base . of
the skull where the basisphe-
noid meets the alisphenoid;
zygomatic arch formed as
explained above.

— Draw the skull as seen
from the dorsal, ventral and

lateral surfaces. Label the bones.

3. Foramina of the skull.

Using a rabbit’s skull and
also a dog’s skull, deter-
mine the positions of the

more important foramina
of the skull :

— The foramen mag-
num, has already been
referred to.

— The anterior narial
opening, lies at the anterior

end of the face (snout), and -

through it the turbinal bone
can be seen.
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-— The optic foramen,
lies in the orbitosphenoid
and transmits the optic
nerve.

— The foramen lace-
rum anterius or sphenoi-
dal fissure is a vertical
slit below and behind the
optic foramen. It allows the
passage of the IIIrd, IVth,
VIth nerves and the
ophthalmic and maxillary
branches of the trigeminal
nerve. In the dog, the
maxillary nerve leaves the
skull through the foramen
rotundum which lies just
behind the sphenoidal fis-
sure.

~— The  infraorbital
foramen lies in front of
the zygomatic process of the
maxilla, for the passage of
a branch of the maxillary
nerve.

— The lacrimal fora-

men lies in the lacrimal

bone, and leads into the
canal along which the lacri-
mal duct runs into the nose.

— The foramen in-
cisivam is large, slit-like,
and lies posterior to the
upper incisors, for the pas-
sage of a branch of the
maxillary nerve.

—The posterior pala~
tine foramen lies at the

junction of the palatine
process of the maxilla and
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the palatine, and admits the
passage of a branch of the
maxillary nerve.

— The foramen ovale
lies between the alisphenoid
and periotic, just in front
of the tympanic bulla, and
admits the passage of the
mandibular branch of the
trigeminal nerve.

— The stylomastoid
foramen lies at about the
middle of the posterior
border of the tympanic, and
admits the facial nerve.

— The foramen lace-
rum posterius lies bet-
ween the occipital condyle
and the tympanic bulla,
and admits the passage of
the IXth, Xth and XlIth
nerves as well as the internal
jugular vein.

— The condylar fora-
men lies in the exoccipital,
for the XIIth nerve.

— The external audi-
tory aperture has already
been referred to.

—The carotid foramen
perforates the ventral sur-
face of the tympanic close
to the occipital condyle, for
the internal carotid artery.

— Insert as many as you
can of the above mentioned
foramina in your drawnigs of
the skull.

— What are the main
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features of the mammalian
skull in comparison with
the other skulls you have
studied ? Which of these
features are peculiar to the
rabbit ?

~—The Vertebral Column.

As in the pigeon, this
column is differentiated into
several regions, each con-
taining a number of distinct
vertebrae : cervical (7),
thoracic (12-13), laumbar
(7), sacral (3-4) and
caudal (15-16). All the
vertebrae have each a plate

of bone, the epiphysis, )

attached on either end of
its main body. In young
animals the epiphyses are
separate and easily fall
down in the prepared
skeleton, but in the adults

they completely fuse with 4 LJU\ byt Lt e et

¢ .,5_,3.3.“ (.o-;,-d (A Olesdy

the main body of the
centrum or diaphysis, so
that it is difficult to distin-
guish the three pieces one
from the others. This, as
already mentioned, is a
characteristic feature of
mammalian vertebrae. The
centrum is flat at both
ends (acoelous).

i. The cervical verte-
brae.

The first two cervicals
are specialized for the
articulation of the skull and
its rotation on the vertebral
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column. They are the atlas
and axis. The remaining
five are mormal.

— The normal cervical
vertebra (3-7) consists of a
centrum,a neural arch
carrying a short meural
spine, two transverse
processes, cach pierced
by a vertebrarterial fora-
men (characteristic feature
of cervical vertebrae) for the
passage of the vertebral
artery, and one pair of
prezygapophyses on the
anterior edge and another
pair of postzyapophyses
on the posterior edge of its
arch.

— The atlas, or first
cervical, has a large neural

canal divided by a transve-

rse ki entinto a large
dorsal part for the spinal
cord and a small ventral
part for the odontoid process
of the axis. The atlas has a
very reduced centrum, and its
neural spine in also reduced.
The transverse processes are
broad and horizontal, and
there are two large deeply

concave condylar facets on

the anterior face for the
articulation with the oc-
cipital condyles of the skull.
Another pair of smaller
facets are found on the
posterior side for the arti-
culation with the axis.

— The axis or epis-
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tropheus has,in addition
to its own centrum, an
odontoid process (which
is the main bulk of the
centrum of the atlas that
has migrated backwards to
fuse with the centrum of
the axis). The neural spine
is large and extends antero-
posteriorly along the mid-
dorsal line. Look out for a
pair of postzyapophyses on
the posterior edge of the
neural arch,

— Draw the atlas, axis and
a normal cervical vertebra from
various aspects.

2. The thoracic vert-
ebrae each consists of a
centrum, neural arch, long

slantin neural  spine
(characteristic), prezyga-
pophyses, postzygapophy-

ses, and facets for the
articulation with a pair of
ribs, one rib on each side.
These facets are a dorsal
diapophysis or tubercu-
lar facet on the short
transverse process for the
tuberculum of the rib, and
a ventral parapophysis,
on the centrum, for the
capitulum. The place of
articulation of the latter is
where one centrum almost
touches the centrum in front
of it. At this point, there is
on each of the centra, a
demi-capitular facet so
that during life the two demi-
facets of each two adjacent
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vertebrae meet to form a
depression (a complete capi-
tular facet) which receives
the capitulum of the rib.

Since the last three ribs
are without tuberculd, so
also the diapophyses on the
last three thoracic vertebrae
are absent.

In a mounted skeleton,
note the gradual change in
length of the neural spines,
being greater in the anterior
thoracic vertebrae and
pointing backwards. The
neural spine of the roth
vertebra is nearly vertical,
while those behind are
sloping forwards. Thus the
1oth thoracic vertebra is
described as an anticlinal
vertebra. Also, the last three
vertebrae carry each a pair
of metapophyses, above
the prezygapophyses, and
are nearly confluent with
them.

— Draw as you did with the
cervical vertebrae.

3. The lumbar verte-
brae are the largest of the
vertebrae. Each has a cen-
trum, neural arch enclosing
the neural canal, a strong
neural spine, a pair of
strong ventrolaterally direc-
ted transverse processes, one
pair of prezygapophyses,
carried on a pair of meta-
pophyses,and a pair of
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postzygapophyses, both for
the articulation of the
neural arches. In life there
exists a pad of fibro-
cartilage, the interverte-
bral disc, between each
two adjacent vertebrae.
Such pads are found also
between other vertebrae.

Other processes are also
found. Of these are a pair
of anapophyses lying be-
low the postzygapophyses,
and a hypapophysis pro-
jecting on the ventral side
of the centrum of each of
the first 2-3 lumbar ver-
tebrae.

. The spinal nerves leave

the neural canal through
intervertebral foramina
on the sides, and each fora-
foramen is formed of 2
meeting  intervertebral
notches on the neural
arches of two successive
vertebrae.

— Draw.

4. The sacral vertebrae
form the sacrum which
supports the pelvic girdle.
The first three vertebrae
are usually fused together,
and the first sacral is the
largest. It has a pair of
metapophyses and a pair of
wing-shaped transverse pro-
cesses on the surface of each
of which is an auricula-like
articulating facet for the
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articulation with the ilium.
Note that the centrum of
this vertebra is trapezoid,
the broader side being the
anterior, for the articula-
tion with the posterior
lumbar, and the narrower
posterior side for the arti-
culation with the much
smaller sccond sacral ver-
tcbra.

— Draw.

. 5. The caudal ver-
tebrae are the smallest of
the vertebrae and show a
progressive reduction in the
elements from in front back-
wards, the posterior ones
being formed solely of the
centrum.

— Draw.

— Try to make a key for
the 1identification of. the
various vertebrae which
you have studied.

— The Ribs and Ster-

num.

Theoretically speaking,
every vertebra carries a pair
of ribs, the most prominent
of which are those attached
to the thoracic vertebrae

_and supporting the thoracic
wall, where they also afford
surfaces for the atlachment
of intercostal muscles that
play an important role in
breathing.
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A rib consists of two
portions, a vertebral and
a stermal portion. The
former carries a capitulam
which articulates with the
demi-capitular facets (para~
pophyses) on the centra of
everytwo adjacent vertebrae,
and a small tuberculum
which articulates with the
diapophysis (on the trans-
verse process). The last
three pairs of ribs do not
have tubercula. The sternal
portion is much shorter and
formed of calcified or imper-
fectly ossified cartilage, and
articulates with the strenum.
The sternal portions of the
first seven pairs articulate
directly with the sternum,
while those of the 8th and
gth pairs are fused to those
of the #th, and are com-
monly called the false ribs.
The last three pairs do not
reach the sternum and are
described as floating ribs.

The sternum lies in the
ventral wall of the thorax
and is divided into 7 pieces
called the sternebrae, of
which the anterior is large
(the manubriam) and the
posterior is large too (the
xiphisternum), and ends
in a rounded plate, the
xiphoid cartilage.

— Draw.
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— The Pectoral Girdle
and Fore-limbs.

The pectoral girdle
consists of two scapulae
and two clavicles, of' which
only the scapulae are provi-

ed in the lab. Note that

e scapula is a triangular
plate, the apex of which is
directed downwards and
forwards and contains a
glenoid cavity for the
reception of the head of the
humerus. On the dorsal
surface of the scapula, there
runs a prominent ridge, the
spine, which is continued
ventrally into the aecro-
mion process. From the
posterior border of this
process, a long metacro-
mion process projects back-
wards. The coracoid, which
is prommcnt in most verte-
brates, is here represented
only by a coracoid process
that is continued with the
anterior border of the
scapula and overhangs the
glenoid cavity.

- The clavicle is slender
and attached to a ligament
running from the scapula to
the sternum. It usually
falls down in the prepared
skeleton.

— Draw a scapula, and
label its paris.

The fore-limb is built
up of several regions on the
usual pentadactyle plan;
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each is supported by the
usual bones. These are :

— The humeras, sup-
porting the upper arm, is
elongated and stout, 'Its
head articulates with the
glenoid cavity, and its distal
end, forming the trochlea,
articulates with the radius
and ulna. In front of the
head there is the bicipital
. groove for the insertion
of the tendon of the biceps
muscle. On the inner side
of the groove there is the
lesser tuberosity and on
its outer side is the greater
tuberosity. Immediately
above the throchlea are a
pair of depressions or fossae,
the supratrochlear fos-
sae, which communicate
with each other by the
supratrochlear foramen,
for the reception of the
olecranon process of the
ulna. : ‘

~— The radids and ulna
support the fore-arm, the
former being the preaxial
and the shorter. Both abut
against each other by their
curved shafts. The ulna has
a long olecramon pocess.
Proximally, the two bones
articulate with the trochlea
of the humerus and distally
with the bones of the carpus.

— The carpus consists
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of g pieces : a proximal row
of 3 pieces, a radiale
(scaphoid) articulates with
the radius, an interme-
dium (lunar) and an
ulnare (cuneiformf arti-
culates with the ulna; a
centrale in the centre; and
a distal row of 4 pieces,
the first carpale (trape-
zium), 2nd carpale
(trapezoid), 3rd carpale
(os magnum) and the
fused 4th and 5th carpalia
(unciform). Note the pre-
sence of a small bone, the
pisiform, on the posterior
surface of the carpus. It
articulates with the ulna
and ulnare.

The metacarpus con-
sists of 5 metacarpalia.

The digits have a digital
formula 2:3:3:3:3.

— Draw.

— The Pelvic Girdle
and Hind-limbs.
* The pelvic girdle con-
sists of two halves, each
called the os innominate,
articulating ventrally in the
pubic symphysis. Note
that the os innominate con-
sists of an antero-dorsal
large ilium which arti-
culates with the first sacral
vertebra, a postero-dorsal
ischium, and a ventral
small os pubis; the last
two are separated by a
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large obturator foramen.
The three bones share in
the formation of a
cup-shaped depression, the
acetabulum, for the recep-
tion of the head of the
femur. The part of the
acetabulum formed by the
os pubis ossifies separetely
and is known as the coty-
loid bone.

The hind-limb, like the
fore-limb, is built up of
several regions on the usual
pentadactyle plan, each
supported by the usual
bones. These are :

— The femur supports
the thigh, and is more
cylindrical than the hume-
rus. Its proximal end bears
the head, to the outer side
of which is the greater
trochanter. Below the
head there is the lesser
trochanter, opposite to
which, on the outer side,
there is  the third
trochanter. The distal end
of the femur bears two
condyles, which are sepa-
rated by the intercondylar
notch, and serve for the
articulation with the tibia
and fibula.

The knee joint has a
sesamoid bone, the patella,
on its ventral face.

— The tibia and fibula
support the shank, and are
fused together along their
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greater length forming a
tibio-fibula. The tibia is
the stronger and preaxial
and is marked by the pro-
minent cnemial crest.

— The tarsus consists
of 6 pieces arranged in
three rows : a proximal
row of 2 pieces, the astra-
galus (tibiale and inter-
medium fused together)for
the articulation with the
tibia, and the calcaneum
(fibulare) for the articula-
tion with the fibula. The
second row contains a single
bone, the centrale (navi-
cular) in the centre. The
distal row isof g pieces, the
ond tarsale (meso-cunei-
form), the 3rd tarsale
(ecto-cuneiform), and the
fused 4th and 5th tarsalia
(cuboid).

The metatarsus con-
sists of 4 metatarsalia.

The digits have a digital
formula 0:3:3:3:3.

— Draw.

— Now, as you have dis-
sected the rabbit, review
the characteristic features of
its, (1) class, and of its (2)
order.

— What are the main
features that the rabbit
shares with all the other
vertebrate types you have
dissected ?
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