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L THE EXTERNAL
FEATURES

A. Note in the living toad:
— General body colour
(adaptive colouration).

— Absence of neck{inherit-
ed character from fish-like
ancestors).

-~Absence of tail.(the toad
belongs to the tail-less
Amphibia — the Anura).

—Longer hind- than fore-
limbs (the toad hops and
leaps).

— Eyes are bulging (so can
“‘cover’’ a bigger area of the
surroundings).

—Up and down move-
ments of the floor of the
buccal cavity (a respiratory
movement).

— Distinguish the sexes by
the colour of the subgular
area; being black in the
male, whitish in the female

(secondary sexual character).

— Make a drawing of the
lateral aspect of the toad.

B. Examine the specimen
provided and note :

— The body surface,
which is roughened by the
presence of small protu-
berances or warts, especial-
ly on the back. The skin
also sticks due to the pre-
sence on it of a mucous
secretion which keeps the
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body moist (to preserve the
skin from desiccation), No
scales or any dermal pro-
tection is present.

—The head, which is
triangular but blunt, is
dorso-ventrally compressed
and terminates in a wide
and edentulous mouth.

— The external nares or
nostrils, which are two
small openings lying near
the anterior tip of the head.

—The eyes, which are
guarded each by two eye-
lid s, an immovable up per,
and a semi-transparent
movable lower eyelid, for-
med of a lower eyelid pro-
per below,and a nictitating
membrane above. Note
the colour of the iris
(golden yellow)in the centre
of which the eye-pupil is
found. Note also the sclero-
tic or “white of the eye”.
The front of the eyeball 1s
covered by a transparent
cornea and this by another
transparent delicate mem-
brane, the conjunctiva,
which fastens the eyeball
to the eyelids.

—The tympanic mem-
brane or ear~-drum, which
is a more or less circular
area found posterior to each
eye. It is the external
boundary of the middle
ear; an external ear as is
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characteristic of mammals
is entirely absent,

— The parotoid gland, is
indicated by an elevated
area of the skin found just
dorsal and posterior to each
tympanic membrane. Press
it gently. A milk-white
viscid substance comes out
of it. The gland is an
aggregation of poisonous
glands in this area.

— Make a labelled drawing of
the head.

— The trunk, is compact
and divided into thorax
and abdomen; the uro~
style protrudes at its
posterior end. Identify in
the living animal a pulsating
area on each side of the

urostyle indicating the posi- *

tion of a lymph heart.
Note the cloacal opening
at the posterior end of the
trunk.

—The limbs, are two
pairs,pentadactlye and buiit
up on the same plan; each
consisting of three regions :
proximal, intermediate and
distal.

— The fore-limb, is form-
ed of : the brachium,
antebrachium and
manus, The last consists of
the carpus, metacarpus
and digits (4 in number).
Look out for two horny
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pads on the ventral sur-
face of the hand (take the
shock on alighting on the
ground after each leap).
— The hind-limb,is built
up of : the femur,
crus and pes. The last
consists of the tarsus,
metatarsus and digits
(6 in number, by the add-
ifion of a small preaxial
extra digit — the pre-
hallux or calcar). Note the
presence of a web, uniting
the tocs together.

— Draw the limbs showing
details of their various regions.

What are in your opinion
the principal external fea-
tures of the toad adaptive
to its environment and
mode of life ?
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II. THE BUCCOPHARY-
NGEAL CAVITY

Open the toad’s mouth as
much as you can, and look
out for the details in figure 4.

Pass a probe through the
external to the internal
nostril and another through
the opening of Eusta-
chian tube to perforate
the ear-drum. The pressure
in the tube equalises the
pressure falling on the ear-
drum.

Note, in the male only,
the presence of the vocal
sac with its two openings
into the mouth. Dissect it
from the outside by cutting
off the skin of the subgular
area.

Gently pull the tongue
forward, and sec that the
glottis is surrounded by
two arytenoid cartilages.

— Draw the buccopharyng-

eal cavity showing its various
parts.
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II. THE VENTRAL
SUPERFICIAL MUSCLES

Instructions for dissection :

* Lay the toad on its back in a
dissecting dish.Pin its limbs down
and presson the pins with the base
of the forceps. Using the forceps,
pinch the skin between the thighs
in the region of the pubic symphy-
sis and make a small opening with
the scissors.See that a clear trans-
parent fluid oozes out from below
the skin. This is lymph. Make a
mid-ventral incision up to the
symphysis mentis, then along each
limb. Pull the skin cutwards and
pin its flaps down to the dish (sce
fig. 5). Wash the toad with water.
Add water to the dish till the
toad becomes completely sub-
merged in it.

As you cut the skin and
reflect it, the muscula: Zody
wall is exposed. This 1s built
up of a great number of
voluntary muscles attached
to the skeleton, hence called
the skeletal muscles, They
move its various parts, These
muscles form what we call
in ordinary language “the

flesh”’. Note that these mus-
cles are covered with thin
membrane called thefascia.
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Identify some of the
muscles on the ventral sur-
face of the buccal cavity,
thorax, abdomen, thigh and
shank and compare them
with figure 7.

Examine any muscle
of these and note that it
consists of numerous fibres
which run in one direction
{except when the muscle
consists of several parts,such
as the pectoralis muscle).
When a muscle contracts,
it does so along the direct-
ion of its fibres. Thus the
muscle performs one action
by moving a certain part of
the body towards another
in the direction of its fibres.

Note that the muscle has
two heads, one lies near to
the median axis of the body,
and is called the origin of
the muscle, while the other
is away from that axis, and
is called the insertion of
the muscle. The origin is
more fixed thanthe insert-
ion which moves. The origin
or insertion of the muscle, or
both, may be a tendon.

To understand the above
features, try to apply them
to a strong muscle like the
gastrocnemius. The origin
of this muscle lies on the
posterior (distal) part of the
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femur and the anterior | pro-
ximal) part of the tibio-
fibula. TIts fibres extend
backwards to form the belly
which lies along the back of
the shank, forming its calf,
while the insertion is a
distinct glittering tendon —
the tendo achillis. This
tendon passes along the
dorsal surface of the foot,
and is inserted by branching
fascia on the digits of the
foot. Pull the tendo achillis
with the forceps towards
the belly of the muscle and
see that this movement
extends the foot. It is
necessary for the living toad
when leaping.

Any action carried out by
a muscle is counteracted by
a reaction to be performed
by another muscle, called
the antagonistic action.
In the previous example,
the tibialis anticus flexes
the foot. Identify the origin
of this muscle on the ventral
surface of the anterior
{proximal) part of the tibio-
fibula, and find out that it
extends along the postaxial
side of the shank. The
insertion is a double tendon
on the ventral surface of the
astragalus and calcan¢um.
Pull the tendon of the mus-
cle, as you did with the
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gastrocnemius, and see that
it flexes the foot (antagonis-
tic to the gastrocnemius).

— Make a drawing to show
the ventral superficial muscles of
the body. In another drawing,
show the delails of structure of
the gastrocnemius muscle.

Write an account of
the general morphology of
the skeletal muscles and the
part which they play in
locomotion.
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IV. THE GENERAL
VISCERA

Instruciions for dissection:

* After you have examined the
muscles, proceed to open the
abdominal cavity. Pinch the right
rectus abdominis muscle at (a}, a
little to the lefi-hand side of the
linea alba, through which you can
sce the anterior abdominal
vein (see fig. 8). Cut through the
abdominal wall in the direction of
the arrow (1) till you reach the
xiphoid caxtilage and the pect-
oral girdle. Cut through them
till you reach (b), but be careful
not to injure the heart.

* Turn the dissecting dish 180°
so that the toad’s head comes to
lie opposite to you. Cut the right
portion of the abdominal wall in
the direction of the arrow (2) and
remove it away. Then cut the left
portion of that wall in the direct-
ionof thearrow (3), but note that
the anterior abdominal vein is
attached to the abdominal wall
“below’’ the linea alba by a thin
membrane. Separate the vein
carefully by cutting through this
membrane (see fig. g).

* Ligature the anterior abdo-
minal vein near to the thighs, and
at its entrance into the liver, then
cut it between the two ties.
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* Expose the cleoaca, first by
feeling the position of the pubic
symphysis, cut its pointed edge,
then insert the scalpel on it, and
press it vertically so as to separate
the two halves of the pelvic girdle
(see fig. 17). Thus you have
exposed the cloaca. Pull eut the
hind-limbs, and sever the muscles
of the pelvis so as to free the
cloaca.

" Examine the general vi-
scera and note that they
are connected with each
other by thin membranes —
the mesenteries. Make a
preliminary identification
of : the lungs, heart
(probably still pulsating),
liver, gall-bladder, sto-
mach, intestine, spleen,
kidneys, fat — bodies,
testes in the male, or
ovaries and oviducts

in the female, wurinary
bladder.

— Make a labelled drawing
of the general viscera.

How are the organs
arranged and fixed to each
other and to the body wall
in the general body cavity ?
(Look at fig. 23).
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V. THE DIGESTIVE
SYSTEM

The inlet of this system is
the mouth opening, and
its outlet is the ecloacal
aperture. Follow the sys-
tem between the two open-
ings and note :

— The mouth opening
leads to the buccal cavity
which is edentulous, and
indistinct from the phary-
ngeal cavity; both forming
a single buccopharyngeal
cavity which you have
already examined.

— The buccopharyngeal
cavity leads to the oesopha-
gus. This is cylindrical,
short{becausc of the absence
of the neck region) and
opens into the stomach.
Lift the left lung and the
liver forwards in order to
expose the oesophagus.

-— The stomach,is a
muscular curved sac which
lies in the left side of the
abdominal cavity. It has
two ends : a cardiac, into
which the oesophagus opens,
and a pyloric end, which
leads into the intestine.

— The intestine, is long
and differentiated into the
small intestine and large
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intestine. Seec that the
small intestine consists of
the duodenum (forms with
the stomach a U-shaped
loop embracing the pan-
creas) and the ileum
(thrown up into several
loops bound by mesenteries).
The large intestine is short,
straight and consists of only
the rectum. This is wider
than the ileum and extends
backwards to open into the
cloaca.

Identify the following ac-
cessory glands connected
with the digestive system :

— The Liver, is large,
dark red in colour, and
consists of two lobes con-
nected by an isthmus; the
lefi lobe is cleft and larger
than the right one. The
gall-bladder lies between
the two lobes, posterior to
the isthmus. Follow the
hepatic and cystic ducts
as they collect from the
liver and gall-bladder to
form the commeon bile
duct. This pierces the pan-
creas, and accompanies the
pancreatic duct to open
with it into the ducdenum,
by & very short common
hepato-pancreatic duct
near to the pyloric end of
the stomach.

<« 34

¢ e GV WY oS
U JSC e 43 3l e S ol
C (S Bl a)
add - Catle 4ag d'ﬁlﬁ.lh (.:
Wi L Gldl dlen ol ue
o S Gpaid il sbea¥)
S oo ptl g2y ¢ L gl
g o losizon G 3] 2
gt

et Dselll 25V suall s
HPNEEY

e 308 2 t.\,ﬂl —
¢ ead e S Ol 28T
R ST
B N Sl G
v BN Ol &glaall Ao
SR a5 L 5l Calst el
goms (2 deoHl sl Busdl
05 & ghyinalt oy ly 2 S e
Gt cpilt gldall g8
G ey o S
Oty ¢ Tan Ol 25 ol Sl
S g e S e
o L ¢ e o S
KPSV A PRI R BV

v



— The pancreas, lies
between the stomach and
the duodenum. It is much
smaller than the liver, pale
yellowish cream in colour.
Its posterior part is divided
into two lobes, a dorsal
lobe to the left and a
ventral lobe to the right
side, each of which in turn
is cleft.

Make a preliminary iden-
tification of the blood vessels
connected with the digestive
systein.

Unravel the ileum by
cutting with your scissors
the mesenteries holding its
loops. Keep in position the
U-shaped loop formed by
the stomach and the duo-
denum, so as not to damage
the pancreas.

— Turn the liver and the
heart forwards, and make a
labelled drawing of your dis-
section showing the digestive
system.

Cut off the alimentary
canal from the oesophagus
to the cloaca. Slit open it
longitudinally and wash
away its contents with water.
Measure the intestine and
find out its length in propor-
tion to that of the body.
Examine the mucous mem-
brane lining the different
regions of the canal.
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VL THE URINO-
GENITAL SYSTEM

Instructions for dissection:

* Open the toad in the usual way,
as you did in the previous lessons.
Separate the anterior abdominal
vein, tie it at both ends and cut it
in between,

¥ Try to separate the alimentary
canal from the neighbouring
organs by cutting the mesenteries
which connect them with one
another, then tie the rectum near
to its connection with the ileum
and remove the rest of the
alimentary canal up to the
oesophagus.

* Cut with the help of the scalpel
through the pubic symphysis, be-
tween the two thighs, in order to
expose the cloaca, as you did in
the previous lesson.

A—THE URINARY
(RENAL) SYSTEM

Identify the kidneys and
note their position in relat-
ion to the body cavity.
Also note that a thin mem-
brane separates them off
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from the secondary body
cavity {or coelom). This
membrane is the ventral
wall of an internal lymph
sac — the cisterna magna.

Note that each kidney is
elongated and dark red in
colour. Its median edge is
lobulated, while its lateral
edge is straight or gently
curved to the inside. Identify
a broad irregular yellow
patch on the ventral surface
of each kidney. This is the
adrenal gland. It is a
gland of internal secretion,
or ductless gland.

Identify the Wolffian
duct. Note that it extends
backwards from the lateral
edge of the kidney, then
swells up either largely or
gently according to the sex
of your specimen, and final-
ly opens on the dorsal side
of the cloaca, near to its
fellow of the other side.

Identify the urinary
bladder and note that it is
a thin-walled bilobed sac;
each lobe is connected by a
dorsal mesentery to the
dorsal body wall. Cut off
this mesentery to loosen the
lobes of the bladder. This
enables you to follow its
opening into the cloaca
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later on. This opening lies
posterior to the openings of
the two Wolffian ducts, but
on the ventral side of the
cloaca (ne direct connection
extsts between the bladder and
the Wolffian ducts).

Try to make a preli-
minary identification of the
blood vessels connected with
the kidneys, both from the
median and lateral sides.

B - THE MALE GENITAL
SYSTEM

Identify the two testes,
as two elongated bodies,
yellowish white in colour.
Each testis is connected to
the median edge of the op-
posite kidney by a thin
membrane called the mes-
orchium. Try to hold one
of the testes with your
fingers, but do not use the forceps,
Jor these split up the testis. On
pulling it towards vyou,
then you would see a num-
ber of fine tubes leading
from the testis to the kidney.
These  are the wvasa
efferentia.

Follow the Wolffian duct
and note that it is largely
swollen to form the vesi-
cula seminalis. Thus this
duct acts as a urinary and
at the same time as a genital
duct. Try to cut the mesen-
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teries which attach the two
Wolffian ducts together and
connect them with the
rectum. This would faci-
litate the examination of
their openings into the
cloaca. ‘

Note that each of the two
testes 1s connected anterior-
ly to a fat-body. In be-
tween the two lies a small
pale brown body - the
Bidder’s organ.

How do the spermatozoa
reach the outside ? Try to
find out the answer to this
question.

— Make a drawing of the
urinogential system of the male
toad from your own disseclion.
Ldentify the different parts.

The proportions here are of
paramount importance.

C — THE FEMALE GENITAL
SYSTEM

Note that this system con-
sists of two evaries and two
oviducts, and that the
ovary is a large organ which
occupiesa considerable space
in the coelom, particularly
during the breeding scason.
It is blackish in colour,gra-
nulated and lobulated, and
contains a multitude of ova
at different stages of ma-

<—40

ooE Ol plesy - . 3
Waliy g, i gl & L
pitell el o1liS; ST
R e T LY
. Gyl

Ot e M 01 LaY
@3 et pLYI el
R T
C ok pd8 g e Ol

il DUl s Cas”
de o O ol ¢ 2510 )
el Jisd Vs

Jodl Sleall M el
e 250 Siliedi 6 fl
et e Je ¥ Oy

. Syad AAl Old

d..ul.l.i“ u.i_'lfw g -
o S Sl o ey

ot Oy ¢ 2l L) Caeds
el GTaS T Jays 18
2z b 8 dslz g
e G ¢ reads (F g
S & e e AT sue
LY ooz o gt oo iz

§



A 3Ll Adeshld dmzdl

Internal opening of oviduct

t-9-’{‘ FX (S'AJJ] f....L_I
right Jung

tat-body

& .
4 gae
Bidder’s organ

FI A

right ovary

a)
ad it 4
oviduct W
S

right kidney

el e

g gy
Wolffian duct
U o suzlt
adrenal gland
Al S
Qvisac =]

St
(o anind)

left avary

{in natural posttion)

Sl

cloaca
Bl dagzp
cloacal aperture

N et Lo s G
FIG. 12 - FEMALE URINOGENITAL SYSTEM
(AW 525 LU daf diy)

(the two sides have been separated)

Ly B
urinary bladder



turity.  Note that it is
connected to the opposite
kidney by a thin membrane
called the mesovarium.

An oviduct is a long tube,
opening into the body cavity
by an internal opening near
to the base of the lung cf its
side. Follow it, to see that
it continues backwards as a
convoluted tube where it
swells up, opposite to the
posterior third of the kid-
ney, to form the ovisac,
This sac extends blindly
forwards, and backwards to
unite with its fellow of the
opposite side. The two
united ovisacs open to-
gether by a common open-
ing into the dorsal side of
the cloaca, a little in front
of the openings of the two
Wolffian ducts.

Note that the Wolffian
ducts extend backwards
dorsal to the ovisacs, each
of them swells up but gently,
not to the extent found in
the male. Carefully cut
through the mesenteries
which connect the ovisacs

with the rectum and sepa-
rate the Wolffian ducts
from the ovisacs, so as to
examine more easily these
organs and their openings
into the cloaca.
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Note the presence of the
two fat-bodies and the
two Bidder’s organs, each
having the same relations
with the ovary as with the
testis.

How do the eggs reach
the outside from the
ovaries ? Undoubtedly you
have noticed here that the
Wolffian duct is entirely
urinary, and that the ovi-
duct serves to transfer the
ova, but how ?

Re-examine the oviduct,
feel it with your fingers and
note that it is thick-walled
and narrow, while the
ovisac is, on the contrary,
thin-walled and capacious.
The reason for this is that
the oviduct contains nume-
rous glands in its walls
which secrete a gelatinous
substance around the eggs
as they pass down, while
the thin wall of the ovisac
enables it to be distended
when congested with eggs.

— Make a labelled drawing
of the urinogenital organs of the
female toad from your own
dissection. Draw the parts in
the correct proportions.
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D - THE CLOACA

Try to identify the right
positions of the openings of
the urinary and genital
ducts, the rectum and the
urinary bladder into the
cloaca, as well as their inter-
relations in both of the
male and the female. Cut
open the cloaca and pass a
bristle from the horse’s tail
into the Wolffian duct, the
common opening of the
ovisacs and the opening of
the urinary bladder.

You can detach the
cloaca from the skin by
cutting it close to the
cloacal sphincter, then
lift it up towards vou to
see the positions of the ducts
from the dorsal side.

— Make a series of draw-
ings of the cloaca as seen
Srom different aspects.
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VII. THE CIRCULAT-
ORY SYSTEM

You have encountered,
on dissecting the different
systems of the toad, several
vessels full of blood in
various parts of the body.
These blood vessels are of
two kinds : arteries and
veins. It is not easy to
distinguish between them
in dissection. However, you
can, in a general way,
distinguish the artery from
the vein, by three different
criteria. Firstly, an artery is
centrifugal (passes out
from the heart), while the
vein 1s centripetal (runs
towards the heart). Second-
ly, the artery is thicker-
walled, appears generally
paler in colour and is more
elastic than the vein. Lastly,
when an artery and a vein
are present in one place, as
they often do, then the
vein usually lies nearer to
the outer surface than the
artery.

The heart acts as a force-
pump pushing the blood
into the various arteries,
which form the elements of
the arterial system. The
arteries divide and subdi-
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vide into a system of
arterioles and minute
arterial capillaries in the
body tissues. From these
tissues, the blood is col-
lected by a system of
venous capillaries and
venules and conveyed
back to the heart by way
of the veins, which form
the venous system. Two
subdivisions are different-
iated into this system
a) Some of the veins return
the blood from_the tissues
to the heart directly, and
these form what is called
the venous system pro-
per. b) Other veins pass the
blood, which is collected
from the tissues, first to the
liver or the kidney (into
which organs they branch
once again into a system of
capillaries ) before it is
conveyed to the heart. Such
veins form the venous
portal system.

There is also the lymph- .

atic system which collects
the lymph (formed original-
ly from the blood in the
body tissues by filtration)
and pours it into some veins.
This system complements,
with the blood system, the
vascular or circulatory
system.

The dissection of the circ-
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ulatory system requires care
and precision; it 1s a mea-
sure of the student’s skill,
However, one should not
exaggerate the difliculty of
its dissection, If the student
follows the instructions
given here, he ought to be
able to dissect the blood
vessels clearly. It should
be born in mind that the
student would not be able
to master the dissection
in so short a time as that
devoted in the laboratory
for this study. He must
practice dissection whenever his
time allows.

A - THE HEART

Note that the heart lies
in an anterior compartment
of the coelom — the
pericardial cavity. It is
surrounded by a thin mem-
brane — the pericardium.

It often happens, in
freshly killed toads, to find
the heart still beating. Count
the number of times the
heart contracts per minute.
These are the beart beats.
A heart beat comprises a
wave of contraction called
the systole,followed by a
pause of rest or relaxation
called the diastole.
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* In order to examine the heart
preliminarily, hold the peri-
cardium from behind with the
forceps and cut a small piece of
it with the scissors., From this
window, proceed cutting the peri-
cardinm forwards till you reach
the origin of the large vessels; the
heart will protrude out of its
membrane. Try with great care
to remove the pericardium from
around the heart, by cutting it
off on both sides of the heart. The
safest way to do this is to hold
the right part of the pericardium
with the forceps in your left hand,
the scissors in your right hand,
then shift the heart forwards with
your left little finger and cut off
the pericardium on this side.
Repeat on the left side.

Note that the heart con-
sists of five chambers, only
four of which show on either
the ventral or the dorsal
aspect isee fig. 20). These
are : the ventricle, large
and muscular and occupies
the posterior region of the
heart; and the two auricles,
right and left, are thin-
ner-walled and darker in
colour than the ventricle.
Note the presence of a
girdle of fat between the
auricles and the ventricle.
The fourth chamber, the
truncus arteriosus, only
appears from the ventral
side and opens into the right
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side of the ventricle, thus
covering part of the right
auricle. The fifth chamber
is the sinus venosus which
lies dorsally. Lift the vent-
ricle forward to see it as a
triangular chamber con-
cealing part of the right
auricle. It receives three
principal veins — the venae
cavae — two anterior,
right and left, and one
posterior vena cava. Note
that the left auricle receives
two pulmonary veins,
and the truncus arteriosus
gives off three pairs of
aortic arches in two
groups, each group consis-
ting of the carotid arch,
the systemic arch and the
pulmocutaneous arch.

— Make drawings of the
heart and the blood vessels con-
necled with it as seen from the
ventral and dorsal aspects.
Label the parts.

Defer the dissection of the

heart to a later step (p. 69g).

B - THE VENOUS SYSTEM
PROPER

Instructions for dissection:

* Pin the toad down to the dis-
secting dish and cut through its
skin in the usual way{see page 25).
Take care not to pull unduly the
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skin covering the thorax to the
outside, s0 as not to damage the
musculocutaneous vein. Some of
the tributaries of this vein extend
along the skin in this region.

* Before cutting thiough the
ventral ahdominal wall, remove
the pectoralis posterior muscle on
each side. Cut each at its anterior
head, then pull it carefully back-
wards till you remove it com-
pletely (see fig. 13). In this way,
the musculocutaneous vein, which
runs “‘below’ this muscle, 1s
exposed. You can also see the
point where it joins the brachial
vein. Note that a small fat-body
lies near to the place of union of
these two veins. Try to remove
this fat-body carefully.

* Cut through the muscular ab-
dominal wall in the usual way
(seep. 30) ,separate the anterior
abdominal vein, tie it at both ends
and cut it in hetween.

* Remove the pericardium, by
the way shown in p. 48.

* Try to separate the alimentary
the neighbouring
organs by cutting the mesenteries
connecting them, then cut the
canal and remove it away from
the cesophagus to the rectum.

canal from

* Try carefully to remove the
fascia that covers the veins in the
axillary region in order to expose
the veins which unite to form one
of the two anterior venae cavae,
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This requires great care, 50 as to
avoid damaging these vessels. The
success of your dissection depends
largely on this step.

* If the provided specimen is a
female, remove one of the ovaries
to facilitate the examination of
the posterior vena cava.

The venous system
proper consists principally
of three venae cavae, col-
lecting blood from various
parts of the body; two
anterior venae cavae, right
and left, and one posterior
vena cava; and of two
pulmonary veins which col-
lect blood from the lungs.
The venae cavae pour 1L..io
the sinus venosus, while the
pulmonary wveins into the
left auricle.

Follow these veins from
the heart outwards :

1. The Left (or Right)
Anterior Vena Cava :

Trace it from the sinus
venosus,to see that it consists
of three veins which are
(from in front backwards, :

(a) The external jugulax
vein, which 1s formed of :

'— The lingual vein, is
a small vign which collects
blood from the tongue and
the floor of the mouth.
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-- The faciomandibul-
ar vein, 1s larger, and col-
lects blood from the lower
jaw and the lateral side of
the floor of the mouth. Cut
off the membranes con-
necting the left fore-limb
with the lower jaw to expose
the full course of the vein.

The two veins unite to
form the external jugular
vein, and at the point of
their union a slender muscle
is found. This should be
removed away to expose
the junction point.

(b) The innominate
vein, which is formed of :

— The internal jugular
vein, which collects blood
form the brain, leaves the
skull through a foramen and
then appears in the region
between the axilla and the
lower jaw.

— The  subscapular

vein, which collects blood
from the shoulder.

(c) The subclavian
vein, which is formed of :

— The brachial vein,
which is large and collects
blood from the fore-limb.
Try to cut off some of the
muscles of the upper arm
attached to the humerus, to
expose this vein.
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— The musculocuta-~
neous vein. This is a large
vein formed of a great
number of tributaries, as
you have already noticed
on dissecting the vein from
the exterior. It collects
blood from the skin and
the muscles lying on either
side of the body.

Note that the three prin-
cipal veins meet at a point
to form the left anterior
vena cava, but the innom-
inate vein lies in a plane
dorsal to that of the external
jugular and the subclavian
veins.

Repeat the same steps
with the right anterior vena
cava to gain more practice.
2. The Posterior Vena

Cava :

- Follow the posterior
vena cava from between the
kidneys to see that it is
formed of five pairs of renal
veins collecting blood from
the kidneys. You have to
remove away the wall of
the cisterna magna and
insert two pins down in the
uissecting dish opposite to
each other, in between the
two kidneys, so as to display
well the veins of this region.

— Identify the gemital
veins which, together with
the renal veins, are not
constant in arrangement.
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Usually there are two
genital veins on each side
(spermatic in the male, or
ovarian in the female).
They unite, one with the
anterior renal vein, and the
other with the penultimate
renal vein. Note that the
blood from each of the two
fat-bodies is collected by a
fat-body vein which joins
the right anterior renal vein.,

— On leaving the region
of the kidneys, the posterior
vena cava proceeds for-
wards till the liver and
pierces it.Soon after it leaves
the liver, the vein receives
from it two large hepatic
veins, then pours immedia-
tely into the sinus venosus.

3. The Pulmonary Veins:

It remains for you to see
the two pulmonary veins,
which open into the left au-
ricle. Pull out the two lungs
and pin them down to the
dissecting dish, to see that
each lung is drained by a
pulmonary vein which runs
towards the heart. The two
pulmonary veins unite one
with the other,in the wall of
the left auricle, and open
by a smgle opening into
this chamber.

- Draw the venous system
proper, and label every vein.
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C-THE VENOUS PORTAL
STSTEM

Instructions for dissection:

* Dissect the toad in the usual
way. Separate the anterior ab-
dominai vein and keepit intact;
do not cut it as you did in the
previous lessons, Note that the
anterior abdominal vein is formed
by the union of two pelvic veins
which lie in the anterior part of
the pelvis (they are not the hwo small
vewns lying on the ventral surface of the
thighs). Try to separate the two
pelvic veins from the thigh
muscles by gently pulling the
anterior abdominal vein forwards
and cutting through the thin
membrane which connects them
to these muscles.

* Remove the pericardium from
around the heart

* Tie the rectum near to the
cloaca and to its junction with the
ilenm, and cut the part in
between.

* Remove away the vastus in-
ternus muscle which lies on the
outer side of the thigh. Cut it
first near its posterior tendon, pull
it gently outward (thus the fem-
oral vein is exposed) then cut it
with great care at its anterior
origin, and get rid of it (see fig.
16).
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* Using the scalpel, cut through
the pubic symphysis between the
two thighs in order to expose the
cloaca and the two sciatic veins.
* Remove the wall of the cisterna
magna, and separate the urinary
bladder from the dorsal body wall
by cutting the mesenteries con-
necting them.
* Carefully remove the gall-
bladder.

Note that the wvenous
portal system is composed
of two portal systems :

1. The renal portal
system, which is formed
(on each side) of :

{a) The femoral vein,
which you must have seen
when you removed the
vastus internus muscle. It
collects blood from the
hind-limb and divides into:

—- The extermal iliac
vein, which lies in the body
cavity.

-- The pelvic vein,
which unites with its fellow
of the opposite side form-
ing the anterior abdominal
vein.

(b) The sciatic wvein,
which lies on the dorsal side
of the thigh, and is internal
to, and smaller than, the
femoral vein. It collects
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blood from the dorsal region
of the thigh.

(c) Thesciatic vein unites
with the external iliac vein
to form the renal portal
vein, which runs forwards
towards the kidney, and
continues along its lateral
border where it receives
from the lumbar region
three or four dorsolumbar
veins (the arrangement of
which varies from specimen
to specimen). The renal
portal vein ends in the
kidney where it breaks down
into a system of capillaries
that recombine to form the
renal veins. Thus this vein
is a portal vein, since it
begins in the hind-limb by
a system of capillaries and
ends in the kidney by an-
other system of capillaries.

(d) The two pelvic veins
unite to form the anterior
abdominal vein which
runs along the mid-ventral
line till it unites with the
hepatic portal vein. In its
way it receives :

— A vesical vein, from
the urinary bladder.

— Parietal veins (3-4
pairs), which drain the
ventral abdominal wall and
extend in the tendinous
intersections of the two recti
abdomines muscles. Inevi-
tably, they have been cut
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off on opening the ab-
dominal wall. Identify them
in another specimen before
you open the abdomen.

2. The hepatic portal
system, which is formed of:

The hepatic portal vein.
which is formed of several
tributaries from the ali-
mentary canal and the
spleen. These are :

— The gastric vein,
from the stomach.

— The splenic vein,
from the spleen.

— The intestinal vein,
from the intestine.

The tributaries of these
veins appear on the outer
surface of the alimentary
canal and in the mes-
enteries.

The hepatic portal vein
pierces the pancreas and
then ultimately unites with
the anterior abdominal ve'n
to form an extremely short
trunk, which divides into
three branches,two of which
enter the left lobe, and the
third enters the right lobe
of the liver. It is a portal
vein because it starts with
a system of capillaries in
the alimentary canal and
splecn and ends in the liver
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with another system of
capillaries, which recom-
bine to form the two hepatic
veins.

— Draw the venous portal
system and label the veins.

What is the difference
between a portal vein and
an ordinary or proper vein?
Give examples.
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D — THE ARTERIAL
SYSTEM

You have already noted
that arteries lie deeper than
veins, and since you dissect
the toad from the ventral
side, so most of the blood
vessels which you see for the
first while are the wveins;
they veil the arteries‘‘under-
neath’”’. Therefore, you
must remove away these
veins in order to expose
the arteries.

Instructons for dissection:

* Dissect the toad in the usual
way. Scparate the anterior ab-
dominal vein, tie it at both ends
and cut it in between.

* Remove the pericardium.

* Keep all the alimentary canal
and its mesenteries intact; only
shift it to the lefi-hand side (i.e.
to the right of the toad) and pin
it down to the dissecting dish.

* Tie one of the anterior venae
cavae, preferably the left one,
near to the sinus venosus, in the
following way : First hold the
ventricle with your left hand to
lift the heart vertically. You will
see the anterior vena cava on the
dorsal side of the heart, crossing
“‘over’’ the three aortic arches of
the same side, which arise from
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the truncus arteriosus on the
ventral side of the heart. A small
triangle is thus formed between
those vessels and the heart.
Prepare a fine thread and lay it
down over this triangle, then pass
a fine pointed forceps below the
vena cava into the triangle. Catch
hold of one end of this thread
with it and pull it back(see fig.1g).
In this way you succeed in passing
the thread ‘‘below” that vena
cava, thence you can easily tie it.
Cut the vein a short distance
beyond the tie (to the outer side
of it) then remove away its
tributaries one by one with great
care; do not mix these tributaries
with the arteries ‘‘underneath’,
You can easily differentiate bet-
ween the two, since you have
already studied these veins; also
they are brighter in colour than
the arteries.

* With the help of the scalpel
cut through the pubic sympl.lysis
between the two thighs in order
to expose the cloaca and the ex-
tension of the two iliac arteries.
* Remove the wall of the cisterna
magna and separate the urinary
bladder from the dorsal body wall.
* Then try to follow the three
aortic arches, arising on either
side from the truncus arteriosus,
and their branches, especially in
the axillary region. Remove the
fascia and muscles around them
in order to expose well all of
their branches.
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You have seen that the
arteries which leave the
heart are three pairs of
aortic arches, coming out
from the truncus arteriosus
in two groups. Each group
consists of three arches ,
the carotid, the systemic,
and the pulmocutaneous
arches, bound together at
their bases by membrane,

Note the presence of a
small red body at the base
of the systemic and pulmo-
cutaneous arches. This is
the parathyroid gland,
an endocrine or ductless
gland.

Follow each of the aortic
arches and its branches to
the various organs of the
body:

1. The carotid arch,
passes  outwards, then
divides into :

(a) The lingual artery,
which passes inwards and
forwards to supply various
parts in the floor of the
mouth, notably the tongue.

(b) The carotid artery,
enters the cranium to supply
the brain. Note the presence
of a small swelling at the
point of issue of the carotid
artery. This is the carotid
labyrinth.
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2. The systemic arch,
is the largest of the three
arches. It extends lateral-
wards, then strongly curves
backwards to meet its fellow
of the opposite side, near to
the foreparts of the kidneys,
forming the dorsal aorta.
In its way, the systemic
arch gives off :

(a) The occipitoverte=
bral artery to the occiput
and the vertebral column.
It is a small artery. Turn
the oesophagus and the
systernic arch towards your
left-hand side to see it.

(b) The subclavian ar-
tery to the fore-limb. It
springs off from the systemic
arch close to the occipito-
vertebral artery and extends
straight to that limb.

(c) The oesophageal ar-
which is single, given

off from the left arch only.
It supplies the oesophagus.

As soon as the twosystem-
ic arches unite to form the
dorsal aorta, they give off
an important branch — the
coeliacomesenteric ar-
tery which divides into :

— The coeliac artery,
to the stomach, liver, pan-
creas and duodenum.

— The mesenteric ar-
tery,to the small and large
intestine and the spleen.
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The dorsal aorta then ex-
tends backwards between
the two kidneys, “‘beneath”
(i.e. dorsal to) the posterior
vena cava. In order that
you can see it clearly, turn
the right kidney over the
left and pull them gently
outwards. Now you will see
that the dorsal aorta gives
off a number of wurine-
genital arteries to the
kidneys, gonads and fat-
bodies. Neither the number
nor the arrangement of
these arteries is constant.

Usually, however, three
unpaired urinogenital ar-
teries leave the aorta

anteriorly (each then giving
off two branches), and two
separate urinogenital ar-
teries posteriorly.  Each
urinogenital artery gives off
a genital artery (sperm-
atic in the male or
ovarian in the female) and
a renal artery to the kid-
ney. The anterior genital
artery gives offa fat-body
artery to the fat-body.

On leaving the region of
the kidneys, the dorsal aorta
divides into two iliac arter-
ies, which lie dorsal to the
posterior portion of the
rectum. They extend into
the pelvis, each giving off
in its way a number of
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minor arteries and finally
ending in the hind-limb as
the sciatic artery. .

3. The pulmocutaneous
arch, is the smallest of the
three arches. It divides into:

(a) The cutaneous ar-
tery, which passes for-
wards and crosses ventral to
the systemic arch, then pa-
sses backwards to break up
into capillaries in the skin.

(b) The pulmonary ar-
tery, to the opposite lung

— Make g detailed drawing
of the arterial system, and label
the arteries.

E — THE DISSECTION
OF THE HEART

* Remove away the pericard-
ium (p. 48) and cut through the
chief blood vessels which leave or
pour into the heart near to their
bases. Take out the heart and lay
it in the dissecting dish with its
ventral side facing you.

* Cut longitudinally through
the wall of the ventricle up to the
girdle of fat, then transversely
parallel to this girdle for some
distance on cither side of the
longitudinal incision,

Note that the wall of
the vemtricle is very thick
and that it is raised intern-
ally into conspicuous colu-
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mns called the colummnae
carneae. To these are at-
tached short elastic cords,
the chordae tendineae,
connected to the auriculo-
ventricular valve guard-
ing the awuriculo-ventri-
cular opening which com-
municates the ventricle with
the two auricles. Note also
that this valve is formed of
four thin flaps fixed to
the edge of the opening. Of
these flaps two are large
horizontal, one ventral
and the other dorsal, and
two are lateral and much
smaller.  When the flaps
of the valve float on the
blood filling the ventricle,
thus tending to pass into
the auricles, the chordae
tendineae pull them back-
wards to the level of the
opening thus closing it and
the reflux of blood into the
auricles is prevented.

* Carefully make a longitudinal
incision through the truncus
arteriosus starting from its o1igin
at the ventricle.

Note that the truncus
arteriosus leaves the vent-
ricle on the right side of
its base. The opening of the
truncus is guarded by three
semilunar valves. These
are pocket-like, and when
filled with blood they be-
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come turgid, approach each
other and close the opening,
thus preventing the reflux
of blood into the ventricle.

Note the presence of a
spiral valve which tra-
verses the truncus obliquely
along its entire length. Note
that this valve is free vent-
rally and fixed dorsally to
the wall of the truncus.

Find out that the two
auricles are separated one
from the other by a vertical
partition — the inter-
auricular septum. Make
two longitudinal incisions
on the ventral walls of the
two auricles, close to and
parallel with that septum,
and turn over the flaps.
Note that the right auricle
is the larger. Note the sinu-
auricular opening bet-
ween the sinus venosus and
the right auricle. The
opening is guarded by two
sinu-guricular valves
which prevent the reflux of
blocd into the sinus.

— Make a drawing of the
dissected heart showing as much

as you can of its internal
structure.
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F - DEMONSTRATION OF
THE CIRCULATION OF THE
BLOOD

* Anaesthetize 2 toad with ether
but do not kill it. Prepare a
piece of cardboaid about 7 X
5 ¢cm and cut in it a window
about 1.5 X 1I.4cm. Make
notches in the cardboard opposite
three of the sides of the window.
Tie cotton threads on the toes
and fix them to the cardboard
through the notches. In this way
you stretch the web of the foot
which can be adjusted on the
open window, Place the board
and the toad on the microscope
stage and focus with the L.P,

Note the presence of
chromatophores in the skin
and a network of capillaries
through which the blood is
flowing at a great speed.
Youmay see the blood corp-
uscles as they are rolled
along the capillaries. Dif-
ferentiate the arterial and
venous capillaries by the
direction of the blood
stream. If the blood stream
slackens down, gently rub
the heart with your finger
and allow a cold stream of
water on the breast; these
will stimulate the circulat-
ion.
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G — THE STUDY OF THE
BLOOD VESSELS CONNECT-
ED WITH DIFFERENT SYS-
TEMS

You have practiced so far
to dissect the toad to show
a certain system as a whole.
In case of the circulatory
system you have learnt to
dissect any one of its sub-
systems. However, thereisa
method in dissection which
requires that an organ or an
organ-system be dissected
and the blood vessels going
to each or leaving it be
shown. Here are two
examples :

1. The digestive sys~
tem and the blood ves-
sels connected with it :

(a) The veins are :

— The faciomandibul-
ar and lingual veins,
from the buccopharyngeal
region.

— The hepatic portal
vein, from the stomach,
intestine and pancreas.
~The hepatic veins, from
the liver.

(b) The arteries are :

—- The lingual artery,

to the region of the mouth
and pharynx.

— The  oesophageal
artery, to the oesophagus.

— The coeliacomes-
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enteric artery, which
divides into :

— The coeliac artery,
to the stomach, liver, pan-
creas and duodenum.

— The mesenteric ar-
tery, to the intestine and
spleen.

— Make a darwing of the
digestive system and the blood
vessels connected with it.

2. The urinogenital
system and the blood
vessels connected with
it :

(a) The veins are:

— The remal veins,
from the kidneys.

— The genital veins,
from the gonads.

— The fat-body veins,
from the fat-bodies.

— The renal portal
veins, 0 the kidneys from
the posterior region.

— The wvesical vein,
from the urinary bladder.

(b) The arteries are:

— The renal arteries,
to the kidneys.

— The genital arteries,
to the gonads.

— The fat-body art-
eries, to the fat-bodies.

— Make a drawing of the
urinogenital system and the
blood vessels connected with it.
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You ought to understand
the connections of the blood
vessels which you have stu-
died,their interrelations and
their positions in the general
circulation. Attempt the fol-
lowing questions :

1. An erythrocyte found
in the spleen, what is the
shortest route that it ought
to follow to reach the
rectum ?

Sketch the route.

2. An erythrocyte found
in the wall of the urinary
bladder, what is the short-
est route for it to follow to
reach the brain ?

Sketch the route.

3. An erythrocyte found
in the wall of the lung, what
is the shortest route for it
to follow to reach the
hallux ?

Sketch the route.

You can answzar innumer-
able questions of this kind.
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VIII. THE RESPIRAT-
ORY SYSTEM & THE
HYOID APPARATUS

These are two entirely
different structures, the res-
piratory system being con-
cerned with  respiration,
while the hyoid apparatus
forms part of the skull.
However, the muscles con-
nected to the hyoid ap-
paratus act to lower and
raise the floor of the mouth,
thus forming part of the
respiratory movements. Not
only this, but also the hyoid
apparatus is originally part
of the skeleton of the hyoid
and branchial arches which
used to carry the respira-
tory organs (gills) mn the
fish-like ancestors of the
toad and all Amphibia
generally. This accounts for
studying them together.

The respiratory system in
terrestrial tetrapods prin-
cipally consists of the two
lungs and the air passage
leading to them. You have
already noticed the exter-
nal nares (or nostrils) in
the front part of the snout
which lead to the nasal
cavities, and these open by
the internal nares in the
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anterior part of the buccal
cavity. You bave also noted
the glottis in the floor of

the pharynx (see fig. 4).

Instructions for dissection:

* Open the toad in the usual
way.

* Remove away the general

viscera including the heart, but
keep the lungs in their places.
Follow either of them till you find
that it leads to the Iarymx (or
the laryngotracheal chamber)
which is a small triangular
chamber. Note that the larynx
lies between the two posterior
cornua of the hyoid apparatus.

* Remove carefully away all
the muscles that cover the hyoid

apparatus from below, till you
expose it well.

Note that the hyoid app-
aratus consists of a body
and two pairs of cornua
(two anterior and two
posterior). The anterior
cornua are the longer and
extend forward, curve
strongly backward and out-
ward, then forward again,
to become attached each to
the corresponding auditory
capsule of the skull. Note
the presence of two pairs of
processes projecting from
the body of the hyoid
apparatus  (two anterior
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alary processes and two
posterolateral processes).
Note also that the apparatus
is entirely cartilaginous, ex-
cept for the posterior cornua
which are largely bony.

Examine the larynx and
the glottis once again. The
latter is surrounded by two
cartilages, triangular in
shape —~ the arytenoid
cartilages — to which some
muscles are attached that
serve to open and close the

glottis,

Note the presence of an
unpaired cartilage posterior
to the arytenoids. This is the
cricoid cartilage, which is
ring-like and gives off back-
wards two pulmonary
processes, each supporting
the base of the corres-
ponding lung.

Open the larynx and see
the vocal cords. There are
two relatively thick cords —
the vocal cords proper —
and two other thinner ones
— the false vocal cords
which lie anterior to them.
A cartilaginous ball is
attached to each of the vocal
cords proper. It is milk-
white in colour, and larger
in the male than in the
female.

Carefully examine the
Iung; see that it is spongy
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and red-pink in colour.
Inflate it from the larynx
by a blowpipe; you would
find that it has a central
cavity and that from its
elastic wall protrudes a
pumber of trabeculae
which divide the central
cavity into alveoli.

—- Draw the hyoid apparaius
and the larynx as seen from the
outside. Draw also the dissected
larynx and lung. Label the paris.
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IX. THE NERVOUS
SYSTEM

You must have come
across, while dissecting the
previous systems, a number
of white delicate threads in
different parts of the body.
These threads are the ner-
ves. Had you followed them
vou would have seen them
to be cornected to the mid-
dorsal line of the body,
where the centres of these
nerves lie. So the nervous
system is divided into :

—The central nervous
system, which comprises
the brain (lying in the
brain-case or cranium) and
the spinal cord (lying in

the neural or vertebral
canal in the vertebral
column).

—The peripheral nerv-

ous system, which com-
prises nerves leaving the
brain (cerebral or cranial
nerves) and nerves leaving
the spinal cord (spinal
nerves). Totheseare add-
ed the autonomic nerv-
ous system which con-
sists of the sympathetic
and the parasympathetic
nervous systems.

Customarily, the nervous
system is dissected in two
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steps:one involves dissecting
the spinal nerves and the
sympathetic nervous system,
and the other involves dis-
secting the brain, cramial
nerves and spinal cord.
Since the nerves and the
brain are delicate struc-
tures, for they contain large
amounts of fatty substances,
it is preferable to harden
them by adding some
alcohol to the water of dis-
section. It is even better to
preserve thespecimens,which
will be used in dissecting
the brain, in a dilute
solution of formalin, but
remember to wash these
specimens in running water
for some minutes before
dissection, to get rid of the
smell of the formalin.

A —The Spinal Nerves
and the Sympathetic
Nervous System

Instructions for dissection:

* Dissect the toad in the usual
way,

* Tie the alimentary canal at
the rectum and at the beginning
of the cardiac end of the stomach.
Separate the mesenteries which
connect the canal with other
organs, then remove away the
part of the canal between the
two ties,

* Gently remove away the wall of
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the cisterna magna since several
spinal nerves lie ‘beneath’ it.
* Cut through the pubic :ym-
physis in order to expose the
cloaca and some of the spinal
nerves extending into the hind-
limbs.

Note the presence of ten
pairs of spinal nerves and
two sympathetic chains,
one on each side of the ver-
tebral column. The nerves
are given serial numbers.
The number of these nerves
depends in each animal
upon the number of its
vertebrae, and since there
are in the toad g vertebrae

~and a urostyle (which is
thought to represent a
number of fused vertebrae),
so there are only 10 pairs of
spinal nerves in this animal.

The first of these nerves
leaves the column between
the first and second verte-
brae, the second between
the second and third verte-
brae and so on. The ninth
leaves the column between
the ninth vertebra and the
urostyle,while the tenthleav-
es the urostyle through a

small foramen in its side wall,

— Therefore, you should
look out for the vertebral
column and find the joint
between the first two verte-
brae to see the first spinal
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nerve, which is also called
the hypoglossal mnerve.
Follow it as it passes lateral-
ly, then inwards to encircle
the oesophagus, then curves
forwards and comes to lie
“below’> some muscles
which extend on the ventral
“side of the larynx and the
floor of the mouth. Remove
away these muscles to fol-
low the rest of the course of
the nerve till it ends in the
muscles lying ventral to the
tongue, ‘
— The second spinal
nerve or the brachial
nerve, is a stout nerve
which leaves the column
between the second and
third vertebrae and passes
straight to the fore-limb.
~— The third spinal
nerve,is a delicate one; it
curves outwards and for-
wards to unite with the
second nerve forming to-~

gether the brachial plexus.

— The fourth, fifth
and sixth spinal mnerves,
are long nerves which pass
obliquely backwards and
outwards to supply the
muscles of the side of the
body and the abdomen.

—- The seventh, eighth
and ninth spinal nerves,
are similar to the last three,
but stronger, extend along
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side with the urostyle and
unite to form the sacral
plexus. This supplies the
structures found in the pelvis
and then continues to the
hind-limb where it forms a
strong sciatic nerve.

— The tenth spinal
nerve or coccygeal nerve,
is a delicate nerve. It gives
off a branch to the sacral
plexus, and supplies the
posterior region of the trunk.

— Note that each of the
two sympathetic chains
lies along one side of the
vertebral column. It has
been called ‘chain’ be-
cause it is formed of a long
cord bearing a number of
swellings or nerve ganglia.
These are the lateral gan-
glia. Their number varies
according to the specimen.
Typically there are ten
lateral ganglia in each chain,
one opposite each spinal
nerve. However, two of
them may fuse together to
form a common ganglion.
Kach ganglion is connected
to the opposite nerve by a
very short branch — the
ramus communicans,

Note that some nerves
leave out this chain to some
organs of the body where
they form nerve plexuses
such as, for example, the
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solar plexus in the region
of the stomach, and the
urinogenital plexus in the
region of the organs bearing
the same name, Of course
the solar plexus had been
damaged on removing the
alimentary canal.

-— Draw the spinal nerves
and the sympathetic chain of one
side and label the paris,

B— The Central Nervous
System and the
Cranial Nerves

To dissect the central
nervous system, the toad
should be placed in the
dissecting dish in a par-
ticular position, because this
system, as is the case in all
chordates, lies in the dorsal
region of the body (charac-
teristic feature). Therefore,
the toad should be pinned
down with its back facing
you.

Instructions for dissection:

* Turn over the same toad in
which you have just examined
the spinal nerves, or another toad
that had been preserved in for-
malin, lay it on its belly and pin
it down to the dissecting dish.

* Cut the skin transversely be-
hind the head region, then pull it
forwards and remove it away from
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above the head by using the
scalpel. Put down the edge of a
sharp scalpel over the longitudinal
median line of the skull, move it
to and fro with slight pressure till
the cranium is cut open. Lift the
bones forming the roof of the
cranium with the scalpel and cut
them off. The brain is thus
exposed, and you can easily
examine it from the dorsal side.
* Inthesameway, remove away
the skin of the back of the toad
and get rid of most of the dorsal
muscles attached to the vertebral
column to expose the vertebrae.
* Cut through the neural arches
of the vertebrae on both sides so
as to expose the spinal cord.

Note that both the
brain and the spinal cord
are enveloped by thin mem-
branes. These are the dura
mater,which is usually torn
away with the bones, and
the pia mater which usual-
ly remains intact around
the brain and the spinal
cord.

— Examine the brain
from the dorsal side and
identify its three main
regions :

1. The fore-brain, of
which you see in this posi-
tion the two cexebral
hemispheres, which are
large, and connected in
front to the two small
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olfactory lobes; and the
thalamencephalon, which
is trapezoid in outline, and
to it is connected the stalk
of a small body, the
pineal body, which must
bhave been removed away
with the bony roof.

2. The mid-biran, of
which are seen the two
optic lobeswhich are large
and rounded.

3. The hind-brain,
which consists of the cere-
bellum, a narrow trans-
verse band lying posterior
to the optic lobes, and the
medulla oblongata, which
is large and continues back-
wards insensibly to the
spinal cord. Note that the
roof of the medulla is thin
and shows the fourth vent-
ricle; one of the prin-
cipal cavities of the brain.

— Note that the spinal
cord is long and extends
from the medulla at the
level of the first vertebra to
the urostyle. It ends in a
thread-like prolongation -—
the filum terminale. Note
the presence of a shallow
furrow along the mid-dorsal
line of the cord. This is the
dorsal fissure. Also note
that the cord is not uniform
in thickness. It displays two
slight enlargements at the
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places of origin of the
brachial and sacral plexuses.
These are called the thor-
acic and lumbar,or pre-
ferably here in the toad,
the anterior and posterior
enlargements respectively,

— Draw the brain and the

spinal cord as seen from the
dorsal side and label the parts.
* When you fhnish with your
drawing, try to look out for the
roots of the cranial nerves; most
of them spring off from the sides
of the brain (the cranial nerves
number IV, V, VII, VIII, IX
and X).
* Cut through the roots of all
the cranial nerves in order to let
the brain free from the brain-case,
Take care not to cut away all the
nerves but to leave a small part
of the root of each attached to
the brain. Now turn over the
brain on its back, so as to expose
its ventral side, examine its
different regions, and note :

1. In the fore-brain: the
cerebral hemispheres,
and the olfactory lobes
attached to them; the in-
fundibulum as an extens-
ion from the floor of the
thalamencephalon. At-
tached to the infundibulum
is an important glandular
structure. This is the pituite
ary gland, which is one
of the most important
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ductless glands in the body.
The two optic nerves, on
coming out from the two
eye-balls, decussate in front
of the infundibulum forming
the optic chiasma. The
two sides of the thalamen-
cephalon are thickened out to
form the two optic thalami.

2. In the mid-brain
the optic lobes, in the floor
of which lie the two crura
cerebri which connect the
two cerebral hemispheres
with the medulla oblongata,
The third pair of cranial
nerves springs off from the
ventral surface of the mid-
brain,

3. In the hind-brain :
the medulla oblongata,
from the ventral surface of
which springs off'the sixth
pair of cranial nerves.

- Make a drawing of the
brain as seen from the ventral
aspect, Try to mark the posi-
tions of the roots of the cranial
nerves.

Note that the cranial ne-
rves are ten pairs, which
are as follows, on each side:

I. The olfactory nerve,
originates from the olfactory
organ and connects with
the olfactory lobe.

II. The optic nerve,
originates from the eye-ball
and decussates with its
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fellow of the other side to
form the optic chiasma.

III. The oculomotor
nerve, arises from the
ventral surface of the mid-
brain and supplies most of
the extrinsic muscles of the
eye.

IV. The trochlear or
pathetic nerve, arises from
the side of the medulla and
supplies the superior oblique
muscle of the eye. »

V. The trigeminal
nerve, arises from the side
of the medulla. It has been
called so because it gives
off three branches : the
ophthalmic to the snout,
the maxillary to the upper
jaw and the mandibular
to the lower jaw.

V1. The abducent nerve
(or mervus abducens),
arises from the ventral sur-
face of the medulla and
supplies the external rectus
muscle of the eye.

VII. The facial nerve,
arises from the side of the
medulla close to the fifth
nerve and supplies the
mucous membrane of the
roof of the mouth, the skin
and muscles of the lower
Jaw and some of the muscles
of the hyoid apparatus.

VIII. The auditory
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merve, arises from the side
of the medulla with the
seventh nerve and supplies
the corresponding ear.

IX. The glossopharyng-
eal nerve, arises from the
side of the medulla and
supplies the tongue, the
pharynx and some muscles
of the hyoid apparatus.

X. The vagus nerve,
arises with the ninth nerve
and gives off several branches
to various parts of the hody.

It is easy for you to follow
the courses of the glosso-
pharyngeal and vagus
nerves outside the skull.
You must have noticed
some of their branches while
dissecting the blood vessels
in the shoulder region. Now
you have to identify these
nerves in a closer way :

* Take a toad, fix it to the dis-
secting dish and dissect it in the
usual way.

* (Carefully remove away the
lower jaw muscles to expose the
hypoglossal (first spinal) nerve,
so that you would not mix it up
with the other two nerves,

* Locate the position of the
jugular foramen of the skull, just
behind, and a little to the inside
of, the opposite posterior angle of
the skull. You see then, the IX
and X nerves, together with the
internal jugular vein, coming
out from the foramen,
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The glossopharyngeal

nerve extends medially and
pierces the hypoglossal mus-
cles which it supplies,among
other structures, as stated
above,

The vagus nerve gives
off :

1. Thelaryngeal nerve
to the larynx. The vagus
nerve then extends medially
to give off three branches :

2. The gastric nerve,

to the stomach,

3. The pulmonary
nerve, to the lung, and

4. The cardiac nerve,
to the heart.

It is preferable in this
dissection to remove away
the anterior vena cava and
its tributaries, and turn
aside the lung and heart,to
locate the branches of the
vagus nerve more casily.

— Make a drawing of the
glossopharyngeal nerve, vagus
nerve and its branches, and the
Serst spinal or hypoglossal nerve.

The Dissection of the
Ear,

You have already exami-
ned the ear-drum or

tympanic membrane (p.20).

* Cut through the skin post-
erior and parallel to the ear-
drum. Detach the skin from this
area, hold it with the forceps and
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then proceed detaching it untilyou
reach the ear-drum itself. Detach
the drum gently and turn it over.

In this way you have
exposed the middle ear,
posterior to the eye. Look
for the position of the
auditory capsule on the
skull of a prepared skeleton
(median to the transverse
limb of the squamosal bone).

Note the outer rim (the
annulus) of the middle
ear to which the ear drum
is fixed. The middle ear is
bordered by the vertical
handle of the squamosal in
front and by thick mus-
culature behind, Note in-
side the middle ear the
presence of a rod of bone —
the columella auris. It
traverses the middle ecar
obliquely from the dorso-
median side, where it fits
into the femestra ovalis
(an aperture plugged with
cartilage in the lateral wall
of the auditory capsule) to
the ventro-lateral sideto be
fixed, by its distal end, to
the inner surface of the
tympanic membrane. Thus,
the columella transmits
waves of sound falling on
the tympanic membrane to
the inner ear.

You have already noted
the Eustachian tube com-
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municating the middle ear
with the buccopharyngeal
cavity (p. 24).

The inner ear is protected
by the auditory capsule
which is supported by bone
(p.103). It consists of the
membranous labyrinth
that contains the true sen-
sory epithelium. Usually, it
is demonstrated in such
small animals like the toad
by sectioning.

— Make a labelled drawing
of the middle ear of the toad.

Examine a T.S. of the
head region of a young toad
passing through the audit-
ory capsule and note :

Medulla oblengata with
fourth ventricle and post-~
erier choroid plexus;
auditory capsule cont-
aining parts of the mems=

branous labyrinth ;audit- .

ory mnerve; columella
auris ; pharynx; body of
hyoid .. etc.

— Draw.
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X. THE SKELETAL
SYSTEM
(THE SKELETON)

To understand the ske-
leton, you ought to study its
parts, one by one, with the
help of individual bones, as
well as with a whole mount-
ed skeleton. You can easily
prepare the skeleton of the
toad by putting a dead
animal in boiling water for
a few minutes, then take it
out, let it cool down and
then remove away the soft
parts till only the bones are
left. Ouerboiling disintegrates
the skull inte its constituent
parts.

The skeleton consists of :
— The axial skeleton,
comprises those parts which
lie along the median axis
of the body. These are the
skull, vertebral column
and sternum.

—The appendicular
skeleton, comprises those
parts which lie on both sides
of that aixs. These are ; the
two girdles, the pectoral
and the pelvic, and the
skeleton of the anterior or
fore-limbs connected to
the pectoral girdle, and that
of the posterior or hind-
limbs conntected to the
pelvic girdle.
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A— THE AXIJAL SKELETON

1. The Skull.
The skull is the skeleton

of the head. It passes
through hree develop-
mental stages : the mem-

branocranium, the chon-
drocramium and the
osteocranium. This,how-
ever, does not mean that
the osteocranium does not
contain cartilages, for in
fact it is built up of bones
and cartilages together.

The skull is divided into
two regions :

— The neurocranium,
which comprises the cra-
nium that surrounds the
brain and hence also called
the brain-box, and the
sense capsules which en-
close the organs of special
sense. These are three pairs:
the olfactory or nasal
capsules, the optic cap-
sules and the auditory or
otic capsules. It should
be noted that the optic cap-
sules are not fused to the
cranium, to allow of free
movement of the eyes in
their orbits.

— The splanchno-

cranium, which originally .

consists of seven visceral
arches, the first or man-
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dibular arch forms the

upper and lower jaws,
the second or hyeid, and
the last five form the
branchial arches, All of
these show well in the
tadpole. In the adult, how-
ever, they had been, like
many other organs, sub-
jected to the process of
metamorphosis, so that,
apart from the mandibular
arch, nothing remains out
of them except the hyoid
arch and small vestiges of
the branchial arches.

It is to be noted that the
hyoid arch forms a bone
which enters in the form-
ation of theear. This is the
columella auris. The rest
of the arch combines with
the remains of the bran-
chial arches to form together
the Thyoid (or hyo-
branchial) apparatus.

The best method of study-
ing the skull is to identify
its regions pointed to above,
and then identify the ele-
ments of each region as they
appear in both the dorsal
and ventral surfaces of the
skull :

(a) The cranium. The
roof of the cranium is for-
med of two broad front-
al bones, while its floor is
supported by a dagger-
shaped bone — the para-
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sphenoid. Its hind-wall is
formed of two exoccipitals
which surround a large
foramen — the foramen
magnum — that allows
the passage of the spinal
cord. Each exoccipital car-
ries a prominent protuber-

ance — the occipital
condyle; the two condyles
a.ticulate with the first

vertebra. (Note the pre-
sence of the jugular fora-
men, in each of the two
exoccipitals, which you have
already located on dis-
secting the nintbh and tenth
cranial nerves. It allows the
passage of these two nerves
as well as the internal
jugular vein).

The anterior wall of the
cranium is formed of the
sphenethmoid, while its
side walls, which complete
the brain-case, are formed
of cartilage and down-
growths of the two frontals;
the two auditory capsules
complement them. (Note
the presence of a number of
foramina in the side walls of
the cranium which allow
the passage of some of the
cranial nerves and the two
carotid arteries).

Thus the bones of the
. cranium which show on the
surface are : the two froni-
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als; the parasphenoid,
the two exoccipitals and
the sphenethmoid.

(b) The auditory cap-
sules. Each encloses an ear
and is supported by the
prootic, which lies lateral
to the exoccipital. Note the
opening of the capsule and
the presence of a slender
ossicle — the columella
auris (see p. g6).

(c) The optic capsules.
A cartilaginous layer, the
sclerotic or sclera, forms
the outer layer of the wall
of the eye ball. The sclerotic
is ossified in some animals
like birds and some lizards.
However, it does not fuse
with, the surrounding bones
so as to allow of free move-
ment of the eye in its socket.
Thus no special bones build
the orbit. It is formed
medially of the bones of the
cranium, and laterally of
the bones of the upper jaw.

{(d) The olfactory cap-
sules. These lie inside the
sphenethmoid. This is box-
like and divided internally
by a transverse vertical part-
ition, formed of the two
ectethmoids, which sepa-
rates the two capsules from
the cranial cavity. There is
a foramen in each cct-
ethmoid which admits the
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olfactory nerve. The two
capsules are separated one
from the cther by another
bony partition, the mes=-
ethmoid, which extends
vertically and longitudinal-
ly. The two capsules are
covered from above by the
two nasal bones, which are
nearly triangular, and in
front of them lie the two
external nares. Near the
edge of each of these lies a
small bone called the septo-
maxillary, while on the
ventral surface of the
capsules lie the two small
vomers,

(e) The upper jaw. This
consists of two arches on
each side, the inner arch
consists of the palatine
which extends transversely
from the sphenethmoid to
the outer arcade, of the
pterygoid which is , —
shaped and its anterior limb
is connected .o the palatine,
while its posterior limbs are
connected with the prootic
and the quadrate, and of the
quadrate which is small,
cartilaginous and lies in the
posterior angle of the upper
jaw.

The outer arcade forms
_ the outer border of the skull
and consists of the pre-
maxilla, lying in front, fol-
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lowed by the maxilla,
which is a larger bone, then
the quadratojugal and the
squamosal*, This is ham-
mer-shaped and shows well
in the dorsal view.

(f} The lower jaw. This
consists of two ramd, cach
1s formed of three bones
which are, from in front
backwards: a small mento-
meckelian, a larger den-
tary, then the angulo-
splenial wnich forms the
posterior part of the jaw.

It should be noted that
the teeth are entirely absent
from the maculated toad.

(g) The hyoid appara-
tus. You have already
studied this well and located
its position in the animal
on dissecting the respirat-
ory system (see p. 78).

The skulls are customarily
supplied in the laboratory
without the hyoid appara-
tus, and sometimes without
the lower jaw. Here is a list
of the bones seen in each
of the dorsal and ventral
surfaces of the skull (from
in front backwards, in one
half) :

*Some osteologists consider
the squamosal bone part of the
neurocranium, being a membrane
bone which covers the temporal
region from above.
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Dorsal surface: Premaxil-
la,maxilla,quadratojugal,
pterygoid, guadrate,
squamosal, septomaxil-
lary, nasal, frontal, pro-
otic and exoccipital,

Ventral surface: Premaxil-
Ia, maxilla, quadrato-
jugal, quadrate, palatine,
pterygoid, vomer, sphen-
ethmoid and parasphe-
noid (unpaired), frontal,
prootic, exoccipital and
squamosal.

— Make drawings of the
skull as seen from the dorsal
and veniral aspecis. Label the
parts. Draw also the lower jaw.

2. The Vertebral Column.

You have already got an
idea, while dissecting the
spinal nerves, of the verte-
bral column. It is short,
consisting of only nine
vertebrae and a slender rod
of bone — the urostyle.
The vertebrae are all built
up on the same plan, and
resemble each other very
closely. However, the first
and ninth vertebrae differ
from the rest but slightly.
Nevertheless, they can be
distinguished easily, because
the first articulates with the
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skull and the ninth with
the urostyle and the pelvic
girdle.

(a) The normal verte-
bra (from 2nd - 8th). This
consists of a thick centrum,
surmounted by the neural
arch, thus enclosing the
neural foramen, The
neural arch carries along
the mid-dorsal line a short
process, the neural spine.
Projecting out from the
sides of the vertebra are two
large transverse process-
es. Note that cach of the
four edges of the neural
arch is not straight, but
contains a concavity, the
intervertebral notch,

The adjacent vertebrae
articulate with one another
in two ways :

"1. By their centra, for
these are concave in front,
convex behind, so that the
convexity of one vertebra
fits into the concavity of the
vertebra next behind. The
joint thus formed is a ball~
and-socket joint, and
the vertebra is described as
procoelous.

ii, By their neural
arches, for each arch carries
two pairs of articulating
facets known as zygapo-
physes : two prezyga-
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pophyses carried on the
eantrior edge of the neural
arch and directed upwards
and inwards, and two post-
zygapophyses carried on
its posterior edge, and are
directed downwards and
outwards, so that the two
postzygapophyses of one
vertebra overlap the two
prezygapophyses of the vert-
ebra next behind.

Mount two vertebrae one
on the other and see how
the zygapophyses articulate
with each other. Note that
the adjacent neural foram-
ina constitute the vertebral
or neural canal which lodges
the spinal cord. Also note
the presence of two inter-
vertebral foramina, each
formed of two opposing
intervertabral nothces,for
the passage of a spinal
nerve from the spinal cord
to the outside.

— Draw a normal vertebra
as_you see it from different views,
to show its various parts.

(b) The first (or atlas)
vertebra. This is disting-
uished by the absence of the
two transverse processes and the
two prezygapophyses, and also
by the presence of two
concavities — the condylar
surfaces — on the front wall
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of the centrum, for the
reception of the two occi-
pital condyles of the skull.

— Draw the first vertebra
as you did with the normal ver-
tebra.

(c) The ninth (or sacral)
vertebra. This is disting-
uished by its large, broad
and wedge-shaped transverse
processes for the articulation
with the ilia of the pelvic
girdle, and also by the
presence of fwo convexilies,
instead of one, on the centr-
um from behind, for the
articulation with the uro-
style.

— Draw the ninth vertebra
as you did with the normal
vertebra,

(d) The urostyle. Thisis
a slender Jong bone, and is
thought to represent a num-
ber of fused caudal ver-
tebrae. Note the presence
on its front surface of a
neural foramen which ex-
tends backward in the bone
till about its first anterior
third. The filum terminale
of the spinal cord is housed
in it. The urostyle has also
a neural arch and two con-
cavities on Its anterior sur-
face, into which the con-
vexities of the sacral ver-
tebra are received. Most of
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the urostvle is a sort of solid
rod of bone, but its

posterior end 1s cartilaginous.

— Draw the urostyle as you
see it from the anterior aspect
and from the side.

3. The Sternum.

Defer the examination of
the sternum till you exa-
mine the pectoral girdle,
since the two are clesely
attached one with the other.

B-THE APPENDICULAR
SKELETON

1. The Pectoral Girdle
(and the Strenum).

Note the position of this
girdle in the whole skeleton,
and note that it is incom-
plete dorsally. It consists of
two symmetrical halves.
The sternum is connected
posteriorly to the mid-
ventral part of the girdle,

Note the presence of two
epicoraceids in the mid-
dle, the left overlapping the
right (this means that you
see only the right epi-
coracoid in full on looking
at the girdle from the
ventral side).

Two bones extend late-
rally from each epicoracoid,
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one posterior—the coracoid

- and the other anterior -
the claviclejthe three bones
enclosing the large corac-
oid foramen. The corac-
oid and clavicle meet each
other laterally forming the
head of a triangle, and are
connected here to an im-
portant large bone - the
scapula. This projects for-
wards where it meets the
clavicle, forming the acro-
mion process. The three
bones (coracoid, clavicle
and scapula) form where
they meet each other an
extensive concavity, called
the glenoid cavity, which
lodges the head of the
humerus, A suprascapula
articulates with the scapula
and bends upwards to lie
on the dorsal side in the
shoulder region.

Note that the bony parts
of the poctoral girdle are
the coracoid, clavicle,
scapula and part of the
suprascapula; the rest of
the girdle consists either of
calcified cartilage or of
hyaline cartilage.

The sternum is simple,
consistingof the xiphistern-
um, which articulates with
the posterior edges of the
two cpicoracoids, and is
connected at the other end
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to the xiphoid cartilage,
which is almost circular
and consists largely of hya-
line cartilage.

— Draw the pectoral girdle
and the sternum, and label the
parts,

2. The Pelvic Girdle.

Note that this girdle con-
sists, like the pectoral girdle,
of two symmetrical halves.
Each half consists of three
elemnts : the ilium, which
islonge and articulates with
the transverse process of
the sacral vertebra, the
ischium, which lies post-
ero-dorsally, and the pubis
which lies postero-ventrally
and fuses with its fellow of
the opposite side forming
the pubic symphysis.

Both pubes are cartilaginous.

Note the presence of a cup-
like depression called the
acetabulum on each side
of the girdle, where the
three elements meet, for the
reception of the head of
the emur.

— Draw the pelvic girdle
Jrom the side, as well as from
the ventral and dorsal aspects.
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3. The Skeleton of the
Limbs.

You have noticed when
you examined the toad for
the external features, that
its limbs, like all limbs of
other terrestrial vertebrates,
are pentadactyle limbs,
and built up on one com-
mon plan, whether anterior
or posterior limbs. Each
limb is built up of three
regions, a proximal, an
intermediate and a distal.
The last is also subdivided
into three regions, a proxi-
mal, an intermediate and a
distal.

(a) The fore-limb :

The proximal region of
this limb is supported by
the humerus, the inter-
mediate by the radio-ulna
and the distal, viz. the hand,
by the carpals, metacarpals
and phalanges in its three
consecutive regions respect-
vely.

— The humerus is a
stout bone which consists of
two epiphyses and a shaft.
The anterior epiphysis is the
head and the posterior is
the trochlea, The shaft
carries on its inner side a
conspicuous crest, the delt-
oid ridge.

<—1I1j5

LB KA Ly

Slaallnys Lo Cins ud
— bl of Zedial ol
Yrenr s Viaey, 1S
ol o Loy ¢ gl Al —
R O
(Ghla MW o Sy Db SS
S5y Aamyze sdo-ly g &y 3 3y
o JAb W (ST ¢ b
Hoyiay ey ¢ bl S6
- 8dan g

s sl bl (1)

cA@J\fE& iy A R.Sh:llfs.xi
catandly ¢ ) (anSl Lzl
il @ Sl ¢ A
4 ¢ Sl @ (pla¥ly 4
A e dmial) S g e

S szfﬁ-ﬁ a2l Fbp —
o3 ¢ Bl GppdST e
PPN PR
e o Gl Jomy ¢ 38N
Ml aH e Tal Ge 1l

YYe



— The radio-ulna is a
paired bone, being original-
ly formed of the radius to
the inside and the ulna to
the outside. Note the pre-
sence of a groove between
the two bones, which indi-
cates the paired nature of
the radio-ulna. The ulna
extends upwards forming
the olecranon process.

— The carpals are six
small bones, arranged in
two rows. The metacarp-
als are four long bones,
and the phalanges arc
slender bones expressed by
a digital formula, thus:
2 12 :9: 4, for the toad’s
hand possesses only four
digits.

— Draw the bones of the
Jore-limb and label the paris.

(b) The hind-limb :

The proximal region of
this limb is supported by the
femur, the intermediate by
the tibio-fibula and the
distal, viz. the foot, by the
tarsals, metatarsals and
phalanges in its three con-
secutive regions respectively.

—- The femur is a long
bone and consists of two
epiphyses and a shaft,
the upper epiphysis is the
head and the lower is
formed of two condyles.
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FIG. 35 - PELVIC GIRDLE
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The shaft also carries a crest,
but is not as conspicuous as
the deltoid ridge of the
humerus.

— The tibio-fibula is
paired, consisting originally
of the tibia to the inside
and the fibula to the out-
side. Note the presence of
a longitudinal groove on the
shaft which indicates the
double nature of the bone.

— The tarsals are four
in number, arranged in
two rows, the proximal
contains two elongate bones
fused with cach other by
their heads. They are the
astragalus, which articulat-
es with the tibia, and the
calcaneum, which arti-
culates with the fibula. The
second row contains two but
small bones, The meta~
tarsals are six,five of which
arc elongate and one is small
and belongs to the calear
or prehallux, The digital
formulais 2 :2 :9:4 : 3.

Note that the bones of
the hind-limbs, especially
the proximal tarsals, are
longer than the correspond-
ing bones of the fore-
limbs, thus enabling the
toad to leap.

— Draw the bones of the
hind-limb and label the parts.
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