Aolt)) Gadsd] dedda

Byl Lmlys v o S R o Gl dndalleda Dl 34y Uy Goare
5,2 N e 2tz S Gy O Gooba, ST O € & daiWly o ) el ¢ iladl
idby 28U e OIS M 4 Bl sl @ S ol sl JUS ol o
de Mo st g TN T dpll BT Gy By Al e Gy ppar O St
ity Taty T Uty Tl oyl BTG € ot i oy ¢ oS L
5 O Gt I R oty 16 ¢ bl S gy ¢ il L)
A Jo B G sdebayy ¢ Jedl § et 20 SLLLYL oig ot
Gt aehi Lol de pmgsy ¢ adk) @ oy ol gt panilly G
o= O Taardl Lol @l 3 gl ade Jemr U ¢ Rald) 3 b
oyl e (atly Janl) SR (G 2eaidld anadd

i bl e bl g G W L 6 sl op Sdd
Ll b oo Tabll ) oo § 2oy ¢ g il O Ol e (ol
pbssle) O dad G e ool BT Wl Ll oYy o5 S LA
¢ bt st dasd A el ¢ b g3l (55T dd S
. aaley sy 03l o Sy ame by G LSBT G Ty

oleas o3t Jool a5

VAAY s




Y dndel Luti

Ol Ll Byl dody Lo 4 Jo 43 sl SC2W) ‘.-_Jﬂl L3l OIS
S a3k ! L A7 ) i e ¢ Grililh i e 391 8T 0 5l £
c ot bed o T G 5

ST G Lia e 00l Gty G 1 G Ll 35 kS
A G o Lo gy Wl e o A5 Oyt fle (of ¢ olouth o 2l
Ma Loasast NSy L g Taty Sty o o o ot i § S0
oV atdl slaassl o Dkl it » gyl 351 o 2 LI
Shplhy Jo¥ Sty L Gl ¢ Ll LG Sl 5.SD
R Tty Vit S con ;T cntadin O 0L o 29 . Al 2532
s g G;;,;g‘guamcmamiasugtzlaswl O il
DS Sl Wabiatly Doy babany> 1iSCay ¢ ap TRl paris bpe 26y ¢ Ty
g gouill La o QS Lin OF i Wi 25 Jey ¢ by ZoW) Wb oo
o T pmvam s ooV Bl s G o Lle] ¢ oW TR e g
S ntlipiley Sl 2yl &) gpadd ke LSTC0Y oy L golath 0
o DI BS Cager SN 0 1iSay . n ) o sl 5y Je 1)
c 3l ISy Gy b B e ¢ ey

JI 4l ke o BB 3yl Bl L Bohy Gald] Clalall e L
S Jorzad O foy ¢ W) dily Lo 5 BT gy ¢ Y R A5 (§ ollile
Lol Sladlaas U bady s ey bl 4 LT 2y 0 sl C..;uﬁ &
¢ Gl 20 oda ae gl it GlEY ¢ pedt Yoy (I alydll 5 Yyas
LAl Ll Slslhaall domg o EGLA o by U e Lo 13 o
- 03 Al sda 5 Loty ¢ o} Bl ol G BL s sl agd ot

S Al Dl acade S el oy OF Rkl i G U sy
P iy bpaged 10 4 Sl f oty oz Tl ¢ aalally
W OIS bl 5 B e ST e (Al B prlezss

Oldsll VAT G ez



CHAPTER I

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 continuous 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
coelomodaucts. The
nervous system comprises a
cerebral ring and a double
ventral nerve cord with a
pair of ganglia 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;
either active, sedentary or
ectoparasitic.

Six classes are recognized
in the phylum Annelida, of
which three are of great
importance : the Poly-
chaeta, the Oligochaeta
and the Hirudinea.

(-IS

Jillel

;,\.Eb..-]\ dnls

Laldl  olaall 5 ol
Wiy gl i bl
l,.‘ W e ekt T« 'I-I)LS'
b Wl oy - Lk
‘-b.: P N .
se Gb uy Jas b o
Ll Llae daly 4 g Lanbs
U oSy ahsl by L b
gy e b S5
gk slaely ¢ gl i o
U Ll ol B e e
Lol LMY e bl 0,85
el¢ &b o
el Slgnlly o A Lo
irgdiadinar 346 Jaft (7 g3
s Sy O} Gldy.dlie S
. nkasSy A 5L o

Tur Bl 4ddd Ol
e Ll oldly 2l Sl
PR UK N I PR
b Alib oL

r.;.b_,]vn__uuL.E.'lJvJ dt.JJA-T’
 degie 4.:"1 <l l.r-» Ry H
Szt SN .!!,..l'?h..alm.m
. il

\Y




I. Class POLYCHAETA

This class  compriscs

the bristle-worms which
are nearly always marine,
with  obvious homo-
nomous segmentation
and cephalization. Their
chaetac arc numcrous and
borne on special prominenc-
¢s of the body called the
parapodia. Thc coelom
is spacious and divided by
interscgmental scpta. The
sexcs arc usually separate
and gonads cxtend in most
scgments of the body. The
larva is a frce-swimming
trochosphere.

The class comprises dif-
ferent forms : errant, as
Nereis, true tubicolous
Jiving  in  tubes), as
Amphitrite, and burrowing
forms, as Arenicola.

1. The Sandworm
Nereis

This is a cosmopolitan
genus of bristle-worms which
although belong to  the
errant or free-swimming
polychaetes, yet thev are
all of the crawling type and
live in temporary burrows
in sand, from between
tidemarks to depths of more
than 200 metres, which
they occasionally lcave to
rcconstruct anew. Most of
them are predaceous.
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a) External Features.

Examine a preserved
specimen of Nereis and
note :

— Body form, with
distinct division into more
or less similar segments or
metameres, except the
first and the last which
bear the mouth and anus
respectively.

-— The head is distinct
and consists of:a prostom-
ijum which carries four
eyes on its dorsal surface,
two short prostomial
tentacles (tactile) and two
large prostomial palps
{possibly gustatory); and of
a peristomium (sometimes
considered as two segments
fused  together)  which
carries antero-laterally four
pairs of long- slender
peristomial tentacles.
Note the presence of the
mouth as a transverse
opening on the anterior
surface of the peristomium.
In preserved specimens, the
buccal region is often seen
everted and the pharynx
protruded in  front of it.
The chitinous lining of
the buccalregion is thick-
ened in places forming
numerous small teeth,
while the pharynx carries
two large serrated chitinous
jaws, which are well shown
in such preserved speci-
mens.
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— The body segments
are numerous(200 or more},
each of which bears a pair
of lobed muscular out-
growths or parapodia.

* Cut one of the segments,
stain it with borax carmine and
examine under the L.P. the
structure of the parapodia. Note :

— The parapodium
consists of two divisions, a
dorsal notopodium and a
ventral neuropodium ;
each of these is again
divided into two lobes. Note
that the notopodium bears
a2 dorsal cirrus and a
bundle of cbhaetae lodged
in a chaetigerous sac
formed by invagination of
the epidermis. In addition,
a much stronger chaeta ,
the dorsal aciculum ,
appears deeply embedded
in the notopodium and does
not project on to the surface.
The neuropodium like-
wise bears similar structures:
a ventral cirrus, which is
longer than the dorsal one,
a bundle of chaetae and
a strong ventral aciculum
which also does not project
on to the surface of the

body. The cirri are
supposed to be tactile in
function, the lobes to act
as limbs and as gills, while
the acicula as skeletal sup-
port and for the attachment
of muscles.
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— The last or amal
segment is elongated and
lacks parapodia; instead it
carries two long ventral
cirri, the amal ecirri. The

anus opens on Its ventral
side.

~— Make labelled drawings
of the worm, showing details
of structure of the head, body
segment with its two parapodia,
and the anal segment.

b) Transverse Hand-
Section.
Examine a transverse

hand-section of ANereis and
note the following struct-
ures :

Details of structure of the
parapodium; thin cuticle;
epidermis of a simple
columnar epithelium
circular muscle ;
longitudinal muscles ar-
ranged in 4 big bundles,
two dorsal and two ventral;
oblique = muscle fibres
arrangced in two groups, one
on each side of the body;
somatic layer of coelomic
(or peritoneal) epithelium;
coelom, sometimes full of
ova: splanchnic layer of
coelomic epithelium  sur-

layer ;

rounding the intestine ( which

is lmed with columnar
cpithelium); dorsal and
ventral blood wvessels held
in dorsal and ventral mes-
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enteries respectively; ventral
nerve cord;parts of nephri-
dia; muscles which move the
acicula and parapodia .

— Matke a labelled drawing.

¢) The Trochosphere
Larva.

Fertilization is external
and the zygotes devclop
into  free-living  pelagic
larvae of the trocho-
sphere type. Examine a
mounted preparation and
note the globular form of

the larva, the prototroch or

preoral ciliated ring, and
a tult of apical cilia project-
ing from a thickened apical
plate at the upper pole.

The anus lies at the other
pole and the mouth opens
just below the ring of cilia.

The larval cavity is the
original blastococl, in which
lic rudimentary meso-
dermal bands.

— Make a drawing.

Heteronereis

In some species of Nereis
there appears no external
difference between a sexual-
ly mature worm filled with
gamctes and an immature
onc. In some others the sex-
ually mature phase differs
so widely from the im-
mature one that it has
been for a long (ime

«~ 19

gl gl J - Qi e
o -7 IR R P | R
U N RO R
ale T s e
- el S5
. AM;_,‘J 5515}1.“-_:-
Bl e (2 Sy Slbatill
S Sy 3 b e A,
gl Ll Iy
k_;u} 4.1¢-J.~ J_,s T.SA bt.a;»u
- Adge 48 ruf - 1 dyW
585 e Sal u.m-.('
\._..ﬂg_)a_-uj . aJ..L_.a t._:.t|.kb\.“ E.E.l:-
PET L RIN N rTr
&) Zaps g ST
. ot

u"iJ:-’}J*-J’"

tmeoihe gl a3 Y
E.."JJ.“ ;-:.; d—;l?— JTL‘.:J Lgi
el Cn byss s
ol g Bl oy g YL
ooy 3 Al el O i
[ R N A I

N EPENN S PP ORI

V4



believed to belong to a
different genus which was
given the name Heteronereis.
Marked modifications occur
in the posterior segments of
the body which contain the

gametes. Therclore in
Ileteronereis  the body is
distinguished  into  an

antertor non-sexual region
of ordinary unaltered seg-
ments, called the atoke,
and a posterior sexual
region, called the epitoke.
The eyes become larger,
thus more adapted for free
swimming, and so also the
parapodia in the epitoke
region,

Detach one of these
modified parapodia from
the epitoke, ecxamine it
under the IL.P. of the
microscope and compare it
with the ordinary para-
podium of Aereis. Note that
the lobes of the notopodium
and neuropodium are larger
and more leal-like (act as
fins and gills); other folia-
ccous  outgrowths  also
appear; the chaetae are
muchlarger, more numerous,
have flattened oar-shaped
ends and appear arranged
fanwise; the dorsal and
ventral cirri are much larger
and branched.

~— Make a drawing.

— What arc the character-
istic [eatures of Nerets ?
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— In what respects do the
parapodia of Nereis differ
from those of Heteronereis ?

2. Amphitrite

Thisis an example of a
true tubicolous polychaete
which lives almost per-
manently in a tube made of
sand, mud or the like,
cemented together by a
mucous secretion, and is
usually hidden in rock
crevices, The head is
distinct and carries nume-
rous long temtacles which
protrude out of the tube.
They are ciliated and drift
microscopic organisms, of
plants and animals, to-
wards the mouth (ciliary
method of feeding). The
parapodia are reduced in
association with the animal’s
mode of life.

Examine a preserved
specimen, taken out of its
tube, and note the division
ofits body into three regions:

— The head or anterior
region is formed of the
prostomium and the peri-
stomium. It bears the
tentacles (believed to be
homologous with the pro-
stomial palps) with the
mouth located in between.

— The middle region
comprises segments which
carry notopodia bearing
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thin chaetae, and elongated
neuropodia in which are
embedded short but strong
toothed chaetae called the
uncini. The ventral surface
of the anterior segments is
thickened by 12 gland
shields which secrete the

mucus used in tube building,.

The first § segments behind
the head bear dorso-
laterally g pairs of branched
gills (believed to be homo-
logous with the dorsal cirri).

— The posterior region
is narrow, many segmented,
and without notopodia or
chaetae. The anus lies on
the Jast segmeut.

— Make a drawing.

3. The Lobworm
or Lugworm

Arenicola

This i1s a polychaete
adapted for burrowing in
the sand or mud like the
earthworms.  Similarly it
engulfs sand to digest the
organic material contained
therein. Itoccursjust below
the low tidemark in the
sea or in estuaries where
the water is less saline.

Examine a preserved
specimen and note that the
true segmentation is indis-
tinet from outside owing to
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the secondary division of
the segments into 2-5 annuli
for each. However, try to
make use of the segmentally-
arranged parapodia in order
to distinguish the segments.
Note that the body is
divided into three regions :

—-The anterior region
consists of a small trilobed
prostomium with no eyes or
tentacles, the peristomium,
an achaetous segment, and
6 segments bearing chaetae
and parapodia. The mouth
lies ventral to the pro-
stomium, and the everted
buccal region and pharynx
are often seen protruded
out of it as a proboscis
which 1s covered by
chitinized papillae (help in
gripping the sand). The
parapodia are reduced like
those of the tubicolous
polychaetes and formed
each of a notopodium with
few needle-like chaetae, and
a ventrolateral elongated
neuropodium  which en-
closes large hook-like uncini.

— The middle region
comprises 13 segments, each
bearing, in addition to the
parapodia, a pair of extens-
ively branched gills.

— The posterior region
has a variable number of
segments devoid of para-
podia and gills. The anus
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opens through the last
segment.
— Make a drawing.

— fCompare and contrast
between the diagnostic
features of Nereis, Amphi-
trite and Arenicola, pointing
out the modifications
adopted by each in assocta-
tion with its own mode of
life.
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II. Class CLIGOCHAETA

This class comprises the
earthworms and their allies.
They lack parapodia and
have few chactae and a
reduced cephalization. They
are always hermaphrodite,
the gonads are confined to
a few of the anterior
segments, and their gono-
ducts are coelomoducts.
Reproduction is by copula-
tion 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 ofthe epi-
dermis called the clitellum.,

The Earthworms

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-
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pounds. Earthworms are
nocturnal, that is, they
become active by night,
and retire to their burrows
during the day.

By now, you are familiar
with one of the common
carthworms :

1. Aliolobophora

A full account of the
dissection of Allolobaphora
caliginosa is given in Vol, 11
of this book. However, the
same figures arc given here
again in order to make
comparisons with  other
annelids much easier,

2. Pheretima

Pheretima  hawayana s
another common carth-
worm which is often
supplied in the laboratory.
Examine specimens of this
worm following the same
steps as you did with
Allolobophora, and note the
following main points of
difference :

a) External Features,

— The clitellum s
found far
rounds only 3 segments of
the body (14-161. It is a
compicte ring and so np
puberly ridges are developed.
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~—— The chaetae or setae
are more numerous than in
Allolobophora, and are ar-
ranged in a circle around

each segment — perichaet- -

ine arrangement. With a
hand-lens, determine the
number of chaetae on a
complete segment,

— On the ventral side of
segment 18 there are two
rounded prominences, each
carrying three small papil-
lae. The prostate duct
opens on one of these
papillae and the two vasa
deferentia of each side
open separately on the other
two papillae,

— The copulatory
papillze are minute, in-
conspicuous and arranged
in a transverse row on the
anterior half of segment 18.

— The single female
genital opening lies on
the ventral side of segment
14, in the region of the
clitellum.

— The spermathecal
pores arc two pairs
located in the interseg-
mental grooves 5 /6 and 6 /7.

— The dorsal pores
are located as in Allolobo-
phora, save that they start
in the intersegmental groove
1o/f11.
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— The nephridiopores
are numerous and scattered
on every segment except the
first two.

— Make labelled drawings of
Pheretima as seen fromthe dorsal
and veniral sides lo show its
external features.

* Cut off a small piece of the
body wall and treat it with a
strong KOH solution for few
minutes, wash in water, mount
in glycerine and examine under
the L.P.to see the ring of chaetae.

—Make a drawing.

b) Dissection,

* Make a longitudinal mid-
dorsal incision in the worm in the
same manner as you did with
Allolobophora. Try when you are
pinning the flaps downm to the
dissecting dish, to put the pins
at intervals of 3 or 4 segmcnts
{e.g. on segments 3, 6, g, 12...
etc) because this facilitates the
location of the various internal
organs later on. Note that the
coelom is divided internally by
intersegmental septa and that the
septa hetween the first 4 seg-
ments and those between seg-
ments 8/g and gfro are absent.
Note : '

i) Im the
Canal :

— The buccal region
extends in segments 1 and 2.

Alimentary
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— The pharynx is
highly muscular and lies
in segments 3 and 4.

— There is no crop; a
large gizzard lies in seg-
ments 8-10, in the middle
of the oesophagus which
extends from the pharynx
up to segment 14, to the
intestine,

— The intestine starts
in segment 15. In segment
26 a pair of intestinal
caeca arse laterally from
the intestine and extend
forwards over 3-4 segments,

Behind segment 26 the
intestine shows a small
dorsal invagination (or

typhlosole), and on either
side of its mid-dorsal line
there is a double row of
segmental fluffy bodies
containing masses  of
phagocytes and chloragogen
cells, the so-called “lymph
glands’’. In the posterior-
most segments the intestine
passes into the rectum
which has no typhlosole.

ii) In the Blood System:

Note that there are only
four pairs of pseudohearts
lying in segments 7, 9, 12
and 13. (Don’t mix them
with two other pairs of
commissural loops found in
segments 10 and r11).

iy Im the Excretory
System: Note the three
different types of nephridia:
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-— The integnmentary
nephridia are very nume-
rous 1In cach segment,
attached to the inner surface
of the body wall and open
to the exterior by minute
scattered nephridiopores.

~- The pharyngeal
nephridia are aggregated
in g pairs of bunches found
in segments 4, 5 and 6, and
open into the pharynx by
three pairs of ducts.

—The septal nephridia
are numerous and attached
on the anterior and posterior
surfaces of thc interseg-
mental septa starting from

the septum 15/16 back-
wards.

iv) In the Reproductive
System :

— The ovaries lie in
segment 13, and the two
oviducts converge to open
by a single female aperture
on segment 14. The
spermathecae are two
pairs in segments 6 and 7.
Each is formed of a swollen
ampulla and a simple
tubular diverticulum,

— Two pairs of testes
lie in segments 10 and 11.
Two pairs of large lobulated
seminal vesicles lic in
segments 11 and 12. Each
testis 18 enclosed with its
corresponding  seminal
funnel into a testis sac.

The cavities of the two -
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testes sacs of the same
segment are continuous with
each other; each sac
perforates  the  septum
behind and continues to
cover the seminal vesicle
lying behind it.

The two vasa deferentia
on each side run backwards
close to each other. Two
large lobulated prostate
glands extend in segments
18-21 or 22. The prostate
duct of each, with the
terminal ends of the two
vasa deferentia of the same
side, are all enclosed in a
thick muscular sheath, but
the three ducts open
separately to the outside
on segment 18.

v) The Nervous System,
is quite similar to that of
Allolobophora.

— Draw.

* Dissect a freshly-killed worm
in saline solution. Remove a part
of a coclomic septum in the
region of the intesting, mount on
a slide in a drop of saline and
examine under the H.P. to see
the structure of the septal
nephridia it carries.

— Draw.

c) T.S. of the Intestinal
Region.

Examine and note, in
comparison with that of
Allolobophora :
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— The epidermis, with
goblet cells and covered by
thin cuticle.

— The muscularis, of
an outer circular layer
and an inner longitadinal
layer, the Ilatter being
interrupted along a greater
number of lines and 13,
therefore, not divided into
the 37 usual blocks of
Allolobophora.

— The chaetae are very
numerous (hence the long-
itudinal muselelayerisdivid-
ed into a large number of
blocks). Parts of the chaetae
appear in the section arising
from chaetigerous sacs.

— The coelom is full of
coelomic corpuscles and is
lined by the two usual
peritoneal layers (somatic
and splanchnic). Nume-
rous parts of integumentary
and septal nephridia appear
protruding into the coelom.

— The intestinal
epithelium is much more
folded than in Allolobophora,
but the typhlosole is much
smalier.

— Make a labelled drawing
of a T.S. of the intestinal region
of Pheretima.

Another common species
is Pheretima californica which
is closely stmilar to P. haway-
ana except for the following
main points of difference :
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— Ithasalighter colour
and a paler ventral surface.

—The first dorsal pore
lies in the groove 11/12.

— The genital open-
ings of the male system
are only two,on segment 18.

— The spermathecae
are two pairs in segments
8 and g, and open to the
exterior on the grooves 7/8
and 8/q.

— The prostate glands
extend in segmerits 17-19
or 20.

— The intestine begins
in segment 16, and the
intestinal caeca originate
in segment 27.

— Observing the three
species of earthworms and
their anatomy, both gross
and microscopic, review the
characteristic features of the
class Oligochaeta. Point out
the main points of difference
between the three worms.
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II. Class HIRUDINEA

These are annelids with
a shortened body composed
of a smaller and fixed
number of segments which
arc subdivided externally
into annuli; without chaetae
(except rarely) or para-
podia. They possess two
suckers, an anterior, which
contains the mouth, and a
posterior. Each sucker is
formed by the modification
of several segments. The
coelom is very much
reduced by the growth into
it of 2 mesecnchymatous
tissue (botryoidal tissue),
and divided into a number
of longitudinal tubular
sinuses which communicate
with each other by trans-
verse conncctions. They are
hermaphrodite ;the embryos
develop inside cocoons,

The Medical Leech
Hirudo

The medical leech Hirudo
medicinalis (5-10 cm in len-
gth) lives on the blood of
vertebrates which go down
to where it lives in water,
of ponds, marshes and
streams. Man has long
made use of this power of
the leech by letting it suck
the’ blood of patients, and
so is- called the medical
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leech, and has been intro-
duced from Europe to
various continents, Itswims
in the water by wvertical
undulations and by the help
of the suckers; its body
loops as it swims. Once it
has taken a meal of blood
by sucking it fom a
vertebrate, it can live with
it for months. It lays epgs
in cocoons which hatch out
of young; no larval stage
is known,

a) External Features.

Examine a freshly-killed
specimen and note :

Body form and
colour, dorsoventrally flat-
tened {not rounded} with
a greenish-brown colour,
paler below than above.
The dorsal surface is marked
with yellowish longitudinal
bands spotted with black
pigment, while the ventral
surface is irregularly mot-
tled.

— The suckers:a cup-
shaped anterior sucker
with the mouth opening in
its middle, and a larger
imperforated disc-like post-
erior sucker, both are
ventrally directed.

— External annulation;
The body is externally
divided into a large number
of rings or ammoli which
are aclually more numerous
than the true internal segments.
The animal has a fixed
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number of segments, only
33. Every 5 annuli cor-
respond to ome true seg-
ment except at the anterior
and hind ends where the
number of annuli per seg-
ment is less.

Each segment bears on
a certain annulus a trans-
verse row of delicate eleva-
tHons, the segmental
papillae(probably sensory),
some of which are modified
into pigmented eyes on
the first 5 segments. Seg-
ments 7-2g have each a pair
of nephridiopores on one
ofits annuli. The segmental
papillae, eyesand nephridio-
pores furnish important
external markings by which
the actual segmentation is
easily indicated. Try to
distinguish the true seg-
ments using these markings
and confirm your findings
with the following :
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— The eyes are five
pairs on the dorsal surface
of the first 5 segments.

- The nephridiopores
are 17 pars of minute
openings on the wventral
surface, one pair in each of
the segments 7-24 inclusive,
and located on the annulus
immediately in front of the
one bearing the papillae.

— The male genital
opening lics in the mid-
ventral line on the 4th
annulus of segment 1.

— The female genital
opening lies in the mid-
ventral line on the 4th
annulus of segment 12,

— The anus opens mid-
dorsally at the point of
junction between segment
26 and the posterior sucker.

—- Make labelled drawings
of the dorsal and ventral views
of the leech to show its external
Sfeatures.

b) Dissection.

* Leeches arc narcotized in
water to which are added few
cryslals o menthol or magnesium
sulphate, They can then be
dissected. Or, dissected after
preserving the narcotized speci-
mens in either 5 9% flormalin or
70 % alcchol.

* Gently stretch the lecch and
then pin it down through its
suckers to the dissecting dish, with
its dorsal side facing upwards.

* Make a longitudinal incision
through the dorsal surface from
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end io end, better a little to one
side of the mid-dorsal line. Be
careful s0 as not to injure the
alimentary canal beneath. This
canal is bound to the body wall
by connective  tissue and
botryoidal tssue, Carefully cut
through these tissues and pin
down the flaps of the body wall
to the dissecting dish. Note that
an internal arrangement into
segments bound from in front and
behind by septa, as in other an-

nelids,isnot recognizedinthe leech.

* Remove away any tissues
connecting the alimentary canal
with the body wall, and clear
with a paint brush the dorsal
surface of the canal and note :

i) The Alimentary Canal:

— The buccal region
leads from the anterior
sucker. Open it so as to see
the three serrated chitinous
Jaws, one dorsal and two
latero-ventral. These jaws
inflict a characteristic tri-
radiate wound on the
body of the host when
attacked by a living leech.

— The pharynx extends
in segments 4-7 and is atta-
ched to the body wall by
radiating muscle strands,
which help in producing
the pump-like action for
blood sucking. Note the
presence  among  these
muscle strands of diffuse
salivary glands which
open into the pharynx
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(secrete hirudin, an enzyme
which prevents blood clot-
ting).

* Take out some of the salivary
glands on to a slide and examine
under the L.P. to see that they
are large cells which open by
means of their processes (act as
ducts) into the pharynx,

— The crop is volum-
inous, extends along 11
segments (8-18 inclusive)
and comprises 11 thin-
walled chambers, each
produced laterally into a
pair of diverticala or
caeca (which become larger
towards the posterior end
and store blood); the last
pair is the largest and is
in the form of two ¢longated
sacs which reach the post-
erior end of the body.

— The stomach is the
digestive region, starts by
a small globular portion in
segment 19 and runs
medially backwards. Cut
it open to see the spiral
folding of its internal
mucosal limng.

— The intestine follows
from the stomach as a
short narrow tube, and
opens through a short
rectum to the outside by
the anos

— Make a labelled drawing
of the digestive system of the
leech.

—Howdoes theleechfeed?
Describe itsdigestivesystem.
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ii) The  Circulatory
System :

The leech has no closed
vascular system, Its circulat-
ory system is in fact a
reduced coelom consisting
of a number of sinuses and
vessels containing red blood.
These are :

— The dorsal blood
sinus runs medially, dorsal
to the gut.

* Remove the alimentary canal
carefully and note :

~— The wventral blood
sinus cxtends in the mid-
ventral line. It is con-
nected with the coelomic
sacs around the gonads
and nephrostomes, as well
as  with the lateral
blood vessels, through the
spaces In the botryoidal
tissuc.

~— The two lateral
blood vessels arc undulat-
ing, lie ventrolaterally and
give ofl branches to the
body wall. They differ
from the blood sinuses in
having contractile mus-
cular walls.

— Describe the circulatory
system of the leech. How
does this animal rcspire ?

iii) The Reproductive
System :

The leech is a

hermaphrodite.

~— The male system
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consists of g pairs of testes
(sometimes 10) lying along
the sides of the ventral
blood sinus in segments 13-
21. Each testis is enclosed in
a coelomic sac. A short
vas efferems comes out
from every testis. The g
vasa efferentia of cach side
open into a long vas
deferens. This coils up
anteriorly in segment 11
forming an epididymis or
seminal vesicle, from
which comes out a trans-
versely - directed ejaculat-
ory duct. The two ejaculat-
ory ducts open into
a prostate gland from
which a curved muscular
penis opens to the exterior
by the male genital
opening (on segment 11).

— The female system
lics in segment 12. It
consists of two ovaries
which are coiled and each
is enclosed in a small ¥lobu-
lar coclomic sac. T'wo short
oviducts follow and unite
in a common oviduct
which leads into the vagina.
The walls of the common
oviduct are richly provided
with  albumen --secreting
cells, hence comprise an
albumen gland. The
vagina bends anteriorly
and opens to the outside
by the female genital
opening (on segment 12).

< 49

(v By ookt e gt e
Sl ) e I e o
DYV A O
DS s G Tl e ST
a5 o G_J;:-'J ¢ Sk
gLl 5.:.9)'9'! c’.ﬁ.y) ¢ Lo sley
B sloy G Sl 5 e San
G gy oUW ) e b
oy 4 By TS 1y 2ad
ljjh ¥ Lt" EJ;E u;Jl ¢« &g
iy o Lo Tabil e
S Uy 5u8 3 Olaslalt oL 4
o5 (e e e e %
By S5 bk Bl o W1 S

VY e 9)

S puy gVl —
el p S ¢ VY Al
s ol b STy ¢ Gisle
o5 ¢ e &9 S ke S
Oldoi ¢ OUpeal yan BBl
635 ke Ly 8L 5,ST Tas
A ALELE ada Oy foglt J)
shy AN B A LY L
BT 58 05 ¢ g (Y
d J s o (it
drcilly o U U C"f’-ﬁ eI
S VY a5y A AL

¢4



Note that the left ejaculat-
ory duct as well as the
left oviduct pass trans-
versely below the ventral
blood sinus.

— Make a labelled drawing
of the reproductive organs of
the leech.

iv) The Excretory System:

This consists of 17 pairs
of nephridia lying in seg-
ments 7-23. A nephridium
is built up of a twisted
glandular portion and a
spherical muscular bladder
which discharges  the
waste products through a
nephridiopore. The
glandular portion extends
inwards and opens by a
nephrostome into a
coclomic sac, which is the
testis sac in the segments
containing testes.

— Make a labelled drawing
of a nephridium.

v) The Nervous System:

Note that this system
consists of a pair of
suprapharyngeal ganglia
lying above the pharynx
and connected through a
pair of circumpharyngeal
commissures to a double
ventral nmerve cord that
runs within the ventral
blood sinus. There are
apparently 23  double
ganglia on the nerve cord,
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which give off nerves. The
first of these ganglia — the
subpharyngeal ganglion
—is relatively large as it
represents 5 fused cmbryonic
ganglia. The last ganglion
is also the product of fusion
of 7 ganglia of the segments
which participate in the
formation of the posterior

sucker. Between these two com -

pound ganglia there are 21
simple ganglia, each lying
in the middle annulus of
one segment,

— Make o drawing.

c) T.S. of the Body.

Examine and note the
following layers :

— The skin is formed of
a thin cuticle secreted by
the underlying epidermis,
This is built up of a simple
columnar epithelium with
modified glandular  or
mucus-secreting cells. The
dermis follows, consisting
of a matrix containing
pigmented cells, muscle
fibres and a capillary net-
work.

~— The muscles are
complex and formed of an
outer layer of circular
fibres,crossed by oblique
fibres, and of an inner
and much morc extensive
layer of longitudinal
fibres. Bands of dorso-
ventral fibres run across
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the body from the dorsal
to the ventral surface.

— The blood spaces
are easily scen because of
the presence of blood. They
are the dorsal sinus, vent-
ral sinus, containing the
double nerve cord, and the
two lateral vessels.

— The gut appears in
the section as three large
conipartments representing
the crop and twe of its
diverticula,

-—The nephridia licone
on cither side of the body,
close to the lateral vessel.

— The testes, two in
number, lic one cr each
side of the ventra: sinus,
within a testis sac.

—The coelom is greatly
reduced, being represented
here by the dorsal and
ventral blood sinuses, the
testes sacs, the ovaries sacs
and probably also the late-
ral blood vessels. The space
between the body wall and
the gut is [filled with a
predominant conncctive tis-
suc with scattered cells and
fibres. Close around the
gut and the blood spaces
there is a pecculiar spongy
tissuc consisting of large
cells loaded with pigment —
thc botryoidal tissue.

— Make a lebelled drawing
of a T.S. of the body of the
{eech.
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CHAPTER 1O

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, hke the Annelida,
bilaterally symmetrical with
a distinct metameric seg-
mentation, have coelomo-
ducts and a nervous system
built up on the same plan
like that of the Annelida,
that is, with two dorsall
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, onc pair per
segment In most cases, of
which at least one pair
functions as jaws; a more
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obvious cephalization; an
exoskeleton of a tough
chitinous secretion of the
epidermis that becomes
flexible upon the ap-
pendages and trunk so as
to provide joimts; 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 coelom, which is
the main body cavity in
the annelids, has become
considerably reduced in
size. Neither nephridia nor
cilia {except in Peripatus) are
present, but with one or
morc pairs of coelomoducts
as gonads and often 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 :

I. Class
ONYCHOPHORA

This class comprises small
forms with a soft rounded
body, the exoskeleton being
thin, and their body and
appendages arc unjointed.
The head is not well marked
off from the rest of the
body or trunk and is formed
of g scgments, the first is
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preoral with preantennae
and the other two are
postoral carrying two pairs
of appendages modified as
jaws and oral papillae
respectively. It also bears
simple vesicle-like eyes. The
trunk consists of uniform
segments, each of which
bears a pair of parapodia-
like limbs ending in 2
claws. The body wall has
an outer circular and an
inner longitudinal muscle
layer and is covered with
thin cuticle. The respira-
tory system is of the
tracheal type and the
spiracles are scattered
irregularly on the body.
Excretory  organs  are
nephridia - like and
segmentally arranged with
ciliated coelomoducts.
There are cilia in the
genital ducts. Sexes are
separate and development
is direct.  The nervous
system is simple with a
dorsal brain, an oesophageal
ring and two widely
separate latero-ventral
nerve cords.

The Onychophora are
the most primitive Arthro-
poda, and apart from their
haemocoelic body cavity
and tracheal respiratory
system their structure is
mainly annelidan. Some
authorities prefer to consider
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them to form a separate
phylum standing half~way
between the Annelida and
the Arthropoda. All the
living forms are terrestrial
with a discontinuous dis-
tribution in the tropical
and subtropical forests.

Peripatus

The species of this genus
live in the damp forests in
many parts of the world,
where they remain below
leaves, bark, stones and the
like. They are nocturnal
and carnivorous, feeding on
insects which they catch by
means of the slime they jet
from their oral papillae.

a) External Features.

Examine the provided
specimen of Peripatus and
note ;

— The body form,
caterpillar-like, soft and
rounded, without external
segmentation. The first
segment persists {disappears in
the adult in all other Arthropoda)
and carries a pair of long
feelers called the pre-
antennae, The mouth lies
ventrally in this segment.
There are paired metameric

appendages on the trunk which Llis JALEH “L::..v

differ in number according
to species. ™ote the presence
on the skin of numerous
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conical tubercles(thought
to be tactile).

— Examine the head
with a hand-lens and note
that the preantennae are
ringed and beset by
tabercles (main sense
organs). Two simple eyes
are present on the dorsal
surface, each one lying
posterior to the base of a
preantenna, and has a
shining spherical lens . In
the sides of the mouth are
two jaws (appendages of
the 2nd segment) armed
with cutting blades. Lateral
to the mouth are short
processes known as the oral
papillae (belong to 3rd
segment} which are also
ringed and on which the
slime glands open.

—- The trunk append-
ages, are all alitke and
arranged in pairs along the
sides ‘of the body. Each
appendage consists of a short
hollow cone bearing at its
distal end a spinose pad
and a retractile terminal
foot with  prominent
tubercles and two recurved
claws; a nephridiopore
opens on the ventral side at
the base of each. Crural
-or coxal glands arc found
in the male and open also
close to the nephridiopores,
The anus is found at the
posterior end and the single
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genital opening lics bet-
ween the last pair of legs.
— Make a drawing.

b) T.S. of The Body.

Examine a T.S. of
Peripatus and note :

- The skin is formed
of the epidermis, covered
by a thin chitinous caticle,
and the dermis.

- The muscles are
arranged in an outer layer
of circularfibres, and an
inner layer of longitadinal
fibres divided into a scries
of bundles.

— The body cavity is
haemocochic and divided by
muscular partitions into :
a dorsal campartment —
the pericardial cavity —
enclosing the heart; a
median compartment
below the latter surrounding
the gut, gonads and slime
glands; and two lateral
compartments which send
prolongations into the legs
and includc the salivary
glands, nerve  cords,
excretory organs and in the
male the crural glands. The
embryonic coelom is
represented only by parts
of the excretory and genital
organs.

—The appendages arc
hollow and each ends with
a muscular foot bearing 2
claws. The excretory organs
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and crural glands open near
their bases.

— Make a labelled drawing
of a T.S. of Peripatus.

— “Peripatus is said to form
a connecting link between
annelids and arthropods™.
Discuss this statement and
distinguish its features which
are of the annelidan type
and those which are of the
arthropod type.
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II. Class TRILOBITA

The trilobites, like the
onychophorans, are ances-
tral forms with primitive
features. But, while the
Onychophora are widely
divergent from the common
arthropod  classes, tle
Trilobita are closely related
to the next class , the
Crustacea.

The trilobites, however,
are entirely extinct and used
to live during the Palacozoic
era, some 200 million years
ago. They also used to be
very numerous but became
extinct during the mesozoic
cra. Thus our knowledge
about the Trilobita comes
entircly from fossils.

The body was moulded
into three labes (hence
derived their name) and
was distinctly formed of
head, tliorax and abdomen.
They had one pair of
uniramous prcoral anten-
nae, and paircd jointed
appendages to all the
postoral somites.  These
appendages werce nearly all
alike, each had two rami
{an exopodite and an
endopodite).

Examine the moulds and
casts of some fossil trilobites
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and try to distinguish the
diagnostic features of the
class :

—The head(5 segments)
was covered by a carapace
or cephalic shield in
which an axial part or
glabella and two lateral
cheeks may be recognized.

— The thorax and
abdomen were formed of
a number of segments
(variable according to
species), each distinguished
into a median axial portion
or axis and two lateral
pleura, The thoracic
segments were free and
movably articulated, while
those of the abdomen were
united and covered dorsally
by a caudal shield or
pygidium.

— It is very rare to see
any tracc of appendages or
other structures on the
ventral surface of such casts.

— Draw,
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III. Class CRUSTACEA

This is a very successful
class, most members of
which are aquatic, living in
the sea or fresh water. The
body segments arc grouped
into three regions different-
iated by their shape and
their appendages and
known as the head, thorax
(both frequently consolidat-
ed to form a cephalothorax)
and abdomen. The head is
formed of 6 segments and
is often protected by a
carapace that arisecs as a
skin fold at its posterior end,
and sometimes extends
backwards to cover some
thoracic segments. The 1st
segment in the hcad is
embryonic, the 2nd and
grd bear each a pair of
antennae {preoral),and the
remaining 4 segments bear
3 pairs of appendages
(postoral) acting as jaws
(the mandibles, tst and 2nd
maxillae). The number of
postcephalic segments varics
in different crustaceans, but
there is typically one pair
of appendages or limbs to
every segment (sometimes
absent from the abdomen).

The appendages are
typically biramous, consist-
ing of a basal stem or
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protopodite and two rami,
an outer exopodite and an
inner endopodite. However,
they may be variously
moedified in form and
function to serve different
purposes as food capture,
walking, swimming, respira-
tion or reproduction.

The exoskeleton is usually
tough and consists of chitin
impregnated with lime salts
forming a scries of hardened
plates or sclerites. These
are coalesced together in
some places and separated
by flexible chitin in others.

Respiration is effected
either cutanecusly or by
gills, which are branched
filamentous or foliaceous
processes of the body.
Excretion takes place by
antennal and maxillary
glands (which are partly
coelomoducts). The sexes
are usually separate, and
development involves usual-
ly the formation of a
nauplius larva. The
larvae and many of the
adult forms constitute an
important part among the
plankton which afTords food
for many fish and other
animals,
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The Prawn
Penaeus japonicus

The prawn is a prominent
member of our marine
fauna, and is highly
esteemed as food. Several
species of prawn are known,
and any of them may be
used for study.

a) External Features.

Examine the specimen
provided and note :

— The general reddish -
grey colour of the body
(becomes orange-pink on
boiling the animal or on
preservation in formalin),
its general appearance and
the hard exoskeleton
which protects it. The
body is divided into an
anterior rigid cephalo-
thorax (head and thorax
consolidated)and a posterior
flexible abdomen formed
of distinct jointed segments
and a terminal telson.

— The cephalothorax
(6 cephalic - all 8 thoracic
segmentis) is covered on all
sides except ventrally by a
strong shield or carapace,
produced anteriorly into a
long serrated and pointed
extension, the rostrum.
The head exhibits no ex-
ternal signs of scgmenta-
tion, and no segmentation is
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visible dorsally or laterally
on the thorax, but can be
traced on its ventral surface,

Note on cach side of the
carapace a  V-shaped
cervical groove that
roughly represents the line
of demarkation between the
head and thorax. Also
note dorsally on the
carapacc the presence of g
deep grooves or sulci;
two of these are the
branchiocardiac grooves
and the third lies in between
and is called the rostral
groove, continuous with
the rostrum. The part of
the carapace bounded by
the two former grooves is
called the cardiostegite,
for it overlies the heart.
The two large convex flaps
of the carapace lying on
both sides of this part are
called the branchio-
stegites, as they cover
the gills on both sides.

On both sides of the
rostrum, two prominent
eyes arc present, carried
on long stalks,

~— The abdomen con-
sists of 6 segments, casily
distinguished both dorsally
and ventrally. It terminates
with a small tail piece or
telson, which™ bears no
appendages but a number
ol minute spines on cither
side, and the amus opens
on its ventral surface.
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Hold the prawn in your
hands to examine the
{lexibility of its abdomen,
Note that the abdominal
scgments can be moved
upon one another only in
a vertical plane (not from
side to side). This move-
ment is aided by the arthro-
dial membranes betwcen
the hardened skeletal covers
of the segments, and the
presenice of a series of peg
and socket hinges on
each side. Each hinge is
composed of a peg-like
process that arises from one
segment and fits in a socket-
like depression in the seg-
ment next in front. Note
also that a high degree of
flexion is possible towards
the ventral side, but the
overlapping of the success-
ive skeletal covers of the
abdominal segments allows
{lexion dorsally to a limited
extent,

-- A pair of limbs or
appendages  arises on
every segment, the most
noticcable are the very long
antennae attached to the
head, the walking legs to
the thorax and the swim-
merets to the abdomen,
Note on the body surface
and the appendages minute
bristles of various kinds,
which are hollow processes
of the cuticle.
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* Cut with a sharp knifc or
razor one of the segmenis [rom
the middle of the abdomen, with
its pair of appendiges. Examine
it to sec its general organization,
its exoskeleton and the structure
of its appendages, and note :

- - The exoskeleton is
composed of the following
hardened pieces or scleri-
tes, welded together to
form a ring around the
scgment : the tergum isa
large convex dorsal sclerite
produced mid-dorsally into
a tolerable earima (more
pronounced on the post-
erior abdominal segments);
the pleura (sing. pleuron)
are two downward project-
ions of the tergum, one on
either side, fringed with
bristles; thc sternum is a
small transverse sclerite
covering the ventral surface
between the bases of the
appendages; and  the
epimera (sing. cpimeron)
are two sclerites, one on
either side, connceting the
tergum with the hases of the
appendages.

— The arthrodial
membranes are soft articu-
lating membranes, formed
by unhardened cuticle, whi-
ch connect the skelcton of
the different segments of
the appendage together and
to that of the segment.

— The ahbdominal
appendage consists of a
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number of segments or
~ podomeres, cach covered
with a tubular hard sclerite,
and all are movably artic-
ulating at joints, bence the
phylum got its name — the
Arthropoda. It has a
basal stem or protopodite
formed of 2 podomeres, a
proximal coxopodite and
a distal bas:pmhte, and
carries 2  rami, an
endopodite nearer to the
mid-line and an exopodite
to the outer side. Such
appendage is a typical
biramous appendage or
a stenopodiom (i.e. with
2 slender rami).

— The muscles are
voluminous and arranged
in fascicula, the two small
dorsal ones are extensor
muscles, while most of the
recmaining fascicula are
flexor muscles. The gut
is seen dorsally, and
the nmerve cord on the
ventral side above  the
sternumr.

— Make drawings of a
lateral view of ithe prawn, and
of an iselated abdominal seg-
ment wilh ils appendages. Label
the parts.

* Lift the lateral edges of the
carapace of a [resh specimen, cut
a piece of the underlying skin,
spread it on a slide in glycerine
and examine it under the L.P.
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‘Note the  numerous
beautifully coloured chro-
matophores in the skin,
The colour of the animal
changes in adaptation to
the colours of the sur-
roundings according to the
distribution of their cont-
ained pigment granules.

b) The Appendages.

You have noted that the
body segments are 20 in
number; the first disappears
in the adult and is therefore
not represented by any
appendages, A pair of
appendages is attached to
each of the other 19 seg-
ments. All these appendages
are believed to be funda-
mentally similar and of a
biramous nature like those
attached to the abdominal
segment which you have
Just examined. However,
you will notice that they
apparently show a great
variety of modifications,
from this typical biramous
condition, by which they
serve various functions. Thus
they provide an excellent
example of the pheno-
menon known as serial
homology, which s
demonstrated by such a
serics of homologous struct-
urcs modified in different
ways and perform different
functions.
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Proceed to study the
appendages in succession
starting from behind (the
least modified) towards the
anterior end (the most
modified),

* Pin down your specimen
to the dissecting dish, dorsal
side downwards, and detach the
appendages on one side, one at
a time as you identify them from
the description and drawings, and
arrange them serially on a sheet
of paper in the dissecting dish,
In order to romove the complete
appendage, hold the scissors in
one hand and cut the appendage
at its base very close to the body,
while pulling it with the forceps
held in the other hand. The
corresponding appendages of the
other side can be studied #r sifu.

The following is a brief
description of the ap-
pendages, their names,
sructurc as well as their
function.

The abdominal
appendages

These are 6 pairs of
typically biramous append-
ages, used mainly for
swimming. The 1st pair,
however, presents some
modifications and assumes

F}

a copulatory function. }
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No.
of segment

(20) Uropods
(6th abdominal)

Protopodite : a
undivided segment.

Exopodite & endopodite :
greatly flattened and fringed
with bristles,

Function: backward swim-
ming.

The two uropods and the
telson in between form a
large swimming-paddle.The
prawn swims quickly back-
wards by means of violent
strokes of the fully expanded
paddle, accompanied with
powerful downward flexion
of the abdomen.

single

(19-16) Pleopods  or
Swimmerets
(5th, 4th, 3rd and 2nd
abdominal)

Protopodite : 2-segmented,
a small coxopodite and a
larger basipodite, [ringed
with bristles.

Exopodite & endopodite :
unjointed, {lattecned, oar-
hke rami fringed with
bristles (the cxopodite is
slightly larger).

Function : swimming.

(15) Gomnopods

(1st abdominal)

These are  modified
pleopods which differ in
the two sexes and thus serve
to distinguish between the
male and the female.
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Protopodite :  similar to
preceding.

Exopodite : similar to
preceding.

Endopodite : in the female,

very much reduced to a
small filamentous structure.

In the male, it is replaced
by a thin folded flap which
unites with its fellow of the
opposite side forming to-
gether the petasma or
curtain. When the petasma
is turned forwards it reaches
the male openings, receives
the spermatophores and
then passes them to the
female during pairing,

Function ; sexual,

The thoracic appendages

These are 8 pairs, the
posterior 5 are ambulatory
legs,cach has one of its
rami very much clongated,
cylindrical and movably
jointed thus adapted for
creeping or walking; some
of them have moreover
developed devices for food
capturc. The anterior g
pairs assist in feeding and

are  hence  called  the
mazxillipeds.
(14 &13) Pereiopods or

Walking legs

(8th & 7th thoracic)

Protopodite : 2-segmented;
the male genital opcnings
lic on the coxopodites of the
8th pair.

<« 46

A At 4V dazy

AL d b 1 Akl B

AP S R W (B RE
o 2Ol T'JP.-(?-J-U

Loyl gl o S 3 U

Bt ey oz 223, A
T U‘:‘Jg‘ ¢ J":"\"”‘ “——-’u'" w
db Hdl e L, | §ladi
ol ) i B el
Jeizzd ¢ o ST u‘..L,.LJi

b e gy Gl il s
. C.JL—“ zL.l\ {_; L9J\‘“
i 1 Azl
el Ll
AR I A B
o JSI ¢ BN Jori ts 2L
0}5 J.H.LL..-'l 4.1..11..-» 4...:..-r

L.f_‘,.‘»- bL.a.G.C ALMJ d..:l,la.-l
csthl ol slee o F
215 3L BLaYL Ll and O Yo
YU e L iy
om Y el Ly )
LA W s
il et (e ey
(Olmldly Szt Ok jaally
::\:jjil'l aszl
Ol S Skl Ozl iy
L g e A il e
Vi

¢ ousdd b



Exopodite :
reduced.

Endopodite: much elongat-
ed, cylindrical and formed
of 5 podomeres connected
by movable joints and
named, from the base distal-
ly : ischiopodite, mero-
podite, carpopodite,
propodite and dactylo-
podite.

Funciion : walking.

(12,11 &10) Chelipeds or
Pincer-legs

(6th, 5th & 4th thoracic)

Protopodite : 2-segmented;
the female genital openings
lie on the coxopodites of the
6th pair.

Exopodite :
preceding.

Endopodite :  similar to
preceding except that the
propodite elongates and
forms with the dactylopodite
a pincer or chela.

very much

similar to

Function : food capture

and defence, besides walking.

(o) 3rd Maxillipeds
(grd thoracic)
Protopodite : 2-scgmented.
FExopodite: many-segment-
ed, filamentous and supplied
with long bristles,
Endopodile : 5-scgmented
as preceding but without
chela, and fringed with
bristles.
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Function : holding food
(while it is shredded with
the appendages in front).

(8) 2nd Maxillipeds
(2nd thoracic)
Protopodize : similar  to

preceding.

Exopodite : similar to
preceding, but larger.

Endopodite : smaller than

preceding, and curved in-
wards. Its segments bear
numerous bristles which

intersect forming a sieve.

Function : shredding and
straining food.

(7) 1st Maxillipeds

{15t thoracic)

Protopodize : of 2 flattened
segments which  project
medially into 2 flattened
processes or endites bearing
stout bristles, thus forming
a  blade-like  bipartite
gnathobase. Towards the
outside it carries a broad
foliaccous epipodite.

Exopiodite : forms a broad,

flattened and unjointed
lamina,
Endopodite : {ilamentous

and much reduced than
preceding.

Funetion @ shredding food.
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The head or cephalic
appendages

These are 5 pairs, the
posterior 3 pairs lie behind
the mouth opening, hence
called oral appendages
and are modified as jaws;
the antecrior 2 pairs are
preoral appendages and
assume sensory functions.

(6) z2nd Maxillae
{5th cephalic}
Protopodite : similar to
precceding, but develops two
bilobed cndites forming a
gnathobase.

Exopodite : forms together
with the cpipodite a large
flattcned plate known as
the baler or scapho-
gnathite, whose vibratory
movements create a
respiratory water current
over the gills.

Endopodite : filamentous
and very mnch reduced.

Function : manipulation of
food and production of
respiratory current.

(5) 1st Maxillae or

Maxillules

(4th cephalic)

Protopodite : forms 2

flatténcd  endites fringed

with strong bristles.
Exopodite : absent.
Endopodite : very small

and segmented.
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Function : manipulation of
food.

(4) Mandibles
(3rd cephalic)

Protopodite: forms a heavy
unjointed jaw, bearing
strong teeth on its medial
edge.

Exopodite : absent.

Endopodite : forms a 2-
segmented  mandibular
palp.

Function : grinding food
and forcing it into the
mouth,

The mouth opening lies
on the ventral side between
the two mandibles. A small
soft, shield-like labrum or
upper lip stands in front
of it, and a bilobed lower
lip (or metastoma) behind
it.

(3) 2nd Antennae

(2nd cephalic)

Protopodite; 2-segmented;
the coxopodites bear the
openings of the excretory
glands (greem glands).

Exopodite : forms a broad

stout plate called the
squame.
Endopodite : forms an

extremely long; filamentous,

many-segmented  feeler,

bcaring sensory bristles.
Function : tactile.

(2) xst Antennae or
Antennules
(1st cephalic)
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Protopodite ; 3-segmcnted.
The proximal segment is
the largest, with a large
dorsal concavity or orbit
in which the eyeball rests,
and a small pit at the base
housing the statocyst, the
balancing and auditory
organ. A small process
fringed with bristles and
called the eye-brush arises
on its inner edge.

Exopodite & endopodite .
2 short, slender, many-
jointed rami of about cqual
length.

Function: tactile, chemical
sensation (olfactory and
gustatory), balancing and
auditory.

Eye stalks
These are 2-segmented

and arise immediately above

the antennules. They are
sometimes counted as modi-
fied appendages serially
homologous with other
appendages, but arec now
believed to belong to the
prescgmental region of the
body.

¢) The Gills.

Penaeus respires mainly by
gills which are branched
filamentous outgrowths of
the body surface through
which blood circulates. They
lie on cither side of the
thiorax, enclosed in a narrow
branchial chamber on
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each side, covered by a
branchiostegite. A strong
respiratory current of water
is driven from behind for-
wards in these chambers by
the alternate beating of the
anterior and  posterior
portions of the scapho-
gnathites.

* Lay the prawn on one of its
sides, the side from which the
appendages had been taken out,
and pin it to the dissecting dish.
Remove away the branchiostegite
on the other side facing you to
expose the gills.

Examine the gills and
note that they are arranged
in g3 series :

— Pleurobranchiae
arise singly from the side
walls of the throacic seg-
ments, dorsal to the arti-
culation of the appendages.

— Arthrobranchiae
arise in pairs {each consists
of an anterior and a post-
erior gill}from the arthrodial
membranes at the bases of
the appendages.

—Podobranchiae arise
singly from the coxopodites
of the appendages.

In addition, there are the
epipodites (or mastigo-
branchiae) arising singly,
each as a bilobed lamina
fringed with few gill-fila-
ments, from the basipodites
and turn upwards between
the gills.

<— By

ey . it el el
Sl Ll LU LW
Sod Uhza T ol S
o amia oW op G Conis Tl
it o8l e ) R

UCITR PPV RPN Y PP SE A PIE I

s 3y ¢ SLEY @ el G
o 2L Gl é ¢ bl o A
LG 3 ) PPS PP | R TR

R

aptey (L IR A
el i Dtk Okt e
UL hadd wdle Ggb

Tagy, o ddeadll S —
g3 05 05en) Bt bl
o (G AD bl s oo
b Yels el dl 222

legy, Bt oSS —
LB LB AN e D3

C el sl U BULYL,
1 ) gl A g
Lor IS &3 L5 (S (g
by 2 e pead S IS
AT o Ehdy ¢ Zl:li Auaglti
X C:.,L:J-'i et Ay el
AY




Determine the actual
number and distribution of
each of these types of
branchiae in your specimen
and confirm your findings
with the following table
which expresses the bran-
chial formula characteristic
of Penagus japonicus :

o J,Q (_;:EJJ Sl adee

S lnish oSN adn gl
Jf dmasi L L;.E.s-‘rl ¢ e
dll o s 0 QU padity

H Tty tanel gt A

Thoracic segment &, il

t;#l"
I IT (1T | IV | V | VI | VII|vIII| Total
2Ll ALL
i s o . . . . . .
Pleurobranchiae < @
ilaall Fu. iz i 2
Arthrobranchiae 1 - B,
| 2 2 2 2 1 o |4 ©
reduced T o
U I 2l 3t
e 0 tfojJo|ofof|o|oln a2
Podobranchiae 2B
7 o
bl ratl
. I T I I I 1 0 o
Epipodites

Examine any of these gills
and note that it consists of
a stem or gill-axis, attached
near one of its ends and
bears a large number of
primary branches on each
side, The branches of
cach side are curved in
half a circle and give off
numerous minute branched
gill-filaments on their
outer edges. Such gills are
known to be of the dendro-
branchiate type, character-
istic of Penaeus.
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* With the help of fine scissors
cut off transversely a small piece
af the gill, mount it on a slide
and examine under the L.P.

Note the form and
branching of the gill-
filaments, and the gill-axis
containing two blood chan-

nels, the affereat and
efferent branchial
sinuses,

— Draw.

d) Dissection.

* Lift up the lateral margins
of the carapace and carefully
separate it from the underlying
tissues with the scalpel and
scissors. Cut longe the carapace
at its anterior margin and
remove it completely, taking care
not to remove with it the heart
which lies immediately below its
posterior region.

* With the help of the forceps,
remove the terga and pleura on
all the abdominal segments. The
abdominal musecles are thus
exposed.

* Pin down the prawn to the
dissecting dish, with 1its dorsal
side lacing upwards,

i) The Heart and Main
Vessels.

The body cavity is
largely haemocoelic and
forms, in the mid-dorsal side
of the thorax, a large
pericardial sinus. The
heart lies within this sinus.
Note its smalil size, tri-
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angular outline and its 3
pairs of ostia, two on the
dorsal and one on the
posterior side.

Blood leaves the heart
anteriorly through the
ophthalmic, two anten-
mary and two hepatic
arteries, and posteriorly
through the abdominal
artery which branches
near its origin giving
the descending sternal
artery.

Blood enters the peri-
cardial  sinus  through
efferent branchial sinus-
es and passes to the heart.

— Make a drawing,

ii) The Reproductive
System.,

You have noticed that
the sexes are separate. The
two sexes can be disting-
uished  externally by
their different gonopods and
the relatively smaller size
of the male. The reproduct-
ive system, however, s
built up internally on the
same plan in both sexes.

* Remove the heart as well
as the two narrow longitudinal
muscular bands (extensor
muscles) running on the dorsal
side of the abdomen, thus the
gonads are [ully exposed.

— In the male, note
the 2 testes, cach consisting
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of a broad lobed anterior
portion lying in the thoracic
region immediately below
the pericardium, and a long
narrow posterior region
extending dorsal to the hind-
gut along almost the whole
length of the abdomen.
However, the posterior
portions of the two testes
are united togcther across
the middle line. A wvas
deferens arises on the outer
side mnear the junction
between the two portions of
each testis. It presents a
thick walled, convoluted
and glandular proximal
portion, which is turned
forwards over the digestive
galnd, and a terminal swol-
len wvesicula seminalis
that opens by a male
genital opening on the
coxopodite of the B8th
thoracic appendage.

- - In the female, the
2 ovaries generally resem-
ble the testes in shape and
position, each consisting of
a broad lobed anterior
portion and a narrow
straight posterior one, The
oviduct is thinner and
simpler than the vas
deferens. The two oviducts
pass downwards to opcn on
the coxopodites of the Gth
pair of thoracic appendages.
Great care is nccessary to
follow the coursc of the
oviduct among the thoracic
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muscles with which it may
be confused.

A pouch-like external
organ called the thelycum,
formed of two flattened
outgrowths with a common
base, arises on the sternum
of the 8th thoracic segment
and hangs down between
the last pair of thoracic
legs*. It apparently serves
as an ecxternal seminal
receptacle, receiving the
spermatophores ~ deposited
by the male.

— Make drawings of the
reproductive  system  in both
sexes,

iii) The Digestive System.
* Carefully remove the gonads

so as to display the digestive
system bheneath it, and note :

— The mouth leads
into the stomodacum
{ectodermal in origin and
thus lined with cuticle
continuous with the
exoskeleton). This consists
of a short oesophagus
which leads into a spacious
stomach. The latter is
divided by a constriction
into an anterior cardiac
portion or grinding

* In some other species of
Penaers the seminal receptacle is
in the form of a median pouch
in the exoskeleton, enclosed by
sternal processes arising from the
Iast two thoracic segments,
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stomach,and a posterior
pyloric portion or sifting

stomach. The chitin lining’

the stomach is thickened
forming crushing teeth in
the cardiac chamber and
sieving setae in the pyloric
one. Two pairs of gastrie
muscles, one anterior and
the other posterior, insert
ofi the dorsal wall of the
stomach and serve to move
it, thus help in produc-
ing the crushing mechanism
within it,

— The mesenteron
(endodermal, not lined with
cuticle) is a very short
narrow tube. Two large,
light-coloured lobed masses,
the digestive glands
(secretory and absorptive),
lie one on either side of the
mesenteron and discharge
through wide ducts into it.
Each is formed of an enor-
mous number ol fine finger-
like caeca.

~— The proctodaeum
(ectodermal, lined with
cuticle) follows behind the
mesenteron in the thorax
and extends further along
the whole length of the
abdomen as a long narrow
straight tube. It opens
cxternally with the anus
on the ventral side of the
telson.

—  Make a labelled drawing
of the digestive system.
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* (lut the stomach at both ends
and take it out. Slit it open from
the ventral side, spread it flat,
clean it out [rom the contained
food and examine its lining with
a hand-lens to see the thickened
teeth of the gastric mill and the
sieve in the pyloric chamber.

* Pull away a part of a digest-
ive gland with the forceps, mount
it on a slide in glycerine and
examine under the L.P. the
nature of its caeca.

— Write an account of
the alimentary, respiratory,
circulatory and reproduct-
tive systems of the prawn.
In what respects do these
systems differ from the
corresponding systems of
the earthworm ?

iv) The Nervous System.

* Remove the alimentary
canal, except the oesophagus.

* With the scalpel, cut medial-
ly between the large flexor
muscles of the abdomen till the
nerve cord is exposed. Press
apart these muscles and pin
them to the digsecting dish.

* Proceed very cautiously for-
wards, cutting in the middle line
with the scissors through the
chitinous endophragmal skeletal
plates found on the ventral side
of the thorax and exposing more
and more of the underlying nerve
cord, till you reach the anterior
end of the head.

You will find the nervous
system to consist of pairs of
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segmental ganglia,giving
off nerves, and joined to-
gether by a double nerve
cord. Examine more closely
-and note :

—- The cerebral or
supraoesophageal gang-
lia form a large ganglionic
mass found in front of the
oesophagus, betwcen the
bases of the antennae. From
this mass § pairs of ncrves
are given off to the ecyes
and the segments of the
antennules and antennae.

—The suboesophageal
ganglion lies behind the
oesophagus, and is con-
nected to the cerebral
ganglia by two long cords
called the circumoesopha-
geal commissures which
run on both sides of the
oesophagus. The ganglion
gives off 5 pairs of nerves
on both sides to the mandi-
bles, 1st maxillae, 2nd
mazxillae,and 1st and 2nd
maxillipeds, and their
segments (thus probably
composed of 5 pairs of
ganglia fused together).

- The nerve cord runs
from the suboesophageal
ganglion backwards along
the mid-ventral line and
carrics a number of paired
segmental ganglia. Six of
these ganglia are conspic-
uous in the thorax, giving
off nerves to the segments
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carrying the grd maxillipeds
and the five succeeding
thoracic segments, and six
in the  abdomen giving off
nerves to its segments; the
posteriormost ganglion Is
the largest and gives off
nerves to the uropods and
the telson. o
The two halves of the
cord, especially in the
abdomen, are somewhat
coalcsced so that the double
nature of the cord is
obscured, except between
the 4th and 5th thoracic
ganglia where the two
halves of the cord are
separated and leave a gap
in betwcen, the sternal
gap, through which the
sternal artery passes.

—  Make a labelled drawing
of the nervous sysiem.

— In what respects does
the nervous system of the
prawn differ from that of
the earthworm ?

¢) The Eyes.

Examinc a prepared L.S.
of the cye of Penacus and
note that it is of the
compound type, consisting
of a large number of visual
units called the ommatidia
which are more or less
isolated from each other.
The cxoskcleton is cont-
inued over the eyes as a
transparent cuticle, divided
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into  numerous  small
corneal facets,below each
of which there is a single
ommatidium. Note that
each ommatidium is com-
posed of (from outside
inwards) :

— The cormeal lens
is secreted by two flattened
epidermal or cormeagen
cells found below it.

~— The crystalline
come i3 a transparent
refractive body produced in
between 4 long vitrellae or
crystalline cells.

— The retinula s
formed of 8 pigmented
sensory retinula cells,
arranged about a central
transversely striated rod
called the rhabdome. The
inner ends of the retinula
cells penetrate the basement
membrane,upon which all
the ommatidia rest, and
continue into nerve fibres
which pass into the optic
nerve.

— Pigment cells (cont-

aining black pigment),
form a complete thin
cylinder around the

ommatidium, isolating it
from neighbouring om-
matidia. These cells are
especially condensed around
the crystalline coneand the
rhabdome.

— Draw.

— %

e i Sl ] ppeis
Lo JS Jaul oy 53t
S L J5 O (L By
Do (L g e

Ol Waj a5y ¢ 43,3 el —
Wy o Bl o1 Ok 2
.+ Lelawd Slaisy Oliomdalia

r..:_-_,hj ¢ s gl .b_,)%l —_
do ¢ oslak 14,40 at ety
B g U o Ol lo
Ak

Ao SH o ASeH -
bt Lheo Al 1800 LM
lekivr bz & Sn Lae Jp
Gy . Al s Ldg
ASLA L Al Cst bV
ade 55,0 gl gleldll kil
UL ) dxdy ¢ ool o
Lol 05 W) gy paret At
. gl

Jde ) &heo LM —

3, Bhlad 9SG ¢ (el foo
o Was ¢l Jp ALK
LS oda 3570y . 3y 5l ol
Gkl by - Aol diy

- Ayl

fa_ﬁ....
4t



L
o X e
antennule M I_a.ﬂ w
P median eye
b N
W] S5
antennd o enna
e LS
mandible rudiments of mandible
maxillae D
ey L Ja V8 488 Y
Nauplios larva 15t maxilliped
wul HLE
2nd maxilliped :
-" - ’_
'Y P e [ P
ot antennule il W) d.rb{J'l
o Protozoaea larva
antennd
= P ] Sl gyl A !
’ g mandible rastrum cephalotharax abdomen

W9 by SN (G as
15t madilliped pr_ Q maxillule
W LKA b iy
+ d . [Tt
Ird maxililped maxilla antennule
_ o &Y
At tall Jae aily) ol o . ! abdominal
appendages of abdomen aRtenna 4 e ) 3 appendages
thoracic scgments 4-8 thoratic
appendages
ol R Al
telso uroped
" e & i e
k - telson
Ly L0 Mysis lara
Foaea larva ¥ U"J.‘.-'T" v Al
p- Larvac of Penacus *
w2 _— ey ot
d Nt
gntennule i, antenna anteninule
T P A H
utled 4 4 /3 W S i oot
““‘“’& 7 1Ly L 304 mailiped cheliped
E ¥, i
) | | '
J ) il A

cephalethorax

-"’—-—“t G:l | J"J‘
RS Q\\ walking legs

\ a Lok iy ;,1!
y I &l st abdomen abdominal
abdomen I 4th thoratic appendages
A appendage
ity Lyli S5 Lokl ol 221 8 sl 5 by e S0
Phy]lost;ma larva of Panulirns \‘, :;;:::::-c Megalopa larva of Nepm-.nus

bt ey
CRUSTACEAN LARVAE




— Compare and contrast
the structure of Peraeus with
that of Peripaius.

f) The Larval Stages.

Development of Penacus
involves a process of
complete metamorphosis.
The eggs hatch out carly
in a simple free-swimming
larva which adds gradually
morec and more scgments
from in front backwards,
thus passes into a series of
pelagic larval stages until
it attains the fully formed
animal. Examine the
following larval stages and
note :

— The nauplius larva,
with a minute oval un-
segmented body, a simple
median eye, 2 terminal
sctac and 3 pairs of
appendages, the first is
uniramous (corresponding
to the antennules) and the
other two pairs are bi-
ramous {corresponding to the
antennac and mandibles).

— The protozoaea
larva,with a more elongated
body, on which most of the
thoracic  scgments  are
defined, but the abdomen
i1s still unsegmented and
has a furcate termination.
Note the rudiments of the
maxillae, 2 pairs of large
biramous maxillipeds, the
carapace covering  the
anterior part of the body,
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and the rudiments of the
paired eyes showing bencath
it.

~— The zoaea larva,
with paired eves, well
developed biramous maxil-
lae, the 3grd pair of
maxillipeds, rudiments of
the other 5 pairs of thoracic
appendages, and a seg-
mented abdomen carrying
larger bilobed rudiments of
6 pairs of appendages.

— The mysis or
schizopod larva, with the
carapace developed ant-
eriorly into a rostrum, all
thoracic appendages well
developed, a much elong-
ated abdomen, and better
developed abdominal
appendages.

— Make drawings.

OTHER CRUSTACEA

The Crustacea form a
very successful group of the
Arthropoda. [t comprises
a2 tremendous number of
forms which present a wide
range of structural diversity.
Penaeus was  chosen  for
laboratory study as an
example of the Crustacea
only because it is large and
easily available. Itrepresents
in fact a rather specialized
and highly differentiated
group of the Crustacea, viz.
subclass Malacostraca.
Nevertheless, the crustacean
characters exhibited by the
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prawn help in under
standing the organization of
other crustaceans. The class
is divided into 6 subclasses:

A.Subclass BRANCHIOPODA

The most primitive crust-
aceans; all are free living
and the majority inhabit
fresh water; with usually a
carapace; compound eyes;
reduced oral appendages;
large and varying number
of trunk (postcephalic) seg-
ments which end by a
telson bearing two caudal
rami; at least 4 pairs,
usually more, of foliaceous
trunk appendages; develop-
ment with metamorphosis
through a nauplius stage;
and parthenogenesis is com-
mMorn.

1. The Brine Shrimp

Artemia

This crustacean is very
peculiar in withstanding
high salinity, thus occurs in
salt lakes and marshes. In
Egypt, it is very common
in the Wadi Natroun and
in the neighbourhood of
Alexandria. It is reddish
in colour and gives the
water a rosy tint. It displays
sexual dimorphitm.

Examine preserved speci-
mens of Ariemia with the
L.P. and note :
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— The body is elong-
ated, many-segmented and
differentiated into head,
thorax and abdomen.
There is no carapace.

— The head carries apair

of stalked compound eyes,

a sessile simple mecian
eye, and the 5 usual pairs
of cephalic appendages :
slender uniramous anten-
nules tipped with sensory
bristles, thicker uniramous
antennae (but converted
into large,powerful, 2-scg-
mented claspersin the male),
mandibles without palps,
very small maxillales and
reduced maxillae.

— The thorax is formed
of 12 distinct segments and
carries 11 pairs of leaf-like
appendages or phyllopodia;
the 12th segment bears the
genital opening and a pair
of appendages modified in
the male into a pair of
copulatory organs, and
in the female fused around
the genital opening to form
a single large egg pouch.
The phyllopodia are all
alike and adapted for swim-
ming, respiration and filter-
feeding by sieving food
particles from the water
and passing them forwards
to the mouth. Each consists
of a flattened stem carrying
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numcrous  bristle-fringed
endites and a gnathobase
on its inner side, and an
exopodite and a thin
walled branchia on its
outer side.

— The abdomen is
slender, formed of 6 limbless
segmentsand a telson (usu-
ally fuscd to the last segment)
bearing 2 unsegmented
caudal rami and the anus.

— Make labelled drawings
of male and female Ariemia.

. The Water-flea
Daphnia

This is a cosmopolitan
genus which inhabits fresh-
water sheets.

a) External Features.
Examine a whole mount
of Daphnia and notc :

* — The body is egg-like,
bilaterally compressed,
drawn out posteriorly into a
long dorsal spine and divi-
sible into a bead and a
few-segmented trunk. A
bivalve-like carapace, of a
single folded piece, covers
the irunk andits append-
ages, but not the head.

— The head is flexed
downwards and produced
into a beak-like rostrum.

It carrics a sessile compound 7

median eye, uniramous
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antennules tipped with
sensory bristles (small im-
movable in female, but
large and movable in male),
very long biramous anten-
mnae carrying plumose hairs
(the chief locomotory organs
whosc strokes cause the
animal to jump in water
like a {lea), the mandibles,
small maxillules, but no
maxtllee. Owing to the
downward flexion of thc
head, the mouth is directed
posteriorly, and the anten-
nules lie below and a little
behind the antennae and
eyes.

— The trumk  has
obscure scgmentation, its
anterior region carries §
pairs of foliaceous append-
ages, the posterior region
(probably g3-segmented) is
limbless, flexed downwards
and ends in a telson bearing
a pair of toothed caudal
rami. The trunk append-
ages are modificd phyllo-
podia resembling thosc
ol Artemia, l.c. flattencd,
lobed and I[ringed with
intersecting bristles, thus
adapted for filter-fecding
beside respiration.

—The internal organs
can be seen through the
transparency of  the
carapace, such as the
alimentary canal with
forwardly directed divert-
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icula arising at the
beginning of the midgut
and a terminal amus on
the telson, the globular
heart with onc pair of
ostia; a conspicuous sac —
the brood pouch-- found
between the dorsal body
wall and the carapace which
usually contains cggs or
devcloping embryos and
appears closed by two
spines controlling the
liberation of its contents;
the two elongated ovaries
in the female opening by
oviducts into the brood
pouch, or thetwo testes
in the male opening by two
vasa deferentia ventrally on
the telson.

— Make a labelled drawing.

b) Mechanism of
Feeding.

Put some living Daphnia
in a watch glass in some
drops of water to which 2
drops of China ink are add-
ed and obscrve the feeding
mechanism under a bi-
nocular microscope. Notc
through the transparency
of the carapace that the
trunk appendages beat
constantly at a rapid rate
drawing water and ink
droplets in between them;
the ink is filtcred ofl on
their bristles, then passed
forwards to the mouth and
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along the alimentary canal.
This illustrates how the
animal feeds by sicving off
suspended organic matter
and micro-organisms from
surrounding water. Note
also that the median eye
is constantly vibrating and
the heart regularly beating.

c¢) Reproduction.

Reproduction in Daphnia
1s very peculiar. Two kinds
of eggs are formed

(i) “parthenogenetic or
unfertilized eggs”, pro-
duced during the favourable
seasons, with little volk.
They develop rapidly by
parthenogenesis into females,
hatch out into the brood
pouch and the young escape
after some time to begin a
free life. Yet, with the
approach of the unfavour-
able season, some partheno-
genetic eggs appear which
hatch out into males.

(11} “resting or fertilized
eggs’’, their production is
induced by the unfavourable
conditions and have plenty
of volk. They are laid one
or wwo ata time in the brood
pouch and after fertilization
develop slowly within the
egg membranc. Each one
or pair of eggs become
surrounded by a protective
cover formed by the cuticle
of the carapace — the
ephippium — and contains
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plentiful air spaces. They
remain dormant for some
time during which they
can withstand very severe
conditions of desiccation or
cven freezing.

— Make a drawing of an

cphippiam.

B. Subclass OSTRACODA

Small marine and fresh-
water free-living crustaceans
with a bilaterally compress-
ed body formed of few
segnmwents: a bivalved cara-
pace which encloses the
whole body; large anten-
nules and antennae used for
locomotion: indistinctly
segmented trunk carrving
no more than 2 pairs of
limbs ‘not phyllopodia} and
ends in 2 caudal rami:
development is  sometimes
with metamorphosis
through a modified nauplius,
and parthenogenesis  is
common.

Cypris
This is a wvery small
crustaccan which lives to--
wards the bottom of ponds
and pools.

Examine the provided
specimien and note :

— The body 18
remarkably short and resy
indistincily segmented.
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— The ecarapace Is
formed of two valves con-
nccted by a dorsal hinge
and an adductor muscle,
and encloses the whole body
and appendages.

— The appendages are
very few, only 7 pairs are
recogmzablc the antennu-
les and antennae arc large,
uniramous and protrude out
of the carapace and make
vigorous strokes in the water
by which the animal swims
and food particles are car-
ried towards the mouth;
the mandibles with large
palps; the maxillules and
maxillae; and only 2 pairs
of trunk limbs, the [irst
used for crawling on the
bottom and the 2nd for
cleaning.  The posterior
region of the trunk is
limbless and ends with 2
caudal rami.

—A median eye
is located near the bases
of the antennae.

— Make a drawing.

C. Subclass COPEPODA

Elongated marine and
freshwater crustaceans,
either free-living or parasitic
(exhibiting a great variety
of modifications); without
a carapace; without paired
eyes but a simple median
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one; with 5-7 thoracic seg-
ments bearing 6 pairs of
stenopodia and g-segmented
limbless abdomen ending in
a telson with 2 caudal rami;
development is with meta-
morphosis through a typical
nauplius.

1. Cyclops

This is a common fresh-
watcr crustacean usually
secured with Daphnia from
freshwater sheets.

Examinc both hving and
preserved  specimens  of
Cyclops and note :

— The body is elongat-
ed, more or less pear-shaped
and divided into an anterior
unsegmented cephalothorax,
including the head coalesced
with the fist 2 thoracic
segments, followed by 5 free
thoracic segments, then a
narrow g-segmented ab-
domen.

— The cephalothorax
carrics a single median
eye; very long uniramous
antennules by which the
animal propels slowly in
water (and arc geniculate
in the male acting as
prehensile organs); smaller
uniramous antennae;
mandibles with palps;
magxillules and maxillae.
~—The thoracic append-
ages, are 6 pairs (two
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carried on the cephalo-
thorax and 4 on four free
thoracic segments), the first
pair are uniramous maxil-
lipeds, the 2nd-gfth are all
biramous swimmipg
limbs by which the animal
progresses quickly in water,
and the 6th is uniramous
and reduced. Each swim-

ming limb consists of a
2-segmented  protopodite
carrying 3-segmented exo-
podite and endopodite both
fringed with bnstles. The
coxopodites of each pair are
connected to each other by
a transverse plate, the
copula, which makes the
two appendages move for-
wards and backwards to-
gether.

The 7th thoracic segment
rescmbles the abdominal
segments 1n size and form,
and on it the genital system
opens in both sexes, It
coalesces with the first
abdominal segment in the
female. A pair of large
egg-sacs (external ovisacs)
hang down one on either
side of the female opening.

— The abdomen is
formed of 3 narrow limbless
segments and ends with a
telson carrying 2 camndal
rami.

— Make a drawing.

<— 109

G Olea L Oy bl 1
¢ & A ¢ Al LSJ-L‘*“ p
4de OMie J" Jde e
o~ obe u\’,ﬁl dbfu_’ (e
30,1Vl La iy 5 S oy
dol s - L
Olyd f‘“" ¢ Al 3515 pse
CJJ]’I Ll ¢ 46 oy U 3 klay
ey Gk oo e el
Jo IS 9SS by dnth

u*-'-lﬂd- GSaidyl B e 05
‘r Ll:;a YAS Llomy D Loy

. uﬁh\.}'l.u JLMPLlfq._aluJ..-

ot T3 JS ol A okl
‘_qj-\’l.- Jf Ollate ;’IJI:\”
¢ okl P AP Al doiay
Gl O il e sl
sl 3l ruiﬂ

il &l dadl 4t
‘..-g.:L'- G o ol M
el Sl Lo ez IS
ol padily ¢ el WS
bl A3 & S 4 A
L) oo S sy ¢ Y
S5 de el (Ol jau LS
At oW o ool

L.J)Lﬂ.ﬁ T'ua d_,g.:Jauh-M—-—

t..awut.a}ujl:\’\u.u-w

.‘m‘w*....
V.4



a. Chondracanthus

This 1s a degenerate
copeped parasitic on the
gills of various marine [ishes.
It displays marked sexual
dimorphism. Note that :

-- The female, has a
depressed indistinctly seg-
mentcd  body, produced
laterally into  irregular
paired lobes with degenerate
appendages. It has hooked
antennae, § minute jaws
around the mouth and car-
rics a pair of long coiled
€gg-Sacs,

—- The male, is less
degenerate but much small-
er in size and clings
permancntly by its hooked
antennac to the body of the
female, close to the female
opening.

Chondracanthus  has a
complicated life-history and
passes through a cyclops
stage before it begins to
degencrate.

— Make drawings.

D. Subclass BRANCHIURA

Semiparasitic crustaccans
which attack fishes tempor-
arily; with a dorsoventrally
flattened body; an unseg-
mented cephalothorax cover-
ed with a disc-like carapace,
followed by 3 free thoracic
scgments and a limbless
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unsegmented abdomen with
2 caudal rami; with com-
pound eyes; suctorial
proboscis  enclosing the
mandibles and maxillae;
one pair of maxillipeds and
4 pairs of swimming bi-
ramous thoracic append-
ages; development is direct.

The Carp-Louse
Argulus

Examine the provided
preparation and note the
features diagnostic of the
subclass.

— Draw,

E. Suhclass CIRRIPEDIA

Exclusively marine crust-
aceans which are fixed in
the adult condition and live
attached to rocks, ships and
other animals; with indis-
finctly segmented body
enclosed in a fold of the
skin or mantle strengthened

with calcarecous plates;
without paired eyes or
antennae but  vestigial

antennules; with 6 pairs of
biramous cirriform thoracic
appendages; a greatly
reduced abdomen ending
with 2 caudal rami;
usually hermaphredite and
development is with meta-
morphosis  through a
nauplius followed by a
cypris larva.
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Some cirripedes are
parasitic and lose many of
these features in the adult
form.

— Draw.

1. The Goose Barnacle
Lepas

This is the barnacle which
lives attached to the bottom
of ships or undersurfaces
of floating objects in the
sca. [t hangs by a long
stalk or pcduncle which in
point of fact represents the
anterior end of the animal.
It is a hermaphrodite.

a; External Features.

Examine the provided
specimcn and note :

— The peduncle repre-
sents the anterior (preoral)
region of the body, greatly
drawn out into a long
flexible extension. It
contains two cement
glands which open on
vestigial antennules
found at the free end dnd
embedded in the cement
by which the peduncle is
fastened to the substratum.

— The capitulum is
the body proper, consisting

of the rest of the head,

the thorax and the greatly
reduced abdomen. It is

bilaterally compressed and
" completely enclosed within
a fold of the skin, the
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mantle or carapace,
except along a ventral slit-
like opening, The mantle
is strengthened externally
by 5 scparate calcarcous
plates, a median dorsal
carina, and a large anterior
scutum and a posterior
tergum on each side.

* Remove the mantle plates
with a razor, open thc mantle
cavity and nate :

- The head carries no
antennae or cyes. Its oral
region in the capitulum
carrics a thick labrum,
2 small mandibles, =2
maxillules and 2 maxillae
united in a lower lip.

-— The thorax consists
of 6 indistinct segments
which carry 6 pairs of bir-
amous cirriform append-
ages. Lachappendage has
a 2-segmentcd protopodite
and 2 long many-segmented
cirri  fringed with long
bristles, These limbs sweep
rhythmically like a casting
net through the water
straining  off  suspended
nutricnls or trapping minute
animals and driving them
towards the mouth.

~ The abdomen is
indistinct and limbless. Two
caudal rami and a long
penis project at its end.

— Make drawings.
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b} Larval Stages.

Examine the larval
stages in the development
ol Lepas -

— The nauplius larva
which diflers from other
nauplii in having the
carapace produced ante-
riorly into 2 frontal horns.

~—- The cypris larva is
a later larval stage which
superficially resembles the
ostracod Cypris. Note its

large bivalve carapace and

the antennules protruding
out of it, the paired eyes
and all thoracic appendages
of the adult are represented.
It becomes permanently
attached by the antennules
and undergoes considerable
changes during several
moults attaining the adult
form.

— Make drawings.

2, The Rock Barnacle
Balanus

A sessile  crustacean
commonly found in great
numbers encrusting rocks
on the shore between tide-
marks, ships, bodies of other
animals... etc. It is common
in both the Red Sea and
the Mediterranean

Examine the provided
specimens, compare them
with Lepas and note :
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— dbsence of peduncle, the
body is fixed to the surface
of attachment by a basal
disc in which the vestigial
antennulcs are embedded.

— The body isinternal-
ly constructed as Lepas, but
encircled completely by the
mantle which is strength-
ened by 6 calcareous
plates(a carina, a rostrum
and 4 lateral plates)
united into a conical ring.
This is roofed over by a
par of scuta (on the
carinal side) and a pair of
terga (on the rostral side}.

— - Draw,

3. Sacculina

This is a parasitic eirri-
pede which infests crabs.

The adult stage has the
form of a simple flattened
sac attached by a short
peduncie to  the wunder-
surface of the crab’s abdo-
men. It shows no traces
of segmentation or append-
ages, but sends numecrous
absorptive root-like process-
es which ramify throughout
the body of the host.

Sacculina is one of the
most degenecrate parasites.
The adult stage has nothing
to suggest that it is a
cirripede or even a crust-
acean. It wasonly through
the larval stages, its nauplius
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and cyprls larvae which
agree in all essentials with
those of normal cirripedes,
that the systematic position
of this parasite could be
defined.

— Compare and contrast
between the following sub-
classes Branchiopoda,
Ostracoda, Copepoda and
Cirripedia.

F.Subclass MALACOSTRACA

The largest and most
successful crustaceans; the
majority are [ree living and
marine;with a fixed number
of segments (the head G,
thorax 8 and abdomen
6); a carapace which
typically covers the whole
thorax; compound, usually
stalked, cycs; biramous
antcnnules (uniramous in
all other subclasses) ; excret-
ory organs associated with
antennae (but with maxillae
in other subclasses}; the
female opening always on
the 6th and the male on
the 8th thoracic segments;
appendages exhibit marked
division of labour; all
abdominal segments carry
paired biramous append-
ages, the last pair is broad
and forms with the telson
a tail-fan; development is
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usually direct and larval
stages, when present, are
higher than a nauplius.
The Malacostraca com-
prise a large variety of
crustaceans which exhibit

a great diversity, some
being more primitive,
retaining some ancestral

characters, while others are
more advanced. However,
they all agree in having the
above mentioned fixed
number of segments in the
body. The Malacostraca
fall into 5 orders :

1. Order Leptostraca:
Primitive marine forms ;
with a bivalve carapace
not fused with any thoracic
segment; all thoracic ap-
pendages are alike and
foliaceous; the abdomen has
7 segments and a telson
with caudal rami.

E.g. Nebalia.
2. Order Hoplocarida :

Primitive marine forms;
with 2 distinct segments in
the anterior region of the
head; a flat carapace fused
with g anterior thoracic
segments; gills carried on
abdominal appendages.

E.g. Squilla.

3. Order Syncarida :
Primitive freshwater group;
without a carapace; with
little differentiation between
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thorax and abdomen.
E.g. Anaspides.
4. Order Peracarida :
A large group;the carapace,
if present, does not fuse with
more than 4 thoracic seg-
ments; with brood-plates or
oostegites arising on the
inner sides of the coxo-
podites of some thoracic
appendages in the female
and forming a brood pouch
in which the young devclop
directly. It includes several
suborders, the most import-
ant of which are :

a) Mysidacea : Pelagic
forms; with a carapace that
covers most thoracic seg-
ments; stalked eyes; a tail-
fan. E.g. Mysis.

.b) Isopoda : Marine,
freshwater and terrestrial
as well as parasitic forms;
with a dorsoventrally flat-
tened body; no carapace;
sessile eyes; no tail-fan.
E.g. Ligia, Oniscus & Bopyrus.

c) Amphipoda: Same as
Isopoda but with a laterally
compressed body.

E.g. Gammarus.

5. Order Eucarida : A
large group; with a cara-
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pace fused with all thoracic
segments; stalked eyes; no
oostegites and with usually
free larval stages. Its most
important suborder is :

The Decapoda, with a
large scaphognathite ; g
pairs of thoracic limbs
modified as maxillipeds,and
5 pairs as walking legs {hence
the name Decapoda}; with
statocysts on the antennules.

The Decapoda include
the most highly specialized
and well known crustaceans,
among which three prin-
cipal tribes are recognized :

The Macrura are for
the most part swimmers,
with a2 well developed
elongated abdomen ending
in a tail-fan ... E.g. prawns
Penaens), cr'wﬁ<hes {Astacus),

shrimps Cmnaon\ . and’
lobsters {Hammm and
Panulivus®.

The Anomura are
mostly  walkers, with a
somewhat  reduced and

variously twisted abdomen
and reduced uropods
E.g. Gualethie and hermit
crabs  Pagurus).

The Brachyura include
the true crabs, which are
walkers and characterized
by a greatly reduced abdo-
men, carried permanently
flexed beneath the thorax,
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and bave no uropods ...
E.g. Neptunus

Examine the following
sclected  genera  of  the
Malacostraca and tryv to
distinguish the character-
istics of the subclass, order
and suborder to which each
belongs :

Nebalia

Nebhalia  (order Lepto-
straca' is a commnmon marine
genus living between tide-
marks under stones or
burrowing in the supcrficial
layes of sand near the
shore. Note :

— The body is small,
bilaterally compressed and
consists of the head, short
8-segmented thorax and a
long y-segmented abdomen
ending in- a telsom with
2 caudal rami. The

carapace is large, bivalved,

with an adductor muscle,
and not fused with any
thoracic segments although
it covers all the thoracic
and the first 4 abdominal
segments.

— On the head, note
the movable rostrum,
stalked eyes, long biramous
antennules,and uniramous
antennae,

— All thoracic append-
ages are alike and
folinceous, each with a
broad protopodite carrying
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a flat bilobed epipodite
acting as a gill, a flat oval
exopodite and a long nar-
row endopodite. Their
inner cdges are fringed
with bristles thus adapted
for straining food particles
from surrounding water as
well as holding the develop-
ing embryos.

— The first 4 abdominal
appendages are biramous
swimmerets, the following
two pairs are small and
uniramous, and the #7th
segment has no appendages.

—  Make drawings of
Nebalia and one of its thoracic
appendages.

Squilla

The genus Squilla (order
Hoplocarida) is commonly
found in the Mediterrancan
and Red Seas inhabiting
burrows in the sand in
shallow water. Note :

— The body is large
and dorsoventrally com-
pressed. The earapace is
shallow and fused with only
the first 3 segments of the
thorax, leaving the posterior
4 segments uncovered. The
abdominal segments are
very broad and end in a
widely expanded telson.

— On the head, note
the presence of 2 anterior
distinct segments,the stalked
eyes, the antennules with
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q flagella on each and the
biramous antennae,

— The first 5 pairs of
thoracic appendages are
uniramous subchelate
maxillipeds, cach with a
long jointed endopodite
and carrics a small discoid
epipodite, The 2nd pair,
in particular, is modified
into a large raptorial sub-
chela. The Gth to 8th
thoracic appendages are
slender, biramous, without
epipodites.

— The first 5 pairs of
abdominal appendages
ar¢ biramous swimmerets
with flattened protopodites,
2 lamellar rami,and each
carries a slender gill. The
uropods form with the
telson a broad tail-fam.

- Make a drawing.

Anaspides

Anaspides  {order Syn-
carida) is a small freshwater
crustacean known only from
pools running on high
mountains in Tasmania.
Note ":

The body is elongated
and uniformly segmented
with slight differentiation
bétween thorax and abdo-
men,  The first thoracic
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segment is fused with the
head, and there is no cara-
pace.

— On the head, note
the short rostrum, stalked
eyes and the biramous
antennules and antennae.

—. The thoracic ap-
pendages arc all alike
except the first pair which
arc modified as maxillipeds.
A mnormal thoracic ap-
pendage has a 2-segmented
protopodite, a cylindrical
endopodite, a  slender
exopodite and ¢ oval
epipodites.

— Thc abdominal ap-
pendages arc biramous
swimmerets with long many-
jointed exopodites [ringed
with bristles and small 2-
segmented endopodites. The
uropods arc¢ broad and
form with the telsom a
tail-fan.

— Make a drawing.

Mysis

Members of the genus
Mysis (order Peracarida,
Mysidacea) inhabit the sea
and [resh water. Note :

—- The body is small,
transparent and bilatcrally
compressed. The carapace
fuses with 1-g thoracic seg-
ments and simply covers
the rest.

— On the head, note
the stalked eyes and the
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biramous antennules and
antennae.

—All  thoracic ap-
pendages arc biramous,
the [irst 2 pairs arc maxilli-
peds, each of the rest has
two long jointed rami
fringed with bristles and
adapted for swimming and
food capture. In the female,
the coxopodites of the
posterior  thoracic  ap-
pendages bear  flattened
oostcgites which form a
braod pouch.

— The abdominal
appendages are biramous
swimmerets (vestigial in the
femalc). The uropods are
flattened, carry statocysts
on their endopodites, and
form with the telson a
tail-fan.

~— Make drawings of Mysis
and iis uropods.

Ligia and Oniscus

(Order Peracarida,
Suborder Isopoda)

Ligia (the shore slater) is
a terrestrial isopod which
in spite of being an air-
breather, requires a certain
amount of moisture, thus
lives in damp places and
rock crevices on thc sea
shore just above the high
tidemark. Oniscus (the wood
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louse) is more completely
adapted to terrestrial life
and lives bencath stones,
bark and trees. Note :

-~ The beody, in both
genera, is small, oval,
dorsoventrally compressed
and has no carapace. Itg
segments  are  expanded
laterally into pleural folds,
the head is fused with the
first thoracic segment, and
the last abdominal segment
is fused with the telson.

-— On the head, note
the sessilc eyes, minute
uniramous antennules and
longeruniramousantennae.

— There is one pair of
maxillipeds which cover
the mouth-parts in front,

the remaining thoracic ap-

pendages are uniramous
walking legs of uniform size
and shape (hence the name
Isopoda). They have large
foliaccous epipodites fixed

to the ventral surface of the -

body and act in mature
females as oostegites.

— The first 5 pairs of
abdominal appendages
arc flattened and over-
lapping, with dclicate
cndopodites  acting  as
branchiae,and stout plate-

like exopodites covering
these gills. The 6th pair
has slender rami. In

Oniscus, the exopodites of
the abdominal appendages
are more especially adapted

“«— 128

do i Tss 5T (ad
caldly Sl s iyl
T )"-?u"ﬁb

¢ el USTS ol —
Job e Ban au sk sy
Jddy. B 4 ey Jad gy
cd b Ol U] Gl e die
eVl 8l G N
ool Ja eV ol alie £l

N A N
il Gy ¢ G
Crle sl Oy ¢ Lnlll oy
ol S

Ol OkSd oMy icy —
by ¢ Logobl Zaitl 4l ol
s cdasdlidloy ASU judl
> S5 oby gt e
denndll el LA g ) Crdlonza
OB (Y el
G Sl A3y, Gle Ooas
3 Jasis el (ghadl b e
o ol AkelT U G

ot I Akl 215V
CS Ty ¢ dedalis ladt BB
Gk Wy . e g Leas
DU BE Juos 1, A
O i I
o o s Ul il
CALE LAl di OLLYY ol
d ol DBY aded Coaslly
Bl il 48U SV

Y YA



for aerial respiration, having
a system of air-filled spaces
within them, just below
their cuticle.

— Make drawings.

Bopyrus

This is a parasitic isopod
which lives in the gill
hambers of prawns. Note:

— The adult female is
greatly deformed, with an
as» mmetric bedy and no
o~ ious segmentation. It
has suctorial mouth-parts
witl: simple piercing mandi-
bles  The maxillipeds are
largely expanded and cover
the nhead appendages in
fromm  Large lameliae or
oosteg:tes develop from the
bascs f the thoracic limbs
and form a brood pouch.
The abdominal appendages
ar« plate-like and function
as gills

— The dwarf male is
usually found attached to
the female beneath the last
pair of postegites. It is more
recognizable as an isopod
sincc it  has normally
developed thoracic and
abdominal appendages.

Bopyrus is  actually a
protandric hermaphrodite ;
its larval stage (bopyroid
stage) 1s actually a func-

tional male, but when it

assumes the parasitic habit

it loses the male organiza-

tion and becomes a female.
—- Make drawings.
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Gammarus

Gammarus (order Peraca-
rida, Suborder Amphipoda)
is a common scavenger
found in shallow salt, brac-
kish and fresh waters. Note :

—The body is elongat-
ed, bilaterally compressed
and without a carapace.
The first thoracic segment
is fused with the head.

— On the head, note
the sessile eyes, the bi-
ramous antennules and
uniramous antennae.

— There is one pair of
maxillipeds,the remaining
thoracic limbs are uni-
ramous walking legs, the
2nd and grd pairs are subch-
elate and prehensile, the 4th
and 5th pairs are turned
forwards and help in feed-
ing, and the last § pairs
are turned backwards and
used for creeping. Some of
the thoracic appendages
bear coxal plates acting as
gills, and as oostegites in
the female.

— The first g pairs of
abdominal appendages
are typical swimmerets,
turned forwards and each
has 2 jointed bristle-fringed
rami. The last g pairs are
turned backwards, used for
jumping and each has 2
unjointed stout rami. The
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telson is small and bilobed
and there is no tail-fan.

— Make o drawing.

The prawn (Penaceus), you
have alrcady studied in
detail, is a good example of
the macrurous Decapoda
(order Eucarida).

Panulirus

Another macrurous deca-
pod is Panulirus penicillatus,
a large lobster of a greenish-
brown colour, common in
the Red Sea. This is an
omnivorous animal feeding
on corals, worms, molluscs,
algae... ctc.

Examine the spccimen
provided, compare it with
Penageus and note :

-— The cephalothorax
is subcylindrical, and the
carapace is hard and armed
with numerous projecting
spines. There is no rostrum,
the stalked eyes do not lie
in sockets, the antennule
has a long 3-segmented
protopodite and 2 stout
rami, the antenna is uni-
ramous with a long tapering
spiny flagellum but no
squame, and all the last
5 pairs of thoracic append-
ages are uniramous (lack
the cxopodites) and non-
chelate,
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The abdomen is
dorsoventrally compressed,
armed with stout terga and
strong pointed pleura. The
eggs are cemented to the
endopodites of the pleopods
and hatch out into a
peculiar and characteristic
larva known as phyllosoma
(a modified mysis larva).

-- The phyllosoma
larva has a flattened, glass
transparent body of g dis-
tinet regions the first
region is formed of the head
and the 1st two thoracic
scgments,and is covered by
an oval carapace;the sccond
region is large, discoidal
and comprises the rest of
the thoracic segments; while
the third region represents
a small, narrow, indistinct-
ly segmented abdomen (sce
P-95) -

Note the stalked eyes,
antcnnules and antcnnac.
The 1st and 2nd maxillipeds
are reduced but the grd
maxillipeds are large and
biramous, and the first 3
pairs of walking legs are
well developed and bi-
ramous.

~ Make drawings of
Panulirus and ifs phyllosoma
larva.

Examine the following
brachyurous and anomurous
decapods and compare
them with the prawn :
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The Crab

Neptunus

Neptunus ( =Lupa) pelagicus
(a brachyurous decapod) is
the common and well
known edible ‘‘blue swimm-
ing crab” living in the
Mediterranean andRed Seas.
Note:

— The cephalothorax
is compressed and covered
by a large horizontal
carapace produced lateral-
ly into hollow expansions
{(branchiostegites)  cover-
ing the gills. Note the
stalked eyes and the small
uniramous antennules, all
fitting in sockets in the
carapace. The antemmae
are uniramous, and the
mandibles, maxillules,
maxillae as well as the
3 pairs of maxillipeds are
all essentiallysimilar tothose
of Penaeus. The 3rd maxilli-
peds are greatly flattened
and cover all the append-
ages in {front. The remain-
ing 5 pairs ofthoracic app-
endages are uniramous with
stout jointed endopodites
(their ischiopodites are
fused with the basipodites).
The first pair of these is the
only cheliped, with large
powerful chelae, The follow-
ing 3 pairs are walking
legs and the last pair has
flattencd podomeres and
act as swimming paddles.

“— 134

Ol !
g

¢ oSN (lsd=) by

P (i T, 20 0 )
£ 55U ol i sloth
St s ¢ Als el I a0
:Cm‘w?bbvi‘u@fﬂ‘o: ol
.b_,i.-.&.l_,h} ‘ GJ-LA‘UJUI_

Jns 5. a8 By
o g ol By Sa Ut e
Ol ol (L solad)
N e
™ ¢ Cisreadl LA daony
ol ¢ Bl 3 2l 3 s
OS5l oy ciatll Gy
o e gl T v elis; xSl
a5 Ll ity odn J57 SN
OVl <t upedl 103 Eapmld
Todalis Olembalas O oSSR
OLEI e LRy Like
gl il |:+.L.T Anit gl
WSS saall Dbl e B
L] LS DY cdalll By
SN PAy)  dai G
g - (el g2 § s
3 Tmadt 2530l e Y
JSJ5 ¢ Obutomyll Sy S I
VLT L gh NS
Job b oo s U e
S GU Wyl ¢ gt
ffﬂ’h;w)mw)

Ve



ot anzennul
b we

antenna

{Doral view S4B Bu)

A i ol

NEPTUNUS PELAGICUS

Ll 188 g
3rd maxilliped

Tt )
shdominal
appendages

(Yentral view ;R ko) DT Y. *
=l o

U'JC,'J antennule

antenna
L8N g )
chefiped "

ylaall JU'
cephalothorax

sl
ke iy
abdominal appendages

abdomen

> _
cJ,ZQ::T uﬂ)}::_-l-_vn G-SL-U\UU:)._“
PAGURUS TINCTOR

LN i FRARE - R

5th thoracic appendage

B a3, s
Y - .. 8th thoracic
ihed/  appendage

sl skl
reflected
. abdomen

FRIAE - ]
5th thoracic appendage

Galll & gl s
Bth theracic appendage

bl il

éth zbdominal appendage

(Dorsal .view b ey



— The abdomen is
reduced to a thin triangular
flap and turned permanent-
ly forwards below the
cephalothorax, It is broader
in the female than in the male,
being composed of 6 seg-
ments and carries 4 pairs
of abdominal appendages
(on segments 2-5) each with
two long rami fringed with
bristles. In the male, the
abdomen is much narrower
and has only 4 apparent
segments (3rd to 5th fused),
the first two of which carry
long slender wuniramous
appendages adapted for a
reproductive function.

— The larva hatches as
a zoaea similar to that of
Penceus but with a median
dorsal spine. This passes
into a megalopa larva
with a crab-like cephalo-

thorax carrying similar
appendages as the adult,
but a macrurous long

unflexed abdomen bearing
normal swimmerets(see p.95).

— Make drawings of the
crab and its zoaeaand megalopa
larvae.

Ocypoda  aegyptiaca is a
smaller crab which lives in
holes along the Red Sea shore

and goes into the water to
search for food at low tide,
or when disturbed. This is
a true walking crab. It
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does not swim as Nepiunus,
and its walking legs are all
slender. It uses these legs
also to dig holes in the sand.
The dug out sand is usually
piled into a cone near the
hole. The holes of O¢ypoda
are commonly seen in great
numbers on the sea shore.

— Having studied MNep-
tunus and Oc¢ypoda, point out
the main points of difference
between the two forms.

The Hermit Crab
Pagurus

Pagurus tinctor is a hermit
crab (an  anomurous
decapod) that lives on the
Red Sea shore inhabiting
empty gastropod shells. Its
organization is intermediate
between that of Penaeus and
Nepiunus. Note :

— The appendages on
the cephalothorax are
similar to those of the crab.
However, the chelipeds
(4th thoracic)are asymmetr-
ical, the left chela 1is
much larger and serves to
close the opening of the
shell, and the last 2 pairs
of thoracic appendages are
small and chelate.

— The abdomen is
large, fleshy and somewhat
twisted so as to fit inside
the shell. The abdominal
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appendages are reduced,
and absent altogether on
the right side. The last
pair is hook-like and serves
to attach firmly to the
columella of the shell.

— Draw.

— Characterize the
Malacostraca. Classify
them, giving examples.

— What is meant by a
decapod ? Mention the
main divisions of the crust-
acean Decapoda,character-
ize them, giving examples.
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IV. Class MYRIAPODA

All myriapods are ter-
restrial, with a tracheal
system and with segmentally
arranged paired stigmata.
The body is elongated,
with a distinct head, foll-
owed by numerous append-
age-bearing segments. The
head bears one pair of
antennae, a pair of palpless
mandibles and at least one
pair of maxillac; the eyes if
present in the form of
clumps of ocelli; excretion
by Malpighian tubules
which open into the hind-
gut; and sexes are separate.

The class is subdivided
into two sublcasses : the
Chilopoda and Diplopoda
but both resemble each
other only superficially.

A. Subelass CHILOPODA

This division comprises
the centipedes which arc
all carnivorous andopistho-~
goneate (with the
genital opening situated at
the posterior end of the
body). The bodyis dorso-
ventrally flattened ;head with
ocelli, mandibles and 2
pairs of maxillae; the first
body segment bears a pair
of poison claws, the rest
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bear each a pair of ambulat-
ory appendages.

The Chilopoda show
great similarity to the class
Insecta, that it has Deen
suggested that the two
groups have evolved from
one common stock.

Scolopendra

The centipede Scolopendra
morstlans is common in
Egypt and throughout the
troplcal regions. It is
carnivorous, usually hides
by the day time below
stones, plant leaves and the
like, and runs sw:f’tly by
mght to prey on insects
and earthworms,

a}) Extermal Features.
Examine the specimen
provided and note :

— The body is elongat-
ed, dark grecnish-brown,
dorsoventrally flattened
and divided into a distinct
head and a long segmented
rcgion (called the trunk or
body) carrying 21 pairs of
appendages.

— The head consists of

6 fused scgments. It is
covercd dorsally by a single
cephalic shield, on which
two groups of eyes, each of 4
ocelli, are situated antero-

<« 140

e S e 7 o
e J>-_, Ty 2

e e
O Gyl ol 21 33y Jomy U
o vl Syt {J"l-.: UJ s
ey Hate Lo

P RRY ol
bt gl

(JJ.:- (J';l:..-_,_,»_,.i.;_,l_,f.-n
Ulﬁ) f'r-\’ _,.h) . a)l:u ul:l..l'u
Hlad s L L2 r L
EE Sy 2l Gl
St peiid et 2e
oI Ol
- igJU;‘ wldall — \

D Ony &l Gl Tl !

FSh & ‘,..-.LIH
ch.lmj.b_,.lf‘,.h) cg}..a.ﬁc._.-}....
b Jlf-», Jit Jl&*
L.st\'l
Vo Sas e gl -
Lo O e e %
Wb g el e e
Ot Ok ble i Gusdy
Eor BSe e 5 ¢ Oyl
N Y I Y

Ve



e Slztl Il
e, {‘J"‘ul' ““-1' cercbral ganglia
L,-JL{J pharynx

o, 4/ -
antenm ’,\?9. ) wpls Jo- Ops
o circumpharyngeal commissure
& h
i

nerve ganglia

g !
trunk ﬂ G

A ) i el 9 _ A A Cag it
i‘ I! occlli sl ‘_IJ o N* suboesophageal ganglion
"‘4’ 5 . aesophagus /Ij ; TIL %
e ] 4R
N 8 (1B L&
L i ) N5 Nk .‘ .
. ‘:J‘JI CJJ.“ T B L3 ;Jal':\:rarl‘J ::ds
cephalic shield ' & L1
< A
heart 5 gaxl J
. nerve cord
i Jﬁ ; ".. & e L
stigmata l ERY; . '\-,t—;-:-_:
{ ! ;
A i . I
crop — SR 4 (] €L

e it

AL { gl
gizmard Y TMA 2 1) Malpighian eubule
] 2 " -
LSt b

sl

ovary

=11 L"ll i II ¥
byl — 1 I
mesenteron S ey £y

vas deferens
y v
el et
walking logs
s
e oviduct
claw
Ly Ay
vesicula seminalis
S et
proctodaeum Llal Llls sue LY

accessory genital glands

ol S o
Male reproductive
system

(Dorsal view S )

e

Dissected female

ﬂj:t:-ur "J-"-.‘J]JC' » iir"l
SCOLOPENDRA MORSITANS



laterally close to the bases

of the antennae. The
antennae {on segment 2),
are 2 in number, many-
jointed and are thc main
SENSOTY Organs.

* Lay the animal on its back,
locate the mouth opening and
find out the mouth-parts. Detach
them one by one from behind
forwards, starting with the poison
claws. Put them on a sheet of
paper and take notes on their
general outlines, then boil them
in 4 % solution of caustic potash,
cool and  wash with distilled
water., Arrange them on a slide
as they were in the material,
mount in glycerine, examine
through the microscope,and note:

— The labrum is nar-
row, lies anterior to the
mouth and is composed of
one median and two lateral
pieces,

— The mandibles are
two (belong to segment 4)
which flank the mouth
opening. Eachis angulated,
and bears sharp teeth and
a brush-like fringe of sctac
on its inner edge.

— The 1st maxillae
(belong to segment 5} are
fused together at the base
to form the functional
lower lip. Each has a
small median lobe and a

large outer 2-jointed plate.
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~— The 2nd maxillae
{(belong to segment 6}, are
slender, leg-like, connected
together at the base by a
median bridge and carry
on each side a three-jointed
maxillary palp which
terminates in a samll claw.

— The maxillipeds, or
poison claws, do not belong
fo the head but to the first trunk
segment,  They are fused
together in a common base.
This carrics on either side
a small inner lobe armed
with spines and a larger
outer four-jointed part
cnding in a sharp claw, on
the tip of which opens the
duct of a poison gland.

— Make a drawing of the
mouth-paris.

—The trank segments
are 22 in number and
nearly all alike; each is
covered by a dorsal
tergum,a ventral sternam
and 2 lateral membranous
pleura. The last segment
has no separate tergum
(probably fused with the
cephalic shield) and carries
the maxillipeds. Each

segment from 2-22 carries-

one pair of walking legs
(which together with the 2
antennae make the 44
obvious long appendages
by which the animal gained
its common local name).
All the walking legs are
similar except the last pair
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which is remarkably longer
and directed backwards.
Each leg is built up of 7
joints termed from the base
distally : coxa, trochanter
femur, tibia and g tarsi,
ending in a single claw.

Paired oval respiratory
openings or stigmata lie on
the pleural areas above the
leg bases on segments 4,
6,9, 11, 13, 15, 17, 19 and
21. Note that the terga of
these stigmata-bearing seg-
ments arc longer than the
terga of other segments. The
last segment bears the anus
andbelow it lies the genital
aperture.

—- Make drawings of the
whole animal and of one of its
trunk appendages.

b) Dissection.

* Makea longitudinal cut, a
little lateral to the mid-dorsal
line, along the whole length of
the body,starting at the posterior
end, and taking care not to go
deep with thescissors. Turn the
cut flaps aside and pin themdown
to the dissecting dish.

(1) The Heart.

Note that the heart is a
long tube extending in the
mid-dorsal line along nearly
the ecntire length of the
body (as in insects). It lies
within the pericardial
sinus,attached to the dorsal
hody wall by wing-like
alary muscles on cither
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side. Note also that it
comnsists of a segmental series
of chambers, each with a
pair of ostia and a pair
of arteries, and leads
anteriorly in an anterior
aorta. The arteries branch
and open in the haemo-
coelic body cavity.
ii) The Reproductive
System.
The sexes are separate.
— In the male, note the
single testis which lies
dorsal to the gut. It is
formed of 8 - 10 paired,
spindle-shaped, straight
tubules which are connected
together by fine connec-
tions. Note that these col-
lectively lead posteriorly
into a wide and highly
convoluted median wvas
deferems. This tapers
posteriorly and bifurcates
into 2 ducts which pass
downwards around the
proctodaeum and receive on
each side a long U-shaped
vesicula seminalis and
an accessory genital
gland. The two ducts open
on the last segment by a
median genital opening.
— In the female, note
that the ovary is also single
and extends on the dorsal
side of the gut, Itisin the
form of a long slender tube
enclosing eggs at various
stages. It tapers posteriorly
into a straight oviduct
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which bifurcates to pass
around the proctodaeum,.
Note that it receives some
accessory genital glands
and then opens vent-
rally by a single median
genital opening on the
last segment.-

~— Make drawings of the
heart and reproductive system
in the male and female Scolo-
pendra.

*  Qarefully remove the
reproductive organs to expose the
gut below,

iii} The Digestive and
Excretory Systems.

Note that the alimentary
canal is a simple long tube
divided, as in insects, into
a very long stomodaeum,
a short mesenteron and
also a short proctodaeum.

— The stomodaeum
starts with the buccal
cavity,followed by a short
muscular pharynx, a short
oesophagus, a long thin-
walled dilated crop, then
the gizzard. The gizzard is
tubular, muscular, some-
what constricted in the
middle and usually twisted
like an S, Note the presence
of 2 pairs
shaped salivary glands on
both sides of the ocsophagus.
They open  anteriorly
through 2 pairs of ducts
into the buccal cavity.
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— The mesenterom is
a simple, dilated straight
tube.

+— The proctodacum
is still shorter, tapers
posteriorly and opens by
the anus on the last seg-
ment.

— The Malpighian
tubules are a pair of long
delicate tubules which open
at the junction between the
mesenteron  and  procto-
dacum on both sides. Note
that they extend posteriorly
from there for a short
distance, then turn for-
wards and proceed in a
zigzag fashion on both sides
of the whole length of the
alimentary canal.

— Make a drawing.

iv) The Respiratory
System.

Note on each side of the
body the presence of nume-
rous fine brownish respira«-
tory tracheae, leading
from the stigmata and
branching among the tissues
of the body. Some of these
tracheae are especially
conspicuous near the head
region, where you can easily
recognize them.

* Mount a small piece of any
of these tracheae in glycerine and
examine under the H.P. to see
its spiral chitinous lining which
keeps it open.
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v) The Nervous System.

* With a paint brush, clean
away the fatty glandular tissues
inside the body to expose the
nerve cord, which extends on the
ventral side, and note

— The 2 cerebral
ganglia lie dorsal to the
pharynx and give off nerves
to the eyes and antennae.

— The suboesophageal
ganglion is* large and con-
nected to ' the cerebral
ganglia by a pair of
crcumoesophageal com-
missures. It gives off
nerves to the rest of the
head segments and the first
trunk segment carryiug the

maxillipeds.
— The mnerve cord
extends from the sub-

oesophageal ganglion,along
the mid-ventral line, to the
posterior eud of the
body. Itcarries 21 ganglia
behiud the latter. Note the
double nature of the cord,
being quite obvious for its
two halves are separat-
ed from one another
between the ganglia.

— Make drawings of the
tracheae and nervous system of
Scolopendra.

— Compare between the
circulatory, digestive,
excretory, reproductive and
nervous systems ofScelofiendra
and those of Periplaneta,
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pointing out the main
features of close resemblance
between the Myriapoda and
Insecta.

B. Subclass DIPLOFODA

This subclass comprises
the millipedes which are
usually herbivorous, pro-
goneate animals (having
the genital opening near the
anterior end, on the grd
scgment behind the head).
The body is cylindrical,
worm-like and divided into
head, thorax of 4 single
segments,and abdomen of
an indefinite number of
double segments each carry-
ing 2 pairs of legs. The
head bears clumps of ocelli,
a pair of antennae, a pair of
mandibles and only one pair
of maxillae (the fth head
segment, carrying the 1st
maxillae, appears only in
the embryo).

The Wire Worm

Tulus*

This s a very common
millipede which lives in
humid dark places rolld up
under stones or leaves,
feeding on vegetable matter,
and may also burrow into

* Sometimes written Julus,
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the soil to feed on the roots
of living plants to which it
does great damage. It is
thus a herbivorous animal,
but also may feed on animal
matter. It moves very
slowly in spite of its nume-
rous legs.

a) Extermal Features.

Examine the specimen
provided and note :

— The general form
of the body, cylindrical,
blackish-brown in colour.

— The head is small
and covered dorsally by a
cephalic shield. It carries
a pair of short antennae,
two clumps of ocelli
near the bases of the
antennae, and a pair of
mandibles and onc pair
of maxillae on the ventral
side.

— The thorax is com-
posed of 4 cylindrical single
segments, each carrying one
pair of appendages and a
pair of stigmata. The 1st
segment, however, has an
exceptionally large tergum
and its pair of appendages
are incorporated with the
maxillae in front.

— The abdomen is
formed of an indefinite
number of double segments,
each of which is considered
to represent 2 fused true
segments as It carries 2
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pairs of legs and 2 pairs of
stigmata on the sterna (and
internally has 2 pairs of ostia
in the heart and 2 pairs of
nerve ganglia). The exo-
skeleton of each visible seg-
ment consists of a complete
ring formed by the fusion of
a large tergum, extending on
the dorsal and lateral sides,
and 2 small ventral sterna,
lying one in front of the
other, Each segment carries
2 pairs of walking legs
with the exception of the
ard segment of the male
which lacks walking legs
and carries two copulatory
processes instead. The
last abdominal segment ends
with the anus,flanked with
two large anal valves,and
its tergum is produced intoa
terminal spine. On the
sides of most terga there
arc dark openings of
the odoriferous or stink
glands which sccrete an
objectionable  fluid to
protect the animal from
enemies.

— Make a drawing.

b) Isolated Abdominal
Segment.

Examine a preparation of
an isolated abdominal seg-
ment of Julus and note : its
almost perfectly circular
outline, the large dorso-
lateral tergum comprising
most of the circumference
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of the segment, a ventral
sternum,and the 2 pairs
of appendages whose bases
are very approximated to
each other. FEach leg
consists of 7 joints; the
coxa, trochanter, femur,
tibia and 4 tarsi, the distal
segment of which carries a
single claw.

— Draiv.

~— QCompare and contrast
between Scolopendra and
Julus. Review the character-
istic features of the class
and subclass to which each
belongs.
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V. Class INSECTA

These are arthropods
with a tracheal system
for respiration; the hody
is divided into head, thorax
and abdomen; the thorax
carries g pairs of walking
legs (hence Hexapoda) one
pair per each of its g seg-
ments, the abdomen {typic-
ally r1-segmented)is usually
without ambulatory append-
ages. The head consists
of 6 fused segments, the
first segment disappears, the
2nd develops a pair of
antennae (thus homologous
with the antennules of
Crustacea), the grd without
appendages, the 4th with
mandibles and the j5th
and 6th with 2 pairs of
maxillae. The cexcretory
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 Hfe-history is usually
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 iudivi-
duals and species. However,
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their  distribution and
activity submitto environ-
mental temperatures. They
are mostly terrestrial, some
are aquatic, living in fresh
water, rarely in the sea,
Some insects are beneficial
but many are harmful pests
for crops or carriers of disea-
se-producing parasites toman,

his domestic animals and plants.

EXTERNAL FEATURES
A. THE HEAD

The head is enclosed in a
compact case or head
capsule, composed of a
number of fused sclerites
marked off with sutures. It
carries, in most insects, a
pair of compound eyes
formed of a large number
of ommatidia and adapted
for mosaic vision. In add-
ition, ocelli may be also
present, Embryonic evidence
reveals the head to be
formed of 6 segments : a
preantennal (embryonic),

antennal, intercalary
(embryonic), mandibular,

maxillary and labial.
The head appendages, other
than the antennae, con-
tribute to form the mouth-
parts.

1. The Antenmnae.

These are two movably
jointed appendages which
articulate with the head
between the eyes. ‘They

“— IR/§

Olndt Lblliy Yusy O e
¢ 5y Lgadinay L Bl Bl By
.lLl du‘“"‘-’ d.-b J:-S"I an o

ol 4 Lot Joodall
s J:-ﬂ‘ S L b
TR PR R WL PR PR S - R R
Al SN Bt LR

by iledt Glpmy DLW

Lot Solagl!
-1

S Esl e 3 Gl 0
L’.;_Lpdd;u C Ulldlﬂ.’.-
4 uﬂ)' St . b it
DS Sr G L2 ans
¢ Ol e 1S 2de
- Glekmdll Slal 0iSh by
aoYL  Lat LN et Gy
Al B o Ol o9
R R P R REU R S
idd BL5 1o v o 05
Aoy ¢ Abjy o (L)
¢ %ﬁ} ¢ 5-._-;3 ‘ (z':‘r."')
3 U"'TJ'“ u\)i-.:T r_ﬁ..a'_, 8 aﬁ}
.(au il
- (Ol ) OG-

Thaie OB o 0L Ol
U"'U"TJJ"C OMeaidediy ¢ OIS puma

Voo




carry sensory hairs which
may serve tactile, olfactory,
gustatory or auditory func-
tions.

The  antennae  var,
greatly in form, especially
among higher insects. Exa-
mine the following insects
and note the different types
of antennae they carry :

— Setaceous, its seg-
ments become gradually
smaller and more slender
towards the distal end, as
in cockroaches.

— Filiform, its segments
are nearly uniform in size
and usually cylindrical, as
in grasshoppers.

— Moniliform, its seg-
ments are similar in size
and more or less spherical,
so the antenna looks like
a string of beads, as in
white ants,

— Serrate, its segments
are more or less triangular
and project like the teeth
of a saw, as in click beetles.

— Clavate, its segments
increase gradually in
diameter towards the distal
end, as in butterflies.

— Capitate, its segments
enlarge suddenly at the
distal end, as In some
beetles like Tribolium casta-
neum.

— Lamellate, its term-
“1inal segments are
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expanded laterally into
flattened, rounded or oval
lobes, as in scarab beetles,

-— Geniculate, its basal
segment is long and the
following segments are small
and going off at an angle
to the first, as in the
honey bee.

— Bipectinate, most of
its segments bear lateral
processes on both sides, as
in the silkworm moth and
many other moths.

~ Plumose, most of its
segments carry whorls of
long hairs, as in male
mosquitoes,

— Pilose, as preceding
but with short hairs, asin
female mosquitoes.

— Aristate, its distal
segment is enlarged and
bears a dorsal bristle known

as the arista, as in the house-
ily.

— Stylate, its distal
segment bears an elongate
terminal process known as
the style, as in tabanids.

— Draw.

2, The Mouth-parts.

Mouth-parts of insects
consist typically of :

— The labrum (or
upper lip) is a simple plate
(not an appendage) hinged
to the exoskeleton of the
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head and overlies the mouth
opening.

— The mandibles (or
true jaws) are two compact,
single-jointed, toothed
appendages which work
together sideways {they
differ from the mandibles
of Crustacea in having mo
palps).

—The maxillae (or
ist maxillae) aretwo-seg-
mented appendages which
lic behind the mandibles
and function as accessory
jaws. Each is 2-jointed and
articulates to the head by
its basal joint, the cardo.
The second joint,the stipes,
carries a segmented sensory
maxillary palp and 2
lobes, an inner blade or
lacinia provided with stiff
hairs and an outer softer
lobe called the galea. The
lacinia aids the mandible
in holding and masticating'
food.

— The labium (or 2nd
maxillae) is formed by
the fusion of a pair of
appendages serially homo-
logous with the maxillae. Its
basal portion is divided into
o primary joints, the post-
mentum  (often further
divided into  proximal
submentum and distal
mentum) and the pre-
mentum. The latter carries
on each side a sensory
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labial palp and 2 lobes, an
inner glossa and an outer
paraglossa.(The two pairs

of maxillac are easily
comparable  with the
biramous crustacean

appendages.)

~— The hypopharynx
is a short, median, tongue-
like  structure  located
immediately in front of or
above the labium, between
the maxillae. The salivary
duct often opens on the
ventral side of its base.

A preoral cavity is usually
formed between the labrum,
mandibles and hypopha-
rynx, which leads backwards
or upwards into the mouth
opening.

— Gompare the general-
ised form of mouth-parts
of insects with those of
Scolopendra, prawn and
scorpion.

Mouth-parts of this
generalized form, with
strong crushing mandibles,
are called mandibulate
and are generally adapted
for biting off or chewing
food. They are character-
istic of the more primitive
orders of insects and the
larval stages of some higher
insects. However, with the
evolution of  different
feeding habits among higher
orders, this primitive set of
mouth-parts has  been
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adaptively modified in a
variety of ways to suit
other sorts of food and
feeding habits. Therefore,
several modifications have
evolved for sucking, lapping
or sponging hquid food, or
for piercing tissues of plants
and animals and sucking
their juices.

Examine preparations of
the following types of
mouth-parts, refer the dif-
ferent components of each
to the above described basic
plan, see how far they are
modified and try to figure
out the aim of this modifi-
cation :

i) Biting or Chewing
Mouth-parts. This is the
above described primitive
type which is well reprcsent-
ed in the cockroach,
Periplancta americana (also see

p-177andVol.II of this book).

ii) Sucking Mouth-parts,
as represented in butterflies
and moths.

Note that these mouth-
parts are suited only for
sucking or siphoning up
liquid food. The insects
having such mouth-parts
feed on nectar from flowers,
so they need nothing except
a long suctorial proboscis
to collect it. Thus, the two
galeae of the maxillae
have been greatly elongated
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and held together by inter-
locking hooks so as to form
the desired proboscis.
Each galea is longitudinally
grooved on its inner surface,
the two grooves form the
food channel through
which nectar is sucked up.
This proboscis is coiled up
under the head when at
rest and becomes uncoiled
by blood pressure when in
use.

Note that the other
components of the mouth-
parts are more or less
reduced :

— The Iabrum is
reduced to a narrow trans-
verse band on the lower
margin of the head.

— The mandibles and
hypopharynx, are totally

absent.
— The maxillae are
highly modified, being

represented by the greatly
elongated galeae which
form the suctorial pro-
bosels, and a pair of
much reduced maxillary
palps.

~- The labimm is
reduced to a small ventral
plate and carries two well
developed 3 - segmented
labial palps.

— Make a drawing.

i) Biting and Lapping
Mouth-parts, as represent-
ed in the honey bee worker.
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This insect has developed
a suctorial proboscis to
feed on nectar of flowers,
but at the same time it has
retained the strong mandi-
bles because it alsouses its
mouth-parts in moulding
the wax to build the
honeycomb. Thus, note :

— The mandibles are
well developed but have
lost almost completely the
teeth.

— The maxillae each is
formed of the cardo and
stipes; the latter carries a
long blade-like galea, a
vestigial lacinia and a
reduced maxillary palp.

— The labiom has 2
basal joints, the mentum
and prementum;,supported
by a transverse plate, the
lorum, which artcu-
lates with the cardos on
either side.  The labial
palps are long and 4-seg-
mented, the paraglossae are
reduced to two small lobes
while the 2 fused glossae
arc so much elongated

forming a long tongue or .

glossa, with a small spoon-
shaped labellum at its end.
The glossa is rolled up
ventrally so as to form a
tube or food channel
through which the nectar 1s
sucked up.

The galeae, the labial
palps and the glossa when
applied all  together
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probably form a stout
tubular structure that can
be inserted dceply into
flowers.

iv) Sponging Mouth -
parts, as represented in
the house-fly.

"This insect laps up liquid
food at a surface, which
cither is already in the
liquid form or can be
liquified by the saliva or
by the regurgitation of fluids
from the gut, Note that its
mouth-parts  form  an
elongated proboscis which
hangs down vertically from
the head and lias terminal
sponge-like labella. Three
regions are distinguished in
this proboscis :

— The rostrum, which
belongs morphologically to
the head, is conical and
covered anteriorly (dorsally)

by 2 sclerites the clypeus and

fulcerum, 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 hauastellam
consists of a large posterior
(ventral) labiwum which
has a deep anterior groove
in which the labrum-
epipharynx and the
hypopharynx, lying be-
hind it, are lodged.
The labrum-epipharynx is
<«— 165
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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 2 labella are
greatly enlarged and
traversed on their inner
and lower surfaces by
numerous channels, the
pseuadotracheae, which
are kept open by a serics
of incomplete chitinous
rings. All these channels
converge towards the oral
opening which is sur-
rounded by a small horse-
shoe-shaped distal sclerite.

v) Piercing and Sucking
Mouth-parts.

Ore of the common types
of mouth-parts, especially
developed in parasitic in-
sects, is that suited for
piercing the tissues of plants
and animals and sucking
up their sap or blood. The
mandibles and maxillae in
this case are modified into
needle-like stylets which
can be thrust into the solt
tissues of the host. Such
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mouth-parts are represented
in several parasitic insects :

a - Examine the mouth-
parts of the bed-bug and
note :

~ The Iabium forms
a long, cylindrical, 3-seg-
mented proboscis with a
deep groove on the dorsal
side which houses 2 pairs of
stylets, the maxillae to the
inside and the mandibles
to the outside.

~— The maxillae, each
has 2 grooves on its inner
surface. ~When they fit
together, two tubes are
formed between them, a
nNarrow
through which the saliva
1s conveyed to the wound,
and a wider food channel
for sucking the blood, aided
by the pumping action of
the pharynx.

~— The labram is small
and situated over the base
of the proboscis.

— Make a drawing.

b - Examine the mouth-
parts of a  female
mosquito {Culex) and note
that most of the mouth-
parts are modified into
needle-like stylets.  The
Iabium forms a sort of
elongated proboscis which
is grooved dorsally and acts
as a sheath for 6 stylets :
the labrum-epipharynk,
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the hypopharynx, the
mandibles and the gal-
eae . The food channel is
madé between the labrum-
epipharynx, which is rolled
downwards, and the under-
lying hypopharynx, while
the salivary channel
extends inside the hypo-
pharynx. The maxillary
palps are well developed
and the labium bears 2
terminal sensory labella.

— Make a drawing.

B. THE THORAX

The thorax consists of g
segmcnts named prothorax,
mesothorax and meta-
thorax. The skeleton of
cach is formed of a dorsal
notum, a ventral sternum
and 2 lateral pleura. The
thorax is connected to the
head by a short flexible
neck covered by one or
more cervical sclerites on
each side. Each thoracic
segment carries a pair of

walking legs and the wings,

when present, are born by
the meso- and metathorax.

1. The Legs.

The insect leg consists
typically of 5 segments :
coxa, trochanter, femur,
tibia and tarsus. The
tarsus is usually subdivided
and ends in a pair of
claws and one or more
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pad-like structures below
them. The legs are primi-
tively for walking and run-
ning, but may be modified
to serve various other func-
tions.

Examine the legs of the
following insects and note
how far they are modified
in adaptation to serve the
following variety of func-
tions :

—Walking or Running,
as in cockroaches; note that
the segments are long and
cylindrical,

— Burrowing, as in the
forelegs of the mole-cricket,
Gryllotalpa; note how the
scgments are strong and
expanded, and the tibia is
broad and armed with
strong teeth.

— Siezing prey, as in
the forelegs of the preying
mantid; note that the femur
has a longitudinal groove
in which it can reccive the
tibia and both are provided
with strong spines, thus fitted
for siezing the prey between
them.

— Leaping, as in thc

hindlegs of the grasshoppers;

notc how the femur is
greatly enlarged so as to
accomodate powerful exten-
sor muscles which cnable
the insect to jump.

" — Swimming, as in the
hindlegs of water beetles;
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note that the segments are
much flattened and densely
fringed with hairs so as to
act as paddles,

— Walking on smooth
and steep surfaces, as in
the house-fly; note the 2
pulvilli carried on the term-
inal segment of the tarsus,
below the 2 claws. They
are covered with clasping
hairs which cause the leg to
adhere to surfaces on which
it walks, thus enable the
insect to climb smooth or
stecp surfaces.

— Clinging, as in the
human louse; note that the
tarsus is one-segmented and
ends In a powerful claw

which works against a tibial

processso as to cling to,
or maintain a firm hold of;
the host.

— Collecting food, as
in the hindlegs of the honey
bee worker; cach of which
is modified into a pollen
collecting apparatus. The
tibia is broad and has a
concavity on the outer side
bordered  with  curved
bristles, thus forming a
pollen basket. The 15t
tarsal segment is much
cnlarged and carries rows
of stiff hairs forming the
so-called pollen brush.

Pollen is combed off the
hairs on the body and
appendages and deposited
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on the pollen brushes. It
is then transferred from ihe
brush on one leg and packed
into the pollen basket on
the other leg,

— Draw.

2. The Wings,

The majority of insects
possess 2 pairs of wings
which arise as horizontal
membranous folds of the
skin from betwecn the terga
and pleura of the meso-
and metathorax. They bear
a framework of thickened
ridges known as veins
which contain air-tubes,
nerves and vessel-like com-
munications of the body
cavity. The number and
arrangement of these veins
are charatteristic of each
group of insects. In some
insects the forewings are
much hardened to form
protective wing covers, the
elytra, or are less stout,
leathery and called the
tegmina. In others the
hindwings are wanting
and  represented only
by two slender processes
hnown as halteres.

Some insects are primi-
tively winglcss and others
have sccondarily lost their
wings usually because of
their parasitic habit.
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‘which the

C. THE ABDOMEN

The abdomen is typically
composed of 11 segments.
The last segment, however,
is usually much reduced,
so the number of apparent
segments rarely exceeds 10.
Each segment has a dorsal
tergum,a ventral sternum
and 2 lateral pleura on
respiratory
spiracles are usually
located.

The abdomen is limbless
in adult insects but frequent-
ly bears some appendages
at its posterior end, either
in modified form such as
the cerci, or incorporated
in the formation of the
genitalia. The  male
genitalia are usually located
on the gth segment and
consist of a pair of claspers
and an intromittent
aedeagus in between. The
female genitalia generally
consist of an ovipositor,viz.
egg-laying organ, arising on
the 8th and gth segments.

DISSECTION

For a general description
of the internal anatomy of
insects, refer to the dis-
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scction of the cockroach
Periplancta americana in Vol.
II of this book, Thesame
figures are given here again
to show the general internal
structure ol inseccts.

METAMORPHOSIS

Growth of insects is
accompanied by the shed-
ding off of the skin, known
as moulting or ecdysis.
Usually it happens several
times, in each of which the
skin 18 renewed. The
interval of time between
two successive moults is
called a stadium and the
form assumed by the insect
in cvery stadium is called
an instar. The majority
of insects change in form
while passing from one
instar to the other and this
process is  known as
metamorphosis,

A. The Ametabola.

The simplest insects
emerge from the egg in a
form that differs from the
adult only in the absence
of wings, the incomplete
development of the repro-
ductive organs and absence
of external genitalia. Their
instars are accordingly
similar to one another, and
if the adult is a wingless
insect, then they will be
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also similar to the final
Instar. Such insects are
regarded as exhibiting no
or slight mietamorphosis,
and form the group
Ametabola.

B. The Metahola.

These are winged insects
which undergo  meta-
morphosis. The process is
either simple or complex
and accordingly two main
groups of metabolous insects
are known:

1. The Heterometabola,
include the lower orders
which pass through simple
metamorphosis, known as
direct or incomplete
metamorphosis. Their
young are called nymphs
and are usually similar to
the adult in body form,
mouth-parts and usually
live in the same habitat.
They also have compound
eyes and#egs. Their wing-
buds develop as external
outgrowths(hence alsocalled
the Exopterygota) which
are visible from outside
throughout most of the
nymphal instars till they
expand to their full size
after the last moult. (Some
terrestrial insects of these
have aquatic nymphs and
are sometimes grouped as
the Hemimetabola).
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2. The Holometahola,
include the higher orders

which exhibit a more
complex  metamorphosis
known as indirect or

complete metamorpho-
sis.  Their early young
stages are called larvae.
These differ markedly from
the adult in body form,
mouth-parts, habits and
often live in a different
habitat, They also have no
compound eyes but lateral
ocelli, reduced or no legs,
and their wing-buds develop
inside invaginated sacs of
the body wall, so they are
not visible from the outside
throughout the whole larval
period (hence also called
Endopterygota in contra-
distinction to the Exopteryg-
ota which are described
above). The larval instars
are succeeded, after a period
of inactivity, by an Inactive
stage called the pupa. This
does not feed or move
(except rarely) and is often
enclosed in a cocoon or
some sort of protective
cover. During pupation a
great physiological and
developmental activity
takes place by which the
larval tissues are broken
down and the new adult
tissues are built. At last
the final moult occurs and
the adult orimago emerges.

Examine the develop-
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mental stages of the silver
fish, Thermobia aegyptiaca
(no metamorphosis), the
cockroach, Periplaneia ameri-
¢ana (incomplete metamor-
phosis), and the silkworm
moth,Bombyx mori(complete
metamorphosis), and note
the different types of
metamorphosis.
— Make drawings.

i) Types of Larvae.

Examine specimens of the
following different types of
insect larvae and compare
between them :

— Eruciform larva,
caterpillar-like, with a
fleshy, cylindrical well-seg-
mented body, very short
antennae, short thoracic
legs and abdominal
unjointed processes known
as prolegs, as in the silk-
worm.

— Campodeiform larva,
looks like Campodea, one of
the primitive insects, with
elongated and somewhat
depressed body which is
well sclerotised, long anten-
nae, long thoracic legs and
a pair of terminal append-
ages, as in the aphid lions.

— Scarabaeiform larva,
grub-like, with a sub-
cylindrical C-shaped body,3
pairs of thoracic legs, and
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no terminal abdominal

appendages, asin the scarab
beetle.

— Vermiform or Apo-
dous larva, maggot-like,
with a worm-like body, a
distinct head, but no legs,
as in the house-fly.

— Make drawings.

it) Types of Pupae,.

Examine the following
types of insect pupae and
note the differences bet-
ween them :

— Exarate pupa, with
the appendages free and
not completely adhering to
the body,as in the honey bee.

— Obtect pupa, with
the appendages firmly press-
ed against and glued to
the body; as in the silk-
worm moth.

— Coarctate pupa,
essentially of the exarate
type but enclosed in the
hardened larval skin known

as puparium, as in the
house-fly.

CLASSIFICATION

The class Insecta is recent-
ly divided into many orders
not only on the basis of
structural characters but

also on fossil history. The
following are the most

important of these orders.
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Examples of the common
and economically import-
ant insccts in Egypt, some
of which you are probably
well acquainted with, are

cited for each order.
Examine these insects,
recognize the diagnostic

features of their orders and
make drawings.

A. Subclass APTERYGOTA
(AMETABOLA)
Primitively wingless in-
sects, with no or slight

metamorphosis.

1. Order Thysanura
(Bristle-tails and Silver fish),
small elongate insects.

With many-jointed ante-
nnae; compound  eyes;
biting mouth-parts (extern-
ally visible); 11- seg-
mented abdomen with
paired styliform appendages;
two long, jointed cerci and
a grd median filament in
between.

Of'the common Egyptian

Thysanura is the silver fish,
Thermobia aegypliaca,

2, Order Collembola
(Springtails), minute insects
immensely found on and
below damp soil,under bark
or decaying logs.
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Whith 4-segmented ant-
ennae; no compound eyes;
biting mouth-parts {hidden
within the head) ; 6-segment-
cd abdomen carrying 3
pairs of highly modified
appendages, the grd pair of
which forms a  forked

springing organ for jumping.

Of the common Egyptian
Collembola are the cotton
sprmgtaﬂ Lepidocyrtinus
incerfus; and the banana
springtail, Entomobrya musu-
tica,

B. Subclass PTERYGOTA

(METABOLA)

Winged or secondarily
wingless  insects,  with
metamorphosis.

a) Section Exopterygota
(Heterometabola)

Wings develop externally,
with incomplete meta-
morphosis.

3. Order Ephemeroptera
(Mayflies), small elongate
soft-bodied insects, common
about ponds and streams.

With short setaceous
antennae; vestigial mouth-
parts;unequal membranous,
unfolded wings (hind pair
smaller) held up vertically
when at rest; 2 or g very
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long caudal processes;
aquatic nymphs with trach-
eal gills on the ahdomen.

Of the common Egyptian

Ephemeroptera  is  the
mayfly, Polymitarcys savignyi.

Order Odonata
(Dragonflies and Damsel-
flies), large, beautifully

coloured, predaceous insects
which spend most of their
life flying.

With minute filiform
antennae; large prominent

compound eyes; equal,
elongate, membranous
wings, unfolded on the

abdomen in repose; long
slender abdomen with short
cerci, and accessory male
genitalia on the 2nd and
ard sterna; aquatic preda-
ceous nymphs, with rectal
or caudal gills, and a
modified prehensile labium,

Of the common Egyptian
Odonata are the dragonfly,
Crocothemis erythraea; and the
damselfly, Ischnura sencgal-
ensis.

5. Order Orthoptera
(Grasshoppers, Locusts and
Crickets), medium to large-
sized, elongate, leaping in-
sects, which are usually
herbivorous and some are
very destructive to veget-
ation.

With biting mouth-parts;
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winged or wingless, fore-
wings are thickened over-
lapping tegmina (sing.
tegmen), hindwings mem-
branous and folded
beneath the former; hind-
legs with enlarged femora
for jumping; tarsi with 3
or 4 segments; short
unjointed cerci; ovipositor
developed in female;special-
ised stridulatory organs in
male.

Of the common Egyptian
Orthoptera are : the desert
locust, Schistocerca gregaria;
the Egyptian locust, Anac-
ridium acgyptium; the long-
horned grasshopper, Homo-
rocoryphus nitidulus; the black
field  cricket, Liogryllus
bimaculaius; and the mole

cricket, Gryllotalpa gryllotalpa.

6. Order Phasmida
(Stick- and Leaf-insects),
large, elongate, herbivorous
insects often found on trees
and shrubs; with either very
long cylindrical bodies
simulating sticks or depress-
ed bodies looking like
plant leaves.

With biting mouth-parts;
wingless or with small fore-
wings as tegmina and longer
membranous  hindwings;
slender walking legs with
5-segmented tarsi; short
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unsegmented cerci; small
ovipositor.

Of the common Egyptian
Phasmida is the stick-insect,
Ramulus asgyptiacus.

7. Order Dermaptera
(Earwigs), elongate insects,
mainly nocturnal scavengers
hiding in day time below
stones, bark, among herbage
or in crevices in the soil.

With  typical biting
mouth-parts; wingless or
with short leathery fore-
wings as tegmina and large
semicircular membranous
hindwings;  3-segmented
tarsi; short unjointed cerci
modified into strong for-
ceps; no ovipositor,

Of the common Egyptian
Dermaptera is the large
earwig, Labidura riparia.

8. Order Embioptera
(Web-spinners), small
elongate herbivorous insects
living in the tropics in
silken tunnels spunin débris,
cracks i the soil, under
stones ... etc.

With filiform antennae;
biting mouth-parts; similar
fore- and hindwings in
males, but wingless females;
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short legs; 3-segmented
tarsi with silk glands in
the basal segment of the
anterior pair of legs; 2-
segmented cerci, asymmetri-
cal in male; no metamorph-
osis in female.

g. Order Dictyoptera
(Cockroaches and Mantids)
medium-  or large-sized
insects, poor fliers, cock-
roaches are  omnivorous
and invade houses while
mantids are predaceous.

With filiform antennae;
biting mouth-parts; nar-
rower forewings modi-
fied as tegmina and mem-
branous hindwings; slender
legs, all similar or the
forelegs raptorial; 5-seg-
mented tarsi; many-jointed
cerci; styles in male and

reduced ovipositor in female.

Of the common Egypt-
ian Dictyoptera are the
American cockroach, Peri-
planeta americana; the Eastern
cockroach, Blatta orientalis;
the German cockroach,
Blaitelle germanica; and the

preying mantid, Mantis
religiosa.
10. Order Isoptera

(Termites or White ants);
sinall- to medium-sized
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soft-bodied tropical insects
which feed on wood or
vegetation and make their
nests in the form of burrows
in trees, dry wood, wood-
work in buildings or in the
soil. They are polymorphic
and live in large social
groups or communities,each
including several forms of
individuals : fully winged
reproductive  individuals,
short winged supplementary
reproductive  individuals,
and apterous sterile soldiers
and workers; both sexes
arc represented in all these
forms.

With filiform or monili-
form antennae; typical
biting mouth-parts; very
similar eclongate membra-
nous wings with no cross
veins; 4-segmented tarsi;
short  cerci;  vestigial
genitalia in both sexes.
{(Although called white ants
yet they differ completely
from ordinary ants).

Of the common Egyptian
Isoptera is the white ant,
Hodotermes ochraceus.

11. Order Psocoptera
(Booklice and Barklice, or
Psocids), small and minute
soft-bodied insects occurring
mainly on trees, shrubs,bark
or stones and some wingless
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species live in houses among
books (but not louse-like
in form). They feed on
fragments of animal and
vegetable matter,

With long filiform anten-
nae; biting mouth-parts;
wingless or have long mem-
branous wings with reduced
venation; 2- or g-segmented
tarsi; globular abdomen;
no cerci.

Of the common Egyptian
Psocoptera is the booklouse,
Liposcelis.

12. Order Mallophaga
(Biting lice or Bird lice),
small or very small flattened
ectoparasites of birds, less
frequently infesting mam-
mals (not man) feeding on
bits of hairs, feathers or
skin of the host, and some
are important pests of
poultry.

With 3- to 5-segmented
antennae; reduced eyes and
no ocelli; biting mouth-
parts; no wings; ventral
thoracic spiracles; 1- or
2-segmented tarsi carrying
one or 2 claws; no cerci.

Of the common Egyptan
Mallophaga are the hen-
louse, Menopon gallinge; and
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the pigeon-louse, Lipeurus.

13. Order Anoplura
(or Siphunculata) (Sucking
Lice), smallflattenedsucking
ectoparasites of mammals
(including man) and some
are important vectors of
disease.

With g- to 5-segmented
antennac; eyes reduced or
absent and no ocelli;
piercing and sucking mouth-
segments
dorsal

parts; thoracic
fused; no wings;
thoracic spiracles; tarsus of
one segment bearing a
single curved claw for
clinging to host; no cercl.

The head louse, Pediculus
humanus capitis; the body
louse, Pediculus  humanus
corporis;and the pubic louse,
Phthirius pubis, are cosmo-
politan ectoparasitesofman.

14. Order Hemiptera or
Rhynchota. This is

divided into two suborders :

a) Suborder Homoptera
(Cicadas, Mealy bugs Scale
insects, and  Aphids),
minute to large terrestrial
insects, feeding on plant
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juices and many of them
are scrious pests of culti-
vated plants.

With short setaceous or
long filiform antennae; com-
pound eyes, ocelli present

or absent; piercing and
sucking mouth-parts form-
ing along rostrum arising
from the back of the head;
2 pairs of uniformly
membranous wings held in
a roof-like manner over
the abdomen at rest, or
wingless; 1- to g-segmented
tarsi; no cercl.

Of the common Egyptian
Homoptera are : the mealy
bug Iccrya aegypiiaca; the

scale insects Pseudococcus citri

and Chrysomphalus ficus; and
the cotton aphid, Aphis

£oSSyPit.

b) Suborder Heteroptera
{True Bugs), small to large
terrestrial and aquatic
insects, feeding on plant
Juices, predaceous or blood
suckers.

With 4- or 5-segmented
long antennae; compound
eyes, ocelli present or
absent; piercing and sucking
mouth-parts forming a
rostrum which arises from
the front of the head;
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either ‘winged with the
basal portions of the fore-
wings strongly thickened as
hemi-elytra, and at rest
they are folded flat on the
abdomen, wingless or with
short wings; <g-segmented
tarsi; no cerci.

Of the common Egyptian
Heteroptera are the green
cotton bug, Nezara viridula;
the giant water bug,
Lethocerus niloticus ; and the
cosmopolitan bed-bug,
Cimex lectularins.

15-Order Thysanoptera
(Thrips), minute or small
slender bodied insects found
onallkindsofgrowing vegeta-
tion, attacking flowers, buds
or fruits, penetrating the
plant tissues and imbibing
sap. Thus many act as
serious pests of cultivated
plants and some as disease
carriers to plants.

With short 6- to 10-
segmented antennae; com-
pound eyes, ocelli present or
absent; asymmetrical pierc-
ing and sucking mouth-
parts forming ashort conical
proboscis with g stylets (one
mandible and twomaxillae);
have long
narrow wings fringed with
long marginal hairs and

wingless or
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have few or no veins; I-
or 2-segmented tarsi ending
in protrusible vesicles; no
cerci; metamorphosis with
inactive pupal instar and is
thus intermediate between
incomplete and complete
types of metamorphosis.

The common dangerous
thrips which infests cotton
and other crops in Egypt
is Thrips tabaci.

b) Section Endopterygota
(Holometabola)

Wings develop internally,
with  complete  meta-
morphosis,

16. Order Neuroptera
(Alder flies, Lacewings and
Ant lions), small to large
soft-bodied predaceous
insects.

With long many-jointed
antennae; biting mouth-
parts; 2 pairs of very similar
membranous wings folded
roof-like over the abdomen;
5-segmented tarsi; no cerci;
terrestrial or  aquatic,
campodeiform, carnivorous
Jarvae, with biting and
sucking mouth-parts, and
tracheal gills in aquatic
forms; exarate pupa, in
silken cocoon.

Of the common Egyptian
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Ncuroptera are the lacewing
Chryscpa valgaris; and the
ant lion, Palpares cephalotes.

17. Order Lepidoptera
{(Butterflies and Moths),
common beautiful insects
easily recognised by the
scales on their body, wings
and appendages which come
off like dust when theinsect
is caught by the hands. They
feed on nectar of flowers
and the majority are of
considerable economic
importance especially in the
larval stage, devouring the
foliage of flowering plants
and thns acting as serious
pests. However, some are
beneficial producing the
natural silk,

With antennae of variable
forms; sucking mouth-parts
with an elongated proboscis
formed by the maxillae,
but the mandibles are
absent; 2 pairs of mem-
branous wings covered with
overlapping scales; 5-seg-
mented tarsi; eruciform
larva (called caterpillar)
with biting mouth-parts,
silk glands, g pairs of
thoracic legs and 5 pairs of
prolegs on abdomen; obtect
pupa, enclosed in silken

cocoon or earthen case or

free.
Many butterflies and

«— 195

lg,jg,fnia-bﬂli_.la.l_,.zulﬂl
2S5 Ja auly ¢ § ol
1 Il e U

ol AREpLy  — Y
Sl (LA s oAT)
o e 3 g AL B
p“"'_'d‘ dmg el
b Jaiy LBVl eVl
d-gbaii‘&-fb“u!ﬂlf
¢ _)'I.a_j\m Gy Slzas v
ipsbast LA L ool 2 LeSy
¢ BB b J Z..o'l..f-__, L
B Bhal ol T et
¢ apdat ST 0SS € o 3a
wrloh ade Vo Lo O g2
. &J‘-‘-‘I’H JiJ"u
¢ ot gl o b OB
A ¢ elll gl ran ety
OS5 91 pb
dogry ¢ OME Cnodlh OF
et Al $laal) B Dl 5
¢ AL 04 r.\illég_, ¢ 45710
) Sl g gl 56
o f’ ;I_,ai NS ER (t,_,.a'gl
R
G yrall Joo ¥ o 2t BN
s ol e c")j’i ety
Sy ¢ LSl ¢ ladt Lo
Gl M e @ B g
i S A QL S

LAl 3ds T G STy

Y40



mnoths are destructive to
crops through the great
voracity of their larvae, In
Egypt, many of such insects
are known to inflict severe
losses to crops, especially to
cotton, Thus, we have the
cotton leaf worms, Prodenia
lituraandLaphygma exigua,the
creasy cut worm, Agrotis

Jpstlon, the spiny boll-worm,

Earias insulana, the pink
boll-worm, Pectenophora
gossypiella, which all infest
cotton and destroy much
of its crop. The cabbage
butterfly, Pieris rapae; and
the painted lady butterfuly,
Vanessa cardui are two other
pests. However, this order
contains such beneficial
insects as the well known

silk worm moth, Bombyx mor:

18. Order Trichoptera
(Caddis flies), small-
to medium-sized, dull
coloured, moth-like insects
whose bodies and wings
are densely clothed with
hairs. They are poor fliers
and feed principally on
liquid food.

With long setaceous
antennae; biting mouth-
parts with well developed
palps but reduced mandi-
bles; membranous hairy
wings held in a roof-like
manner at rest; 5-segmented
tarsi; eruciform aquatic
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larva, with thoracic legs,
one pair of hook-like abdo-
minal appendages and
filamentous abdominal gills,
sometimes build cases of
various material to live in;
exarate pupa, in silken
cocoon.,

19. Order Diptera{Two-
winged or True flies}, a very
large group of small saft
bodied insects, abundant
almost everywhere. They
feed on plant and animal
Juices but many: are blood
suckers acting as serious
pests of man and animals
and important vectors of
disease.

With a single pair of
functional membranous
wings, the other (hind
pair) is modified into samll
knobbed sensory structures

known as halteres; sucking
mouth-parts with elongated
proboscis formed by the
labium, and no mandibles,
but some have piercing and
others sponging or biting
mouth-parts; pro- and meta-
thorax are small and fused
with the large mesothorax;
5-segmented tarsi; apodous
larvae called maggots, with
reduced head, live in many
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types of habitats and feed
on plants or are predaceous;
exarate pupa either free or,
enclosed in the thickened
larval skin or puparium
(coarctate).

There are various Diptera
which are mostly nasty,
and some are annoying,
kill sleep, destroy crops or
transmit serious diseases to
man and his domestic
animals. Thus, in Egypt
we have the midge,
Chironomus  pilosus;  the
mosquitoes, Culex pipiens,
Anopheles pharoensts and Aedes
acgyptii;the tabanid, Tabanus
taeniola; the Mediterranean
fruit fly, Ceratitis capitaia;
the olive fruit fly Dacus olea;
the famous fruit fly, Drese-
phila melanogaster; the nasty
house-fly, Musca domestica
vicina;the stable fly, Stomoxys
calcitrans;  the flesh fly,
Sarcophaga carnaria; the blow
fly, Lucilia sericala... etc.

20. Order Siphonaptera
(or Aphanmiptera) (Fleas),
small laterally compressed
ectoparasitic insects of birds
and mammals, sucking their
blood and some transmit
diseases.
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With short antennae en-
closed in grooves; no wings;
no compound eyes, only 2
ocelli; piercing and sucking
mouth-parts with 3 piercing
stylets  (maxillae  and
epipharynx) and well deve-
loped maxillary and labial
palps; thoracic segments
are free; long legs used for
jumping and 5-segmented
tarsi; apodous elongate
larvae, with biting mouth-
parts feeding on organic
débris; exarate pupa, in
cocopp made of silkk and
adhering particles of dirt.

Of the fleas which abound

in Egypt and many other

countries are : the human
flea, Pulex irritans; the rat
flea, Xenopsylla cheopis;the
cat flea, Clenocephalides felis;
and the dog flea, Cienoce-
phalides canis. '

21. Order Hymenoptera
(Ants, Bees, Wasps and
Ichneumon flies), a very
interesting group including
_the most beneficial insects
to man, some of which are
involved in the pollination
of plants and others act as
parasites or predators of
harmful insects. The adults
feed chiefly on flowers’ sap
-and other plant materials
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or body fluids of the host.
They exhibit a large divers-
ity of habits and some live
in large polymorphic com-
munities.

With long antennae; 2
pairs of membranous wings,
hindwings are smaller and
interlocked with hooks to
the forewings; biting mouth-
parts, often modified in
higher forms for lapping
and sucking; 5-segmented
tarsi; 1st abdominal seg-
ment fused with the meta-
thorax and separated from
the rest of the abdomen by
a constriction; well deve-
loped ovipositor  often
modified for sawing,
piercing or stinging; larvae
generally apodous, rarely
eruciform, with well deve-
loped head and more than
5 pairs of locomotory
appendages; exarate pupa,
in cocoon.

Numerous hymenopterous
insects are known to occur
in Egypt. Of these are :
the wheat sawfly, Cephus
tabidus, the useful ichneu-
mon fly, Pimpla reborater; the
wasp, Vespa orientalis; the
ants, Monomorium pharaonis
and Cataglyphis bicolor; and
the useful honey bec, Apis
mellifera
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22, Order Coleoptera
(Beetles and Weevils), the
largest order of insects,
found in almost every type
of insect habitat. They are
minute to large sized and
feed on all sorts of plant
and animal material.

With the forewings
modified into horny elytra
which meet along the mid-
dorsal line when at rest,
hindwings folded beneath
the elytra,reduced or absent;
biting mouth-parts; large
mobile prothorax, reduced
mesothorax; campodeiform
or eruciform larvae, seldom
apodous; exarate pupae, in
earthen cases or food plants.

Of the common Egyptian
Coleoptera, we may men-
tion the click heetle, Agry-
pnus notodonta; the heautiful

ladybird beetle, Coccinella undesim-

punciata; the scarab beetle,
Serabaeus sacer; the water
bettles, Hydrous aculeatus
and Cybister africanus and the
destructive weevils : the
granary weevil, Sitophilus
grangrius the rice weevil,
Sitophilus oryzae; the flour
beetle, Tribolium confusum;
and the lentils beetle, Bruchus
lentis.
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VI. Class ARACHNIDA

These are, with rare
exceptions, air breathing
terrestrial arthropods with
a strongly chitinized exo-
skeleton and body divided
into two regions,a prosoma
and an opisthosoma. The
prosoma includes both head
and thorax (thus sometimes
referred to as the cephalo-
thorax) and consists of 6
segments in the adult: the
1st is preoral carrying a
pair of chelicerae (in place
of antennae of insects and
myriapods), the 2nd is
postoral carrying a pair of
pedipalps, followed by 4
segments carrying 4 pairs
of walking legs. It also
bears sessile, usually simple,
eyes. The opisthosoma
(either differentiated into

mesosoma and metasoma or
not) consists of 13 segments
and a telson which tends to
become shortened in the
advanced forms.The genital
opening les on the 1st
segment of the opisthosoma.
Respiration is by lumg-
books or tracheae, or by

gill-books in aquatic forms.
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They feed on liquids extract-
ed from their prey and
ingested by a pharyngeal
sucking pump. Excretion is
by coxal glands and often
also by  Malpighian
tubules. Sexesare separate
and larval forms arc usually
(but not always) absent.

The largest arthropods
known were some forms of
arachnids,the Euarypterida,
some species of which
reached the length of more
than 6 feet, had used to
live during the Palaeozoic
era, but became entirely
extinct. Most arachnids
today are terrestrial, but
some are aquatic, and are
typically carnivorous, but
many are parasitic,

The arachnids seem to
form an isolated branch of
the arthropodean stock,
while crustaceans, myria-
pods and insects have much
in comimnon.

The class is divided into
several orders, the most
important of whicl are the
following 4 orders :

A. Order SCORPIONIDEA

This order includes the
scorpions which are charac-
terised by having a seg-
mented opisthosoma divided
into a meso- and a
metasoma, each of 6
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segments. The prosoma is
covered dorsally by a
cdrapace and carries a pair
of chelicerae and a pair of
pedipalps, both chelatc,
and 4 pairs of walking legs.
The mesosoma carries on
its 1st segment the genital
operculum, on its 2nd
segment a pair of pectens,
while the succeeding 4
segments carry each a pair
of lung-hooks which open
on the ventral surfacc by
paired stigmata. The meta-
soma consists of narrower
segments forming a flexible
‘tail’ which bears no
appendages, and the telson
is modified into a poison-
sting.  They are vivi-
parous or ovoviviparous.

The Scorpion
Buthus

The scorpion is a
dangerous arthropod,widely
spread in the tropical and
temperate regions, but not
known above the 45th
parallel of latitude in the
north. It is nocturnal,
hides away in the day time
and becomes active during
the -night. It feeds on
insects and spiders, only the
body juice is sucked, and
when the prey is big, the
scorpion kills it by its sting

which can be turned for-
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wards above and in front
of the head. After copula-
tion, the female often kills
the male, and when the
young are born they are
carried on the back of their
mother. We shall study
B. quinqguestriaius, but the
points of difference bet-
ween this species and other
species of scorpion are not
great.

2) External Features.

Examine the specimen
provided and note :

— The body is divided
into an anterior prosoma
and a posterior opistho-
soma which is subdivided
into a broad mesosoma
and a slender metasoma
that ends in a sting.

— - The prosoma, or
cephalothorax, is covered
by a dorsal shicld or
carapace which carries
dorsally a pair of large
median eyes and two
groups each of 5 smaller
lateral eyes on the antero-
lateral borders; all the eyes
arc simple. The mouth
is small and ventral. The

prosoma carries 6 pairs of
appendages :

The chelicerae are
small and consist cach of
3 joints, the distal two of
which form a chela.
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The second appendages
are the large pedipalps,
carried horizontallyin front
and acting partly as feelers
and partly as raptorial
organs. Each consists of 6
joints, the distal two of
which form large toothed
pincers (offensive).

The grd — 6th pairs of
appendages are walking
legs (4 pairs), each consists
of 7 segments furnished
with sensory hairs : coxa,
trochanter, femur, tibia
and g tarsi terminating
with 2 curved claws and a
grd median small claw in
between.

— The mesosoma
continues the outline of the
prosoma and consists in the
adult of 6 conspicuous
segments, the exoskeleton
of each is formed of a
dorsal tergum, a ventral
sternum and 2 lateral pleural
membranes, The 1st adult
segment carries on its
ventral surface a genital
operculum which covers
the single median genital
aperture. This operculum
is divided by a median cleft
into two semicircular plates
and is considered as a
modified pair of mesosoma-
tic appendages. The second
segment carries a pair of
comb-like structures known
as pectens (modified
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appendages, tactile in
function) with teeth-like
processes on their posterior
edges. The pectens are longer
in the male than in the female.
On the sterna of the
following 4 segments lie
paired stigmata or
spiracles in the form of
obhque slits; they lead into
the respiratory organs
known as lung-books
{modified appendages).

~— The metasoma

consists of 6 limbless seg-

ments, each has its tergum
fused with its sternum, thus
forming narrow, cylindrical
segments jointed to one
another, the last houses the
anus ventrally and termina-
tes with the telsom. This
forms the sting which is
bulbous at the base and
curves to form a sharp
spine. Two poison glands
are found within the bulb
and open by a single orifice
near the tip of the spine.

— Make labelled drawings
of the scorpion as seen jfrom
the dorsal and wventral aspects,
and of one of its chelicerae.

b) L.S. of Lung-Book.
Examine an L.S5. of a
lung-book of the scorpion
and note :
— The stigma leads
into a wide air chamber
inside the lung-book.
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-— The respiratory
lamellae are numerous
hollow ingrowths of the
body which are set up
vertically from the rool of
the air chamber, parallel
to one another like the leaves
of a book. Each lamella
encloses a narrow air space
which 1s in communication
with the air chamber.

— The haemocoelic
sinus is a spacious cavity
filled with blocd and all
the lamellae project into it.
The blood from this sinus
circulates in the compressed
blood spaces between the
lamellae, and thus respira-
tory exchanges take place
through the thin walls of
the lamecllae.

— Make a labelled drawing.

c) Dissection.

* Use a freshly-killed scorpion
for your disscction. Make two
longitudinal cuts with fine
scissors across the pleural mem-
branes of the mesosomatic scg-
ments. Proeceed forwards on both
sides of the prosoma below the
carapace. Turn thc specimen in
your hand and cut through the
exoskeleton of all the metasomatic
segments on either side.

* Lay the spccimen in the
dissecting dish, with the dorsal
side uppermost, and pin it down
on both side through the legs
and most of the sterna of the
meso- and metasoma.
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* (Carefully reflect the carapace
and 2ll the terga of the meso-
somatic segments intact to one
side and pin them down. Remo-
ve the terga of the metasomatic
segments one by one very
carefully.

i) The Heart.

Note that the heart is
tubular, lies within a
spacious pericardial sinus
and extends in the mid-
dorsal line along the whole
length of the mesosoma. It
appears divided by slight
constrictions into 7 cham-
bers each with a pair of
dorso-lateral ostia and a
pair of lateral arteries.
Note that the heart leads at
its anterior end into an
anterior aorta and
posteriorly into 2 posterior
aorta. The circulatory system
is open. The fine arterial
branches open into sinuses
which constitute the body
cavity, and from which
blood is passed to the lung-
books to be aerated, then
carried back to the peri-
cardial cavity and enters
the heart. The 4 lung-books
of each side are enclosed
in a long ventro-lateral
haemocoelic sinus.

ii) The Digestive System.

Note that the alimentary
canal is a straight tube
differentiated into :
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— The stomodaeam
is short and starts with the
mouth which leads into a
muscular suctorial pharynx
followed by a short narrow
oesophagus.

— The mesenteron is
the longest division and
consists of two distinct
regions : an anterior dilated
stomach lying in the
prosoma, and a posterior
- long intestine extending
through the mesosoma and
almost the whole length of
of the metasoma. The
anterior portion of the
intestine, found in the
mesosoma, is relatively
wider and surrounded by a
large bilobed digestive
gland from which it
receives 5 ducts on each
side. The posterior portion
of the intestine extends as
astraight narrow tube along
most of the metasoma,

~— The proctodaeum
is extremely short, extending
along only part of the last
metasomatic segment, and
ends by the amus which
lies on the soft membrane
between the last segment
and the telson.

iii)The I::xcretory System.

Excretion in the scorpion
is carried out by :

— The coxal glands
which are two small oval
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coelomic excretory glands,
that lie in the posterior part
of the prosoma, and each
opens Lo the exterior by a
short duct on the coxa of
one of the grd walking legs.

~ The Malpighian
tubules are 2 pairs of
delicate branching excret-
ory tubules which open in
the intestine at the posterior
end of the mesosoma; one
pair branches in the meso-
soma and the other longer
pair extends in the prosoma.

iv) The Reproductive
System.

The sexes are separate.
Note that the gonads lie in
the mesosoma, more or less
embedded in the digestive
gland.

- - In the male, note
the 2 testes, each formed
of a pair of longitudinal
tubules intercornmunicated
by cross branches. The
testes lead to the exterior
through a common median
vas deferems. This is
furnished with one pair of
vesiculae seminales, one
pair of accessory genital
glands and a double intro-
mittent penis.

— In the female, note
the single ovary located in
the posterior half of the
mesosoma and formed of
3 longitudinal tubules con-
nected by cross branches.
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it leads forwards by two

tubular receptacula
semines into a short
mcdian  vagina, which

opens to the exterior through
the genital opening.

Fertilization is internal
and the young are carried
by the mother for some
time after birth.

v) The Nervous System.
This consists of :

~—The supraoesophag-
eal ganglia form a dorsal
bilobed mass, which gives
off nerves to the eyes.

— The suboesophageal
ganglion is a large ganglio-
nic mass, connected to the
supraoesophageal ganglia
by a pair of circumoeso-
phageal commissures.
Nerves are given off from
this ganglion and the con-
nectives to all segments and
appendages of the prosoma
as well as to the first 4
scgments in the mesosoma.

— The nerve cord is
distinctly double and carries
8 gangha, one in each of
the last 2 mesosomatic and
all the metasomatic seg-
ments.

- Make drawings of the
internal organs of the scorpion
Jrom your dissection.

—What are the character-
istic  features of the
Scorpionidea ?
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B. Order ARANEIDA

This is the group of true
spiders which are character-
ised by having the body
divided into a prosoma and
a soft unsegmented opistho-
soma, connected together
by a narrow waist; no
telson; the chelicerae are
2-jointed non-chelate and
contain poison glands; the
pedipalps are non-chelate
and sensory (develop term-
inal sexual organs in the

male for  transmitting
sperms);  with  usually
g pairs of spinnerets;

respiration by lung-books,
tracheae or both; oviparous.

It is a large, widely
spread group which occurs
in many types of habitats.
All  its members are
predaceous and feed mainly
on insects. The majority
spin webs of several types
in which they live and snare
their prey, but some do not
form webs, move actively
and chase their prey.

The Wolf Spider
Lycosa

Lycosa ferox is a large
ground spider of a dark
brown colour. It spins no
web but lives on the ground
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and hunts its prey. These
are pierced and poisoned
by the chelicerae and
their body fluids are then
sucked up by the muscular
pharynx. The sexes are
separate and the male is
smaller in size than the
female, The eggs are laid
in silken cocoons which are
carried by the mother.

Examine the specimen
provided and note :

-— The body is divided
into an anterior prosoma
and a posterior opistho-

soma, both unsegmented and

connected to cach other by
a narrow soft waist or
pedicel.

-— The prosoma is
prismatic in form and
covered by a dorsal shicld
or carapce, marked with a
series of transverse grooves.
It carries dorsally 8 simple
eyes arranged in three
rows : 4 small eyes in the
anterior row and 2 large
eyes in each of the second
and third rows. The mouth
is small and lies ventrally
between the bases of the
pedipalps.

The prosoma carries 6
pairs of appendages :

The chelicerae arcsmall
and each formed of only 2
joints, a large conical basal
joint which containsa poison
gland, and & hook-like
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tapering terminal joint
which bears the orifice of
the poison gland at its
extremity.

The pedipalps are short
leg-like feelers, each formed
of 6 joints. Their coxae
bear blade — like inward
projections (often called
maxillae) furnished with
stout hairs. In the male,
the terminal segment of
each pedipalp is obviously
enlarged and modified into
an intromittent sexual organ
called the palpal organ,
in which the sperms
are sucked wup and
transferred to the female
opening during mating., It
consists of a swollen sac, or
seminal receptacle,
furnished with a long coiled
ejaculatory duct.

The 4 pairs of walking
legs are very Iong and com-
posed each of 7 segments :
coxa, trochanter, femur,
tibia and g tarsi. They
are covered with dense hairs
which enable the spider to
cling to smooth or steep
surfaces and each ends in
2 large toothed elaws and
a grd small claw in between.

— The opisthosoma is
elongated, cylindrical, with
no traces of segmentation
and its skin is uniformly
soft, covered with hairs. On
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the ventral side, near its
anterior end, there are 2
lateral transverse stigmata
which lead into a pair of
Iung-books. A transverse
groove, the epigastric
groove, extends between
the two stigmata. The
single median genital
opening lics in this furrow,
being covered in case of the
female by a thin transverse
plate. The anus is carried
on an analtubercle project-
ing at the posterior end of
the opisthosoma. Below it
note the presence of g pairs
ofjointed movable processes
known as the spinnerets
(2 large superior, 2 small
middle and 2 large inferior)
the tips of which are
perforated by the numerous
openings of spinning
glands.

—- Make drawings of the
spider, and of the chelicerae and
the pedipalps of the male.

Tegenaria domestica is a
smaller spider which is more
sedentary and is often found
in houses. It spins an
extensive web of fine texture
in which it lives,

Compare the structure
of the spider with that of
the scorpion.
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C. Order SOLIFUGA

These comprisearachnids
which live in tropical and
subtropical regions. The
body is divided into a
prosoma and a 10-seg-
mented opisthosoma, with-
out a pedicel or telson; the
body and appendages are
very hairy; the chelicerae

are 2-segmented and chelate;

the pedipalps with a
terminal sensory organ on
each;respiratory organs are
well developed tracheae.

The Sun Spider
Galeodes

Galeodes arabs is a large
arachnid common in both
Eastern and  Western
Deserts in Egypt. It is
nocturnal, non-venomous
and predaceous feeding on
insects, scorpions, spiders
{and somectimes cannibal,
killing each other).

Examine the specimen
provided and note ;

— The prosoma
consists of an anterior
swollen unsegmented por-
tion covered by a large
dorsal shield,and 2 posterior
free segments,cach covered
by a separate tergum, The
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prosoma carries dorsally 2
simple eyes and s
prolonged anteriorly, below
the chelicerae, into a long
rostrum  bearing  the
mouth opening. It carrics
6 pairs of appendages,
which are:

The chelicerae are very
large, each is 2-segmented
and consists of an upper
immovable segment and a
lower smaller movable one,
both forming a powerful
chela. They contain no
poison glands, but the upper
joint carries in the male a
lancet-shaped process
known as the flagellam.

The pedipalps are long,
leg-like, G-segmented and
each ends in a protrusible
organ of sensory and
adhesive function, Their

coxae bear each an opening
of an excretory or coxal

gland,
The 4 pairs of walking
legs are long, densely

covered with hairs and
spines,and end in a variable
number of tarsi (1-4) and
2 claws each. The 1st pair
is long but weak and not
used forwalking but directed
forwards with the pedipalps.
The other g pairs arc truly
locomotory. On the ventral
surface of each leg of the
last pair there arise 5
characteristic organs,
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probably tactile, known as
malleoli or racquet-
organs. Fach has a tubular
shaft and a fan-shaped
expansion.

— The opisthosoma
is large, oval and consists in
the adult of 1o segments,
each covered by a dorsal
tergum, a ventral sternum
and thin lateral pleura. The
single genital opening is
placed on the sternum of
the 1st segment, and the
anus on the last segment.

Note that the stigmata
are only 7 in number, one
pair lies in the prosoma
between the coxae of the
2nd and grd pairs of walking
legs, 2 pairs open on the
posterior edges of the 2nd
and grd segments of the
opisthosoma and a single
stigma on the 4th segment.

— Make drawings of the
dorsal and ventral aspects of
Galeodes.

— In what respects do
the Solifuga appear more
primitive than  other
Arachnida ?

D. Order ACARINA

This order comprises the
ticks and mites which are
diagnosed by having a false
head or capitulum project-
ing from the boly; the
prosoma is fused to the
opisthosoma and both are
apparently unsegmented;
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the prosoma carries a pair
of chelicerae, a pair of
pedipalps (both assaciated
with the mouth-parts which
arc mainly adapted for
piercing and sucking) and
4 pairs of walking legs, but
only 3 pairs in the larva;
no telson; respiration by
tracheae or cutaneously;
oviparous and life-history
includes a larva which
metamorphoses  into  a
nymph and this into the
adult; genital opening
antero-ventral.

Acarines have developed
highly specialized charac-
ters correlated with their
parasitic habits. They are
mainly terrestrial, either
free-living or ectoparasites
of plants and animals of all
sorts, but some are aquatic
and a few are endoparasites,
Of the parasitic forms many
are carriers of disease, and
thus ticks and mites are of
great economic importance,
Ticks are small-sized and
classified into 2 families,
the Ixodidae (hard tlcks)
and the Argasidae (soft
ticks}. Mites are minute
in size.

1. The Soft Tick
Argas

Species of Argas are
chiefly ectoparasitesofbirds
and bats. Some are serious
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pestsof poultry and import-
ant vectors of many avian
diseascs. They may bite
man but do not transmit
to him any disease.

The egg hatches out of a
larva which after one moult
passes into a nymph that
moults to become adult.
The g stages are easily
distinguished from one
another.  They hide in
crevices in the soil and the
habitats of their hosts, come
out several times to feed
for a short while, then
retreat to their hiding
places.  Females usually
oviposit after each meal.

The fowl tick, Argas
persicus, is a  widely
distributed  parasite of
chicken, ducks, gcese as well
as some wild birds,

Examine the provided
specimens ofdrgasand note:

a) Intheadults:

—- The body is ovoid,
dorsoventrally  flattened,
unscgmented and covered
with a soft leathery integn-
ment (hence the name soft
tick). The prosoma and
opisthosoma are [used to-
gether (characteristic of the
order).

The capitulum is a
distinct head-like prolonga-
tion of the prosoma which
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carries the mouth-parts. It
arises on the ventral side
and does not projett in
front of the anterior body
margin. It has a thick base,
the basis capituli, bearing
a 4-segmented leg-like

sensory pedipalp on either
side and a median probos-
cis. The proboscis is mainly
formed of 2 long slender
chelicerae, cach is 2-jointed
and sharply scrrated distally
(for piercing the skin of the
host); a ventral spoon-
shaped prolongation known
as the hypostome, armed
with rows of recurved teeth
.{to take a tight grip of the
host’s skin); and 2 dorsal
cxtensions which ensheath
the chelicerae, the
cheliceral sheaths. A
sucking channel is formed
between the hypostome and
the chelicerae, through
which the blood of the
host is sucked in,

—The 4 pairs of walking
legs, cach is usually 6-
segmented and ends in 2
claws and an adhesive
pad. Asigle median genital
opening lies between the
first and second pairs of legs.
It is semicircular in the
male and transverse in the
female. Between the coxae
of the grd and 4th pairs of
- legs thére ate 2 stigmata,
and the amus is placed
centrallyonthe ventral side.
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b) The Larva is very
small in size, and fas only
3 pairs of wa!kzng legs. Tts
mouth-parts are similar in
structure to those of the
adult but the capitulum is
terminal and all of it projects
in front of the body.

c} The Nymph is larger
than the larva, has 4 pairs
of walking legs and its
structure is similar to that of
the adult, except that the
reproductive system is in-
completely developed and
there is no genital opening.

— Make drawings of all
stages of Argas and of an
enlarged capitulum,

2, The Hard Tick
Rhipicephalus

This is a cosmopolitan
genus which has a wide
host range, parasitising
many mammals (sheep,
cattle, goats and various
domestic animals) and
may bite man if given a
chance. It may attack 2 or
g different hosts in its lifc-
history, and many of its
species are of considerable
economicimportance,acting
asreservoirs and vectors of

disecases for a variety of
animals.
Rhipicephalus  sanguineus,

the kennel tick, is very com-
mon in Egypt, parasitizing

<— 220

F.;Li o_;u\...p u&‘, r.d.llBJ-Jl ._u
J") wc}_}'ld.l}l.lub}('l-l?-
et b Ay ¢ L
B dLi'l Olyd-bs 2o ol Ay
ds” 5 ¥ 1P/ g 5 I
3 r_J-:ir'ui
o ST
Jot o El,)'l § Ly AL
UpU-'I A adk Loy « jpeat
_,LG.-Li Ol e L.; ¢ dLlI Ol
i LS'.-. d,ﬁl J..KU..J J_.LJI

Sy & YK..\ .

LS 3 ag-b-ﬂln

dald-4 313 — ¥
oy I
257 Je Jdatd saaze Jile d
qui, izt r"'”) el e
Of oLl am My ¢ (W
NSPSIRTIPICI \[p- IP PCIP|
Gt 3% o Cpikie e
35 aelyl o Les” DU IS ¢ il
P oS sl 4.:.°’i
sde LolaY Pl Oitesgiad
. C.JU!,::»-
Al SN 515
¢ par 3 T Sl s il
\AR



BT SUSI Ot g LA )
chalicera '® cheficeral sheath ‘ pedipalp ._;-,-_j;“
) capitutum
Ine n \_-"!.;.JI aeli

basis capitull AR A

genital opening

T b Olea
adanal shields

(Ventral view by )
i.i‘!j)ll
capitulum N
7’ chelicera
wede by
._ pedipalp 3
ere a.’ scutum Al s F 2
I  ; hyposteme £
i r \ 3 LORR RS - -l
£ y : ) cheliceral sheath )
3 5 N Y [T == R
6 S » basis capituli (Dorsal view wp jBu)
' =t )
spiracle & i
. )
(spb i) \", Enlarged capitnlum

{Dorsal view)

Ja
legs

(Yentral view gby fi)

« g b Sl WL s
SARCOPTES SCABIEI



a
-

chiefly dogs, but it also
attacks all domestic and

many wild animals and
birds.

The female lays only one
batch of a large number of
eggs which hatch out of
6-legged larvae. The
larva parasitizes small mam-
mals or birds and after
feeding for about 4 days it
drops to the ground and
moults to a nymph. The
nymph searches for a2 new
host (probably another kind
of mammal) and after 3-11
days of feeding it drops to
the ground where it moults
only once to the adult.

This attaches to the host
mostly on or in the ears.
The female feeds for 1-3
weeks then drops to the
ground to oviposit, but the
- male remains attached
indefinitely.

Examine preparations of
the g stages of Rhipicephalus
and compare them with the
corresponding  stages of
Argas.

In the adults, note that
the capitulum is terminal
and projects in front of the
‘body so that all of it is
visible from above. The
female is readily disting-
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uishable from the male by
the presence of a thickened,
brownish shield-like dorsal
cover on its anterior part,
called the scutum. In the
male, the scutum covers
the wholedorsal surface.The
posterior margin of the body
has a number of quadrate
divisions of the integument
known as festoons. Two
eyes are found one on
cither side of the scutum,
and the anus is flanked by
2 large triangular adanal
shields. The 2 spiracles
he on large spiracular
plates behind the coxae of
the 4th pair of legs.

— Magke drawings.

3. The Itch-Mite of Man
Sarcoptes

Sarcoptes scabiei 1s a nasty
and dangerous acarine
which attacks man causing
the known scabies which
produces severe irritation
that may lead to eczema.
The parasite bores down,
and lives below the skin
especially in the soft regions
(e.g. between the digits). It
is minute insize and hardly
seen with the nacked eye.
The hife-history involves also
a G-legged larva and one

ortwo 3-legged nymph stages.

Examine the preparation
provided and note :
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— The body with
transverse striations and
few short bristles.

— The mouth-parts
situated anteriorly and
pravided with chelate
chelicerae.

— The ¢ pairs of legs
two located anterorly
provided with terminal
stalked suckers, and two
posteriorly carrying long
bristles; the former are the
stronger and project heyond
the body, while the latter
are shorter and attached
more ventrally.

— Make a drawing.

— What are the charac-
teristic features of the
Acarina ?

— What are the main
types of the acarines ?
Compare and contrast their
diagnostic features.
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CHAPTER I
PHYLUM
MOLLUSCA

This phylum comprises
soft, coelomate, unseg-
mentcd animals, but some-
how related to the phylum
Annclida  through the
affinity of their larval forms
(of the trochosphere type)
to each other. The molluscs
are also typically bilaterally
symmetrical animals, with
g distinct regions in the
body : a head, a ventral
foot and a dorsal visceral
hump; the skin is soft,
and lorms a dorsal or lateral
fold called the mantle
ensheathing the wisceral
hump, and often secrctes a
largely calcareous shell the
mantle also encloses an open
mantle cavity within which
lie a pair of ctenidia (or
gills), the anus and renal
openings; coclom reduced
and represented by the
pericardial cavity and the
gonadial cavity which opens
to the exteriorwith coelomo-
ducts; heart dorsal and
consists of a ventricle and
2 auricles; blood system
well developed and extends
into more or less extensive
hzemocoel;nervous system
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usually contains paired
cerebral, pleural, pedal and
visceral ganglia; alimentary
canal usually with a buccal
mass, radula and a stomach
into which opens a digestive
gland; unisexual or herm-
aphrodite and develop-
ment is direct or indirect
through trochosphere and
veliger larvae,

The mollusca form a
very  successful  phylum
which comes, as regards
number of specics, second
to the Arthropoda. They
arc largely marine, but
some forms live in fresh
water and some others on
land. The phylum comprises
5 classes, 4 of which will be
considered here.
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I. Class AMPHINEURA

This is the class of chitons
which are entirely marine.
The body is elongated and
bilaterally symmetrical,with
mouth and anus opening at
opposite ends; with a poorly
developed head which lacks
cyes and tentacles; mantle
covers whole of dorsal
surface and secretes calc-
areous spicules and usually
also a shell; foot flattened
and large, but sometimes
reduced; nervous system
without definite ganglia;
radula present; usually with
a pelagic larva of the
trochosphere type.

The Chiton

Acanthochiton

There are several species
of chitons, any of which
would serve the laboratory
study well.  Of these
Acanthockiton spinigera is one
of the large species (up to
10 cm in length) which is
commonly found on our
sca coasts. It is seen
adhering to rocks, but it
can creep slowly from place
to place to feed largely on
algae. When detached from
the rocks with violence, it
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usually rolls itself up to
assume a more or less
spherical form like a ball,
with its shell out and its foot
in. Thus, the animal should
be first taken out of water
with a piece of rock to
which it is adhering,
narcotized slowly to set it
free and then fixed to
preserve its normal form.
The sexes are separate.

a) External Features.

Examine the specimen
provided and note :

— The general coloura-
tion and shape of the
body, dark greenish-brown
above and buffish below.
The body is elongated and
oval in shape, convex above
and flattened below.

— The mantle covers
the whole of the dorsal side
of the body. Note the

presence on the dorsal side of

the mantle of a calcareous
sbell formed of 8 trans-
verse plates the edges of
which  overlap (thus
cnabling the animal to roll
up into a ball when
disturbed}. Mark the size
and shape of each plate,
the 1st and 8th being the
smallest. Around the shell
plates there 1s a thick,
fleshy, muscular girdle, the
mantle edge, beset
with numcrous calcareous
spicules.
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Turn the animal over to
examine it from the ventral
side and note :

— The head is small,
flattened, lies anteriorly and
bears no eyes or tentacles
but has the mouth opening
as a transverse aperture,

— The foot is large,
broad, distinctly flattened
and separated from the
head in front by a narrow
furrow. Besides affecting
creeping movements, the
foot acts as a sucker
enabling the ammal to cling
to rough rocky surfaces. On
the ventral side, the mantle
edge is devoid of spicules
and projects as a thick girdle
all around the circumference
of the animal.

— The mantle cavity
is in the form of a narrow
mantle groove extending

all around the head and foot,
being enclosed between
these organs and the mantle
edge. One row of numerous
short ctenidia projects
in the mantle goove
on each side of the foot.
The anus opens on a short
anal papilla projecting
medially in the mantle
cavity behind the foot. In

front of it there is an
excretory pore and a
genital opening on each
side,
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“— Make labelled drawings
of Acanthochiton as seemn from
Loth the dorsal and ventral
aspects.

b) T.S. of the Body.

Examine a T.S. of
Acanthochiton and note :

—- Shell or place of it,
in the dorsal side.

— Mantle edges, with
numerous spicules.

— Mantle groove,
appearing as two concavities
one on each side and
enclosing ctemidia.

— Foot, is bulky and
appears on the ventral side.

— The viscera, com-
prising parts of the gut,
digestive gland, blood ves-
sels, gonad ...etc.

—~— Make a labelled drawing.

c¢) The Radula.

Examine a preparation of
the radula of Acanthochiton.
Note that it is formed of a
long horny membrane on
which a large number of
recurved teeth are arranged
In  successive transverse
rOwWs.

—- Draw.
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II. Class GASTROPODA*

This 1s the class of snails,
slugs and limpets whose
bodies often exhibit bilateral
asymmetry. They have a
distinct head with eyes,
tentacles and a radula;
foot flattened and large;
visceral hump often coiled in a
spzml and displaying torsion to
various degrees; mantle usual-
ly secretes a shell formed of
a single piece (univalve);
nervous system with cere-
bral, pleural, visceral and
usually pedal ganglia, the
pleuro-visceral connectives
forming a visceral loop;
larva when developed of
the trochosphere type.

Gastropods are mainly
marine, but some live in
[resh water and others have
successfully colonised land.

The Desert Snail
Eremina

Eremina  desertorum 15 a
common inhabitant of the
Egyptian deserts. It is a
terrestrial herbivrous gas-

<« 238

r-:J-EHigb_:ié?lL:—T

(cnide ) BBl s oda
U 4;& ¢ Slayllally UL
- b P lgalst A
u-‘}'J u‘-‘i b "W’J o s
dolalfa r.uj'n ¢ (i ol ylzdey
W Tes™ 4yl asdly ¢ 38
s ¢80 ) fe b
ominlly ¢ gV e 2l Sl
Galad e 0,85 Bubeo 5a e UE
G ¢ (gl Buom) Suoy
Riomy A Mie sl LA
Lo 2l I Gy &yt
DUSS Ol st Oligter Olekas s
B 55 Lutiey ¢ &yt
c 2k Al Sl o OS5 b
28 e bl 4 ol ik
s gl § oums Lm0
S DS B R R

el (O350-1) syl
Le Y

d‘-"gr"ﬁ—“ ¢ py'.).i-’ Lt ol
T s o ;w@m.

YYA



LN
pulmonary opening

LRe
LY il e
cxcretory opening Ll Y

il 3 ; posterior tentacle
mantle collar
4
Labal oY
anterier tentacle
Pl
mouth

L 5 T
opening of pedal gland

\
bl Bl
genical opening

headfoot

!"“
olallh "
colymella
Yol Loyl wharls
lines of
growth
G
PR peristome 3
body whorl umbilicus
: . ol I \ . . i
i Gzl shell aperture duLall o u_.',-'IJ &u”
umbilicus Shell
V.5. of shell

Lot Gl
‘genital opening

¥
. urcter
A S
mantle colfar =1
rectum
. - {jl
mantle aall
" stomach
Sl h _
pulmenary vein asYhsaall
3bumen gland
pericardium aanadl il
digestive gland
heare ', NN TN L
- Jn o gl L Q. T : +
Lol i - Frrm ¥ viscerzl hump
Sofe parts kidney ps i

{Dorsal view 1Sy Jia)
«p5539 bm ol s gl el 3,3l
EREMINA DESERTORUM



tropod which is often found
on desert shrubs feeding on
their stems and leaves. (The
student can easily collect it
on the QCairo-Suez and
Cairo-Alexandria  desert
roads), It shows a great
ability to withstand severe
climatic conditions in the
desert.

The body of the snail is
mainly composed of 3
regions, the head, foot and
visceral hump. The head
and foot are not sharply
distinguished from each other
and form together the head-
foot; the soft mass seen
outside the shell when the
snail is fully expanded. The
visceral hump is coiled in a
spiral and is completely
covered by a similarly coiled
shell, which it never leaves

during life.

The snail is nocturnal,
creeping about during night,
but retreats within the shell
during  day-time and
secretes a thin membranous
epiphragm over the shell
aperture, It is most active
in winter, but during the
whole summer it closes the
shell aperture with a thick
calcareous epiphragm,
retires completely and is
said to aestivate,

It 1s hermaphrodite, the

eggs are laid in small
burrows in sand, develop
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directly and hatch out of
young similar to the adult.

* Drown sorme fresh snails in
a wide beaker full of water.

* Place the beaker in 2 water
bath and heat gradually up to
60° C. The snails are thus killed
in 2 well-expanded condition.
They can then be preserved in
70 % zlcohol or a 5 9, formalin
solution.

* Carefully pull the soft purts
of each snail out of its shell while
twisting it in a reverse direction

- to that of the coil,

a) The Shell.

. Examine the empty shell
of Ereminag and note :

— General colour aad
form, milky-white to light
brownish in colour, globose
and dextral or right-
handed, i.e. its coiling runs
clockwise when seen from
the top, or in other words
when you hold the shell
with its top upwards and
the opening facing you, it
has the opening to the right
hand side (the shell is said
to be sinistral or left-handed
when coiling runs in the
opposite direction).

— The whorls are about
4 in number (each complete
coil being a whorl) and
increase in size towards the
aperture. They are marked
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externally with transverse
striations which represent
the lines of growth, The
last and largest whorl is
termed the body whorl.

~— The spire is short.
It is the totality of the
whorls with the exception
of the body whorl.

— The apex is the top
of the shell and the oldest
part, being the first to be
formed in the embryo.

— The suture is the
spiral line marking the
Junction between successive
whorls,

— The shell aperture,
with its free margin known
as the peristome.

* Make a V.8. of the shell
with the help of bone scissors and
note that it looks from the inside
like a spiral staircase.

— The columella is the
central axis of the shell
formed by the coalescence
of the inner walls of the
whorls. It is hollow and
its opening on the lower side
of the shell, known as the
umbilicus, is closed.

— Make drawings.

b) The Soft Parts.

— The headfoot in-
cludes the head and foot
which are not sharply
distinct from one another,
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— The head occupies
the anterior region and has
the mouth opening on its
front surface. It carries
dorsally two pairs ol hollow
retractile tentacles (tactile
and olfactory), the 1st pair
or anterior tentacles are
short, the 2nd or posterior
tentacles arc longer and
topped each by a black
spot, the eyes. (Il you may
touch any of these tentacles
in a living snail it would
immediately turn outside
in like 2 finger of a glove.)

Note the presence of a
single genital opening on
the right side of the head,
below the base of the right
posterior tentacle. A trans-
verse slit is also noticed
below the mouth, into which
opens the pedal gland (a
large gland found in the
foot which produces a slimy
secretion ).

— The foot 1s a thick
muscular mass occupying
the posterior region of the
headloot. Note that it has
a smooth, flat, ciliated
ventral surface, known as
the sole, on which the
snail creeps (the slime
secretion of the pedal gland
is carried backwards and
spread out on this surface
by the cilia in order to
facilitate locomotion and
help the snail to stick to
inclined surfaces).
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— The visceral hump
is a long, spirally coiled
tapering cone  which
occupies the cavity of the
shell whorls in the living
snail, It is connected with
the headfoot through a
narrow neck region. A
thick musular band, the
columellar muscle, ex-
tends on the lower side of
the hump. In the living
snail, it attaches posteriorly
to the columella of the shell
(serves to pull the headfoot
inside the shell on contract-
ion, or to prevent the
expansion of the snail
beyond a certain limit,
holding the visceral hump
always inside the shell).

— The mantle or pal-
lium is a thin fold of the
skin of the wvisceral hump
which extends forwards over
the back of the anterior
portion of the hump. The
anterior margin of the mantle
is much thickened, forming
a fleshy glandular ring, the
mantle collar (the seat of
secretion of the principal
layers of the shell), which
in the living snail fits
around the shell aperture.
Note that this mantle collar
is fused with the body all
round the neck, thus the
mantle covers over a
spacious cavity known as
the mantle or pallial
cavity. Search for a narrow
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orifice on the right side of
the collar, the pulmonary
opening or pneumostome,
through which atmospheric
atr passes in and out of the
mantle cavity. The roof of
this cavity is also lined with
a rich network of blood
capillaries, thus it actually
acts as a lung cavity (an
adaptation to terrestrial
life].

Note that the anus opens
on the mantle collar close
to the right of the penumo-
stome, and the minute
excretory opening lies to
the left of this pulmonary
aperture.

The mantle fold and the
rest of the integument of
the visceral mass are so
thin that you can, through
their transparency,see many
of the internal organs from
outside, without dissection.
Thus note :

— The heart lies in a
thin walled  pericardial
cavity which hangs on the
posterior left corner of the
the roof of the lung. A
conspicuous  pulmonary
vein extends along this roof
and leads backwards into
the heart.

— The kidmey is an
elongated triangular spongy
mass which also hangs on
the roof of the lung, close
to the right side of the
pericardium.
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-— The rectum and
ureter extend along the
right border of the roof of
the Iung.

The posterior half of the
visceral hump is largely
occupied by the brownish
digestive gland. Note
among the lobules of this
gland some parts of the
alimentary tract (stomach
and parts of the intestine)
and genitalia (albumen
and hermaphrodite -
glands).

— Make drawings of the
soft parts of Eremina as seen

Jrom the dorsal and right
lateral views.

c) Dissection.

* Lay the snail down, with
the visceral hump upwards, and
pin it down to the dissecting dish.

* Opcen the mantle cavity by
cutting through tts roof frst
transversely between the mantle
collar and the neck, then long-
itudinally along the right side of
the rectum. Reflect the mantle
flap to the left and pin it down.

Thus you have exposed
the mantle or lung cavity
(not the perivisceral body
cavity). The floor of the
lung is made by a thin
muscular membrane known
as the diaphragm. The
actual body cavity (the
haemocoel) lies within the
head and foot and further
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cxtends below the diaphra-
gm into the visceral mass.
Thus in order to expose it
you have to cut through
the diaphragm and open
the headfoot.

* Make a longitudinal incision
through the floor of the mantle
cavity and proceed forwards along
the mid-dorsal line till the anterior
end of the head, then turm the
flaps aside and pin them down.

* Remove the thin covering
integument of the visceral hump.

In this way the spacious
haemocoelic' body cavity
and all the internal organs
are exposed :

i) In the Digestive System,

note :

— The stomodaenm,
starts with a pear-shaped
buccal mass with highly
muscular walls, Using a
hand lens, try with great
care to cut this mass open.
Note that the lumen of the
mass is narrow and that a
curved brownish jaw pro-
Jects on the roof at its
anterior end. Also note
that a globular mass, known
as the odontophore,
projects on the floor of the
cavity. This consists mainly
of a cartilaginous supporting
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are actuated by a complex
series of buccal muscles,
rasping small pieces out of
the plants on which the
snail feeds.

The buccal mass is fol-
lowed by a  narrow
oesophagus and this
dilates into a large thin
walled crop. Note that a
pair of branched salivary
glands are attached on
either side of the crop and
open anteriorly, by way of
2 salivary ducts, into the
buccal cavity. The crop
leads into a small, thick
walled, muscular stomach
or gizzard which is embed-
ded within the digestive
gland. The latter gland is
a big bilobed mass which
opens into the stomach by
2 short ducts,

-~— The midgat or
intestine is a long narrow
tube which curves to form
an S-shaped loop, and is
also partly lodged in the
digestive gland.

— The proctodaeum or
rectum extends along the
right border of the mantle
and opens anteriorly, to the
right side of the pneumo-
stome, by the anus,

it) Im the Circalatory
System, note :

— The heart lies within
the pericardial cavity and
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consists of 2 conical cham-
bers, an anterior thin walled
auricle and a larger thick
walled posterior ventricle.
Blood leaves the ventricle
through a single aortic
trunk that bifurcates im-
mediately into an anterior
aorta and a posterior
aorta, which branch off to
supply all parts of the body.
The fine ramifications of
these arterics open into
irregular spaces or lacunae
among the tissues, from
which blood collects in the
large haemocoelic cavi-
ties in the head, foot and
visceral  hump (open
circulatory system). From
this body cavity venous
blood passes into a circums-
pulmonary sinus which
extends all around the
mantle cdge. Afferent
pulmonary branches from
this sinus ramify on the
roof of the lung and pass
into efferent pulmonary
branches which all lead
into the large pulmonary
vein you alrcady noticed on
the roof of the lung. This
opens into the auricle, after
receiving a branch from
the kidney.

iii) Im the Excretory
System, note :

— The kidney is single
and in the form of an
elongated triangular spongy
mass which hangs down
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from the roof of the lung
to the right of the peri-
cardium. The pericardial
cavity and the cavity of the
kidney (both  coelomic
cavities of the same origin)
communicate through a
narrow reno-pericardial
canal.

— The ureter arises at
the anterior end of the
kidney, curves backwards
then extends forwards again
on the mantle, parallel to
the rectum, and opens
externally to the left of the
pneumostome,

iv) In the Reproductive
System, note :

The snail is hermaphro-
dite, sperms and ova are
both developed in the same
acini of the single gonad,
which is thus called the
hermaphrodite gland or
ovotestis. Try carefully to
separate the reproductive
system from the alimentary
tract and note :

— The hermaphrodite
gland is a small yellowish
racemosc gland which lies
partly embedded in the
digestive gland near the
apex ol the visceral coils.
Locate the gland and note
that a single convoluted
hermaphrodite duct
arises from this gland and
leads down till the base of a
large whitish bean-shaped
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glandular mass known as
the albumen gland.
There, the hermaphrodite
duct dilates into a small
seminal receptacle, in
which  fertilization takes
place and the fertilized ova
receive their albumen coat.

From the seminal recep-
tacle, a thick glandular
tube, the spermoviduct,
passes  forwards.  This
comprises internally 2 in-
completely separated chan-
nels, one for the passage of
sperms and another wider
for the ova, Anteriorly
the two channels diverge as
separate male and female
ducts, the vas deferens and
the oviduct respectively.

— The vas deferens
is a long narrow tube which
leads forwards into a fusi-
form muscular penis. This
is protrusible through the
fenital opening and is pro-

“vided with a retractor muscle,

— The oviduct is
shorter and thicker than the
vas deferens. It leads for-
wards into a thick walled
tubular vagina that opens
togcther with the penis In
a common genital atrium,
which opens to the exterior
through  the genital
opening. Note the Tol-
lowing accessory oOrgans
which open into the vagina:
a small globular sperma-
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theca (for storing sperms
received during copulation)
lying far backwards close to
the albumen gland and has
a long duct, a club-shaped
muscular dart sac eclosing
a pointed calcareous rod
known as the dart (forcibly
shot out through the genital
aperture of the pairing
snails, probably of excita-
tory function) and a pair
of tufted tubular mucous
glands.

v) In the Nervous System,
note :

The mnervous system is
concentrated into a circum-
oesophageal nerve
ring on which the nerve
ganglia aré localised and
send off nerves to all parts
of the body. Note :

— One pair of cerebral
(supraoesophageal) ga-
nglia innervate the head
region.

— A suboesophageal
ganglionic mass formed of
2 pedal ganglia (inncrvate
the foot), 2  pleural
and 2 parietal ganglia
(all innervate the mantle),
and a single visceral or
abdominal ganglion (in-
nervates the organs in the
visceral mass).

— One pair of small
buccal ganglia (innervate
a considerable portion of the
alimentary tract) lie on the
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back of the buccal mass and
are connected with the
cercbral ganglia.

— The statocysts or
auditory organs are 2
minute hollow spherical
vesicles lying close to the
pedal ganglia. Each cont-
ains  some crystalline
calcareous concretions, and
has a ciliated epithelial
lining containing sensory
cells.

— Make labelled drawings
of dissected Eremina showing
as much as you can of ils

tnternal organs,

d) Section of the Herm-
aphrodite gland.
Examine a prepared
section of the ovotestis of
Eremina and note

The gland is madeup of a

large number of oval or circu-

lar acini separated by con-
nective tissue. Each acinus
has a thin wall of germinal
epithelium resting on a
basement membrane and
encloses a wide lumen. Some
of the cells in this epithelium
are much enlarged and
developing into ova, while
others, the spermatogonia,
are producing small sperm-
atocytes, spermatids as
well as spermatozoa which

appear  aggregated in
bundles.

— Draw.
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OTHER
GASTROPODS

The Gastropoda is the
largest and most varied
class of the Mollusca, in-
cluding the spirally coiled
aquatic and terrestrialsnails,
the fiat-shelled limpets and
the shell-less nudibranchs
and slugs. In order to
know  the relationship
between these forms, the
student should understand
the two important events
which take place in the
developmental history of
every gastropod : (i) the
spiral coiling of the
visceral hump, and (ii) tor-
sion. The two processes
should not be confused with
each other.

The visceral hump in the
Gastropoda usually tends
to grow enormously as a
result of the enormous
growth of the digestive
gland found inside it. Unless
it is coiled up in.a compact
spiral, it would be so long
that it may fall over and
interfere with the balance
of the animal. - For this
reason, such process of spiral
coiling starts early in the
larva of gastropods, and
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all the time during develop-
ment one side of the hump
tends to grow faster than
the other producing this
spiral.

A little after the spiral
coiling of the hump starts,
the whole visceral hump
rotates quickly or
slowly in an anticlock-
wise direction through an
angle of 180° on the rest of
the body. This is the second
and most Important event
known as torsiom. It is
clear that this torsion results
in twisting the neck region
found between the visceral
hump and the rest of the
body. All the organs pass-
ing through this region
are also twisted. Thus, the
so-called visceral loop,
formed by two long nerve
connectives extending bet-
ween the pleural ganglia(on
the circumoesophageal ring)
and the visceral ganglion
(lying far behind in the visc-
eral mass), becomes twisted
like the figure 8. The head
and foot regions, on the
other hand, remain un-
affected, while in the
visceral hump only the
orientation of the organs
is reversed.  Thus, the
mantle cavity (and with 1t
the ctenidia, anal and renal
openings) which was at
first postcrior comes to lie
anteriorly, opening just be-
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hind the head, and the
auricles come to lie in front
of the ventricle. Also the
originally left ctenidium,
left auricle and left kidney
become now right and vice
versa.

The majority of the
Gastropoda  exhibit full
torsion and these comprise
the orderProsobranchiata.
In some of these animals
torsion has morcover led to
the atrophy or disappear-
ance of some organs on
one side, thus they possess
only one ctenidium, one
auricle and onc¢ functional
kidney.

In another large division
of the Gastropoda, the
order Opisthobranchiata,
the shell and mantle cavity
are reduced or wholly
absent, and with them spiral
coiling and torsion also
disappear in the adult,
These gastropods, however,
do exhibit torsion during
their early development (a
clear evidence of their
prosobranch ancestry) but
afterwards they undergo a
process of detorsion,i.c. they
reverse the changes which
occurred during torsion,
tending to have their bodies
reorganized (attaining a
secondary symmetry). Thus
their ctendium points back-
wards again, the auricle
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lies behind the ventricle
and the visceral loop loses
its  twisted form and
becomes symmetrical.
However, they still have a
single ctenidium, a single
auricle and a single kidney
as they could not regain
what they have lost during
phylogeny.

The 3rd division of the
Gastropoda is the order
Pulmonata.These gastro-
pods have become ter-
terrestrial, replacing the
ctenidium by a lung. Their
shell is retained, the visceral
hump coils in a spiral and
they  exhibit torsion,
retaining a single auricle
and a single kidney.
However, the visceral
ganglion in these snails has
been shifted far forwards so
that all the ganglia become
concentrated in the circum-
oesophageal nerve ring.
The visceral loop is there-
fore so shortened that it is
not affected during torsion.

The Opisthobranchiata
and the Pulmonata are

-.sometimes united together

into the groupEuthyneura
(with symmetrical nervous
system, i.e, untwisted
visceral loop). The student
should note, however, that
this condition of symmetry
is arrived at in two different
ways in the two orders; thus
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it is due to detorsion in the
Opisthobranchiata, but due
to the extreme shortening of
the visceral loop in the
Pulmonata.

A. Order
PROSOBRANCHIATA

Marine, freshwater and
terrestrial gastropods;
nearly always with shell
and operculum; exhibit full
torsion, thus with a visceral
loop twisted into a figure
of 8; mantle cavity opening
anteriorly through a wide
aperture; ctenidia lie in
front of the heart and the
auricles in front of the
ventricle; sexes are separate.
This order includes 2
suborders :

1. Suborder Diotocardia

The most archaic gastro-
pods which still exhibit
traces of bilateral symmetry
in spite of torsion, thus with
2 bipectinate ctenidia (each
with a central axis and two
rows of gill leaflets on both
sides), 2 auricles, 2 kidneys
and gonads discharge
through the right kidney.
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The Limpet
Patella

Patella tarentina is a small
limpet commonly found
adhering to rocks along the
Red Sea coast between
tidemarks. It feeds largely
on minute algae encrusting
the rocks and is said to
have a remarkable homing
sense, returning back to the
same spot after wandering
about in search for food.
It can be detached from
rocks only with great force.

Examine the specimen
provided from the dorsal
side and note :

— The shell is depress-
ed, conical, with a raised
apex found nearer to the
front end. Note that it is
marked externally with
prominent ribsradiating out
from the apex as well as
with concentric lines which
represent the linmes of
growth.

Turn over the animal to
examine it from the ventral
side and note :

— The head is small
and sharply distinct from
the foot. It bears the
mouth opening on its
lower side and carries
dorsally a pair of long
tentacles and 2 eyes
situated at the bases of the
tentacles.
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-— The foot is large,
ovoid, flattened, with a
smooth ventral sole. A
strong  horse-shoe-shaped
shell muscle passes from
the dorsal side of the foot
and inserts on thc inner
surface of the shell. If you
take out the bulk of the soft
parts from the shell and
examine it from the dorsal
side, you would easily see
this shell muscle encircling
the wvisceral mass except
anteriorly. Note also the
horse-shoe-shaped sear of
attachment of this muscle
on the inner surface of the

shell,

— The mantle is a
continuous flap extending
all round the body and
lining the marginal part of
the shell. Note the spacious
mantle cavity found
anteriorly over the head.
The proper ctenidia have
become wvestigital but are
replaced by a large number
of minute Icaf-like out-
growths of the mantle
known as the secondary
gills. Thesc project on the
under surface of the mantle
in a continuous circle all
round the body.

In the anterior mantle
cavity, theanus and thc 2
excretory pores open. A
pair of small specialized
SENsSoTry organs, the
osphradia, also project in
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this cavity (serve to test
tle quality of the respira-
tory water current passing
over the gills).

— Make drawings.

2, Suborder Monotocardia

A more specialized group
with obvious bilateral asym-
metry; with one .mono-
pectinate gill, one auricle
and one kidney (namely the
left ones, primitively right
before torsion) and the
gonads open by separate
ducts into the mantle cavity.

Murex

Murex angulifer is a more
active marine gasiropod
common in the Red Sea
and sold for food in Suez.
It is carnivorous, feeding
on living and dead animals
in the sca. Egps are laid
in great numbers inside
capsules and develop into
a trochosphere and then
into a free veliger larva.

* Place fresh specimens of
Murex in a small volume of sea
water, add few crystals of menthel
or magnesium sulphate to the
water and leave for several hours
till they are completely narcotised
and well expanded.

* Preserve these specimens in
70 % alcohol or a 5 9, lormalin
solution,
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a) External Features.
Examine the shell and

soft parts of Murex,and note :

—- The shell, is spirally
coiled, dextral, with a long
spire and bears on the
external surface numerous
prominent ribs and raised
knobs. The peristome is
produced into a long spout-
like shell siphon.

-— The head is prolonged
anteriorly into a long pro-
boscis which can be retrac-
ted within a proboscis
sheath. The true mouth
opening is found at the

posterior end of the proboscis.

— The foot is large,
tough and has a flat sole
on which the animal creeps.
Note that it carrics on its
back a flattened horny disc,
the operculum, which
serves to closc the shell
aperturc.

~— The mantle forms
a cloack round the antero-
dorsal part of the visceral
hump and encloses a
spacious and widely open
mantle cavity. The [ree
edge of the mantle, or
mantle collar, is just visible
at the shell aperture in
extended specimens. In
the mantle cavity, note the
presence of a single large
ctenidium on the left side
(primitively right) with a
single row of ctenidial
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leaflets. The mantle edge
is produced into a siphon-
like prolongation, the pal-
lial siphon, which lies in
the shell siphon and through
which a respiratory water
current is drawn into the
mantle cavity by the action
of the cilia on the ctenidium,
A small osphradium lies
near the base of the cteni-
dium to test the quality of
this water current,

Note, in contrast with
Eremina, that the anus and
kidney discharge into the
mantle cavity, their pro-
ducts being swept away
with the outgoing respira-
tory current. The gonads
open in the mantle cavity
and the male has a project-
ing muscular penis.

— The visceral hump
is spirally coiled and covered
by a thin transparent
integument. The columell-
ar muscle extends from
the foot along the inner
side of the hump.

— Draw.

b) Veliger Larva.

Examine a preparation
of the veliger larva of Murex
or Patella and note :

- The velum is a
characteristic ~ prominent
circular ridge bearing long
cilia {organ of locomotion,
devcloped (rom the preoral
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ciliated ring of the preceding
trochosphere stage).

— Rudiment of vis-
ceral hump is found
behind the velum.

— Rudiment of foot
projects on the ventral side
between the mouth and
anus.

— Make a drawing.

— Compare the advanc-
ed asymmetric organiza-
tion of Murex with the more
primitive symmetric one in
Patella.

Some  monotocards
inhabit freshwater bodies,
irrigation canals and drains
in our country such as :
Vivipara unicolor, which has
a dextral smooth shell with
a moderately high spire;
Melanoides tuberculata, with
a dextral, wvery eIOnrate
turreted shell, and the
amphibious snail Lanistes
carinatus,which has a globose
sinistral shell, and retained
the ctenidium but at the
same time developed a
pallial lung, thus able to
perform both aquatic and
acrial respiration. Pirenella
conica, has an elongate,
turreted dextral shell and
inhabits brackish water
lakes in the North of the
Delta. It acts as one of the
intermediate hosts of the
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parasitic intestinal fluke
which infests man, Hetero-
phyes heterophyes.  All these

are operculate snails.

B. Order
OPISTHOBRANCHIATA

Marine gastropods; the
shell is reduced, internal or
absent and without operc-
ulum; exhibit detorsion to
various degrees, thus the
visceral loop is not twisted;
the mantle cavity when
present is widely open and
tends to become posterior
again; the single ctenidium
lies behind the heart and
tcnds to disappear and be
replaced by accessory gills;
hermaphrodite.

This order
suborders :

1. Suborder
Tectibranchiata

Opisthobranchs  which
show only partial detorsion
(as they still exhibit go® of
torston, thus the ctenidium
and anus point laterally);
often with a rcduced shell;
always with a mantle cavity
and a ctenidium.

includes 2

The Sea Hare
Aplysia
Aplysia argus mmhabits the

shallow water zoncs in the
Red Sea, crawling on
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various kinds of seaweeds,
on which it feeds, It has
a soft slimy body and is
capable of remarkable
colour changes according 1o
the colour ofits surround-
ings.

Examine the provided
specimen and note :

-—— The head is large,
found at the anterior end of
the body and bears the
mouth opening and 2
pairs of auriculate contract-
ile tentacles. The anterior
tentacles (tactile) are short
broad and grooved on their
outer sides. The posterior
tentacles (olfactory) are
longer and also grooved on
their outer sides but the
edges coalesce proximally
(thus resemble the hare’s
cars). Note the 2 eyes
situated close in front of the
bases of the posterior
tentacles, © A small penis
projects close to the base of
the right anterior tentacle.
From the base of the penis,
an open shallow spermatic
groove runs backwards
along the right side of the
neck to the commeon
genital opeming in the
mantle cavity.

3

— The foot is large,
elongated, highly muscular,
broad in front and pointed
behind. The sole is smooth
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and flattened. Note that
2 upwardly directed fleshy
flaps, the parapodia, arise
as outgrowths from the
postero-dorsal sides of the
foot (act as swimming lobes
or fins, but fold over and
cover the visceral hump at
rest).

* Hold the parapodia apart
with the fingers and note :

—The mantle is reflect-
ed all over the shell,
covering it almost complete-
ly and leaving only a
small circular aperture in
the centre known as the
shell aperture. The
mantle and the enclosed
shell form a projecting shelf
which is fixed on the left
side. Note the presence of
a crescent-shaped space
below this shelf. This is the
mantle cavity, which thus
has a wide opening on the
right side of the animal.

Inside the mantle cavity,
note the presence of a single
plume-like ctenidium
attached posteriorly and a
small yellowish osphra-
dium in front of the point
of its attachment. Search
for the common genital
opening on the right
anterior part of the floor
of the mantle cavity (where
the spermatic groove ends
posteriorly). The excretory
pore is a narrow slit on the
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underside of the mantle
behind the point of

attachment of the ctenidium.

Towards the right
posterior corner, the mantle
curves upwards to form a
siphon-itke  prolongation,
the anal funnel, on the
wall of which the anus
opens.

* Take out the shell, by cutt-
ing away the mande Hap around
it, and note :

~— The shell is a thin,
transparent, horny, flat-
tened disc (spiral coiling
only occurs in the larva,
but is lost later on}. It has
a posterior pointed apex
and is marked with curved
lines of growth.

— Make  drawings of
Aplysia as seen from the dorsal
and right lateral aspects.

2. Suborder
Nudibranchiata

Typical opisthobranchs
which have undergone
complete detorsion, thus
exhibiting a secondary
bilateral symmetry again;
without shell, mantle cavity
nor proper ctenidium (re-
placed by accessory gills).

Hexabranchus

Hexabranchus sanguineus is
a large naked beautiful
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scarlet red carnivorous
nudibranch which is com-
mon in the Red Sea,
moving actively in water by
the undulations of its body.

Examine the specimen
provided, compare it with
Aplysia and note : The
animal exhibits full
detorsion, thus it appears
bilaterally symmctrical, but
this is actually a superficial
symmetry (some of the
internal organs on one side
have been lost during de-
velopment). Note that i¢ Aas
no shell at all, the mantle
covers the whole of the
dorsal surface and there is
no mantle cavity. The anus is
moved to the posterior
extremity, in the middle,
and the median excretory
pore lics in front of it. The
single genital opening lies
anteriorly on the right side.
The proper ctenidium has
disappeared but is replaced
by 6 branched retractile

accessory gills arising in
a circle around the anus.

—- Make drawings.

— Compare between the
structure of Hexabranchus
and Aplysia and review the
characters of the order and
suborders to which they
belong.
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— Compare between the
respiratory organs and the
mode of breathing in
Eremina, Murex, Aplysia and
Hexabranchus.

C. Order PULMONATA

Terrestrial and freshwater

gastropods breathing air
through a lung cavity
(modified mantle cavity

with a small opening) ; often
with a shell but no oper-
culum; exhibit torsion but
the visceral loop is not
twisted {due to its extreme
shortening); with a single
auricie and a single kidney;
ctenidium absent.

This order includes 2
suborders :

1. Suborder
Basommatophora

Mostly freshwater pul-
monates which respire
atmospheric air in spite of
living in the water; with one
pair of tentacles and the
eyes lie at their bases.

Several representatives of
the Basommatophora in-
habit freshwater ponds,
canals and draius in our
country, some of which are
of great medical and
veterinary importance, such
as :

Limnaea caillaudi  (the
intcrmediate host of the
liver fluke, Fasciola gigantica)
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with a small, dextral,

globose non-operculate shell.

Bulinus  trumcatus  (the

intermediate host of

Schistosoma haematobium) with
a globose sinistral shell.

Biomphalaria  alexandrina
(the intermediate host of
Schistosoma mansoni) with a
flat discoidal shell. (See p.
249).

The morphological and
anatomical description
given for Eremina desertorum
applies generally well to all
these pulmonates, except
only for some minor details
such as having a larger
pneumostome and scparate
male and female openings
for their hermaphrodite
reproductive system... etc.

These snails have second-
arily returned to water
from land and they still
retain a lung cavity adapted
for aerial respiration (an
illustration of irreversibility
in evolution). Thus, in spite
ofliving in water, they come
to the water surface at
frequent intervals to renew
the air in their lungs. Eggs
are laid in water in gela-
tinous egg masses and
develop directly. The veliger
larva is not free but
contained in the egg
membrane.
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2. Suborder
Stylommatophora

Terrestrial  pulmonates
with 2 pairs ol retractile
tentacles and the cyes arc
carried on the tops of the
posterior pair.

You have  already
thoroughly studied a good
example of the Stylo-
mmatophora, viz. Eremina
desertorum. There are,
however,some Stylommato-
phora known as slugs
with reduced cap-like shells
which cannot possibly cover
the visceral hump, others
have internal horny flat-
tened shell and still some
others have no shells at all.
But in all other respects,
their organization  1s
generally similar to that of
Eremina.

— What is torsion ? In
what ways are the different
gastropods you know
clfected by this process ?
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III. Class PELECYPODA
( LAMELLIBRANCHIATA )

This class comprises the
mussels, oysters and the
like. They are characterized
by having the body bi-
laterally symmetrical, and
completely enclosed in two
symmetrical mantle lobes
(right and left) which
secrete a calcarcous shell of
two valves (hence called
bivalves), the two valves
are hinged dorsally and
joined by a ligament, while
they can be closed ventrally
by the contraction of one
or two pairs of adductor
muscles; the head i1s much
reduced, with labial palps
around the mouth, but
without eves, tentacles, buc-
cal mass nor radula; the
foot is wedgec - shaped;
ctenidia (gills), usually two
in number, are highly
developed and lie in the
mantle cavity; internal
bilateral symmetry  is
well marked through the
presence of paired auricles,
kidneys, digestive glands
and reproductive organs,
scxes usually separate and
there is a trochosphere
larva, and a veliger larva in
the marine forms.
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The pelecypods are
widely distributed both in
the sea and fresh water.
The majority are sedentary
(some are anchored to
substratum) and ciliary
feeders.

The Freshwater Mussel
or Clam

Anodonta

Two species of mussels
are common Nile bivalves,
namely, Anodonta rubens and
Unio praesidens. Either of
them would serve our

laboratory studies quite well.

The former species has been
chosen here on account of
its largc size (up to 15 cm.
in length against 6 cm.
only for Unis). However,
the description given here
for Anodonia applies well to
Unio, the two species being
closely similar to each other,
and differ only but in minor
details.

Anodonta rubens lives on
the bottom of the river,
where it lies with its front
end buried in the mud and
moves but very slowly by
means of the [oot. Develop-
ment passes through a larval
stage known as glochidium
which attaches itself to
passing-by fishes for dis-
persal.

Examine a well-expanded
preserved  specimen  of
Anodonic and note :
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— The shell, is formed
of 2 Jateral equal valves,
hinged together along the
dorsal edge, but gape
ventrally and the foot

protrudes out between them.

~— The soft parts, are
all enveloped by the shell
valves, but the mantle
projects at one end (post-
erior) in the form of 2
short tubes, the inhalant
and exhalant siphons.

a) The Shell,

* Remove one of the shell
valves, by raising it gently up-
wards, separating carefully the
anterior and posterior adductor
muscles which insert on its inner
surface, then pulling it strongly
backwards until the hinge breaks.

Examine the empty shell
valve and note :

— Form anmnd colour,
large, with a reddish brown
rough outer surface and a
whitish, smooth, lustrous
inner surface,

— The umbo is a small
swollen knob which is found
antero-dorsally and repre-
sents the apex or oldest
part from which growth of
the valve has proceeded.
Note the concentric lines
of growth on the outer
surface, extending around
the umbo, parallel with the
[ree edge of the valve.
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~ The hinge ligament
is a tough, dark brown
elastic cord found at the
dorsal edge, by which the
two valves are united and
hinged with one another.
tIn some forms the hinge
contains also tecth, but here
there are none and hence
the name Anodonta, meaning
without teeth.)

Insertions of mus-
cles appear as roughened
arcas on the smooth inner
surface. Note the in-
sertions of : the anterior
and posterior adductors
(two large, one anterior
and another posterior, and
the muscles serve to close
the shell}, the anterior and
posterior retractors (two
small dorsal insertions, the
muscles serve to withdraw
the  foot) and the
protractor (a largc
antero-ventral insertionand
the muscle serves to extend
the footi. Note also the
presence of a long streak
cxtending  between  the
insertions of the two adduct-
ors, paralicl with the free
edge of the valve. This
marks the insertion of
muscle {ibres which arise on
the mantle c¢dge, connect
it to the shell,and is thus
known as the mantle or
pallial line.
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— Make drawings of one of
the shell valves as seen from
both sides.

b) V.S. of Shell.

Examine a V.S. of the
shell through the L.P, and
note :

— The periostracum
is the outer very thin, horny
layer, formed of horny
conchiolin  (organic sub-
stance allied to chitin).

~— The prismatic Iayer
is the middle layer, formed
largely of prisms of carbon-
ate of lime. (This and the
preceding layer are secreted
by the thickened glandular
mantle edge).

— The nacreous layer
or mother of pearls
(secreted by the whole
external surface of the
mantle) is the inner layer
formed largely of carbonate
of lime secreted in hori-
zontal strata, parallel with
the shell surface,

~— Make a labelled drawing.

c) The Soft Parts.

With one valve removed,
examine the general dis-
position of the soft parts of
the animal and note :

~- The body is elongated
and much compressed
laterally, Its anterior end
is that nearer to the umbo
of the shell.
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— The mantle formsa
thin covering for almost
the whole body and consists
of 2 symmetrical mantle
lobes, one on each side,
corresponding with  the
valves of the snell.
Posteriorly, the 2 mantle
lIobes unite together at two
points, leaving 2 distinct
openings between these
points. The mantle edges
project slightly around these
openings to form 2 very
short tubes or siphons : a
dorsal exhalant siphon
(small and smooth-walled)
and a ventral inhalant
siphon (wider and has
papillated edges which test
the water coming in}). The
respiratory and food-carry-
ing water current passes
in and out of these siphons.

—~ The muscles.Identify
the following  muscles
showing on the mantle
surface, the insertions of
whith you have already
seen on the inner side of
the shell, The largest are
the anterior and posterior
adductors which actuate
the shell valves. They are
2 thick cylindrical muscles
extending  transversely,
through the body, between
the 2 shell valves. The
anterior and posterior
retractors are much smal-
ler and appear dorsal 1o
the former muscles, passing
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from the foot to the shell.
The protractor muscle is
large and seen on the
mantle below and a little
behind - the anterior
adductor. It spreads fan-
wise over the visceral hump
(serves to compress it, thus
forcing the foot outside the
shell).

* Reflect the frec ventral edge
of the mantle lobe upwards in
order to expose the mantle cavity,
and note :

— The mantle cavity
is the large space enclosed
between the 2 mantle lobes.

— The visceral hump
is the compressed mid-
dorsal portion of the body.

— The foot is a large
axe-shaped mass protruding
forwards and ventrally (it
drags the animal along very
slowly by its successive
contractions and expansions
in the bottom mud).

— The head is not
distinct and there are no
tentacles or eyes.

— The labial palps are
2 large pairs of flattened
lobes (one external and
the otherinternal) found just

below the protractor muscles.

The 2 external palps of both
sides are anteriorly con-
tinuous with each other, in
front of the mouth, forming
an upper lip, and the 2
internal palps are similarly
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continuous with each other,
behind the mouth, forming
a lower lip. Thus, the
mouth is a transverse slit
lying amidst 2 trough
formed by these palps. The
palps carry cilia which
normally drive food particles
towards the mouth.

— The gills or ctenidia
are 2 in number, very large
and hang in the mantle
cavity, one on each side,
Note that each gill is formed
of 2 double plate-like
folds {an outer and an
inner) hanging down beside
each other from a long
gill-axis, which is fused to
the dorsal wall of the mantle
cavity. The external sur-
faces of the gill-plates show
numerous parallel ridges
which represent the gill-
filaments.

The gills have a complex
structure and mode of
attachment to the body
(correlated  with  their
complicated respiratory and
food collecting functions)
which are better understood
by making sections of the
body and gills.

v Make labelled drawings
of the soft parts.
d) Transverse Hand -
Sections of the Body.
Examine a transverse
hand-section of Anoedonia
taken out of its shell {or
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better a prepared T.S. of
Unio) and note :

— The mantle lobes
are free ventrally, and fused
dorsally to each other.

— The foot protrudes
in the middle. In the
haemocoelic cavity inside
it, parts of the internal
viscera, especially the intes-
tine, arc seen.

— The mantle cavity
is a spacious cavity found
on either side of the foot,
bounded laterally by the
mantle Iobes,

— The ctenidia lie in
the mantle cavity, one on
either side. Note that each
ctenidium has a dorsal hol-
low gill-axis, on both sides
of which hang 2 plates, the
outer and imner gill-
plates. Each plate is formed
of a large number of long
gill-filaments connected
with each other and bent
back like the figure V.
Thus,each gill-plate actual-
ly comprises 2 gill-lamel-
lae, one descending from
the gill-axis and the other
ascending or reflected up-
wards,

—~— The heart lies mid-
dorsally in the visceral

hump, within the pericardjal

cavity (coelomic cavity).
If the section passes through
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the ventricle, the rectum
would be seen piercing the
ventricle.

— The kidneys, 2 in
number, lie one on each
side below the pericardium,
A thin walled bladder or
ureter runs close to each
kidney.

— Make a drawing.

¢} Attachment of Gills.

* Take the whole soft parts of
Anodonta out of the shell,

*With the help ofa sharp razor
make 4 transverse hand-sections
through the body, in the region
of the gills, as mentioned below.
Lay the cut sections down in the
dissecting dish, cover them with
water and examine them so as
to study the precise way by
which the gills are auached to
the body along their entire length.

— In the 1st section
(passing through the main
bulk of the foot and the
anteriormost parts of the
gills) note, on cach side,
that the gill is W-shaped,
composed of 2 V-shaped
halves or gill-plates, an
outer and an inncr. The
gill-axis (lound on the
median apex of the W) is
fused to the dorsal wall of
the mantle cavity, the
reflected outer lamella of
the outer gill-plate is at-
tached to the mantle, while
the reflected inner lamella
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of the inner gill-plate is
attached to the viscero-
pedal mass.

~— In the 2nd section
(passing  through  the
posteriormost region of the
foot), note that the inner
lamella of the inner gill-
plate becomes free from the
viscero-pedal mass,

— In the g3rd section
(passing a little behind the
[oot), note that the 2 inner
lamellae of the inner plates
of both gills fuse together.

~— In the 4th section
(passing near the posterior
end ol the body}, note that
the axes of both gills be-
come free, thus the two
gills form a sort of trans-
verse partition separating
the mantle cavity below
from a suprabranchial or
cloacal cavity above. The
inhalant siphon leads into
the former, while the latter

cavity leads outwards
through the exhalant
siphon.

- Make a drawing.
f) T.S. of Gill-plate.

Examine a prepared T.S.
of a gill-plate of Unio or
Anodonta and mnote

— The gill - plate
comprises 2 lamellae formed

of a large number of close-
set reflected gill-filaments.
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— The interlamellar
tissue junctions are
bridge-like vascular junc-
tions which connect the 2
lamellae together and divide
the space between them
into distinct compartments
known as the interlamel-
Iar spaces or water tubes.

— The interfilamentar
tissue junctions  are
horizontal bars of tissue
connecting the gill-filaments
to one another. Several
minute apertures or ostia
are left between some
filaments.

— The gill-filaments
are supported each with a
chitinous rod and covered
by a ciliated epithellium.
(The cilia produce a respira-
tory current of water which
enters the mantle cavity
through the inhalant siphon
passes through the ostia to
the interlamellar spaces,
thence to the suprabranchial
cavity and finally to the
outside by way of the
exhalant siphon. The cilia
moreover  furnish an
efficient food - collecting
apparatus, straining food
particles off this current and
passing them forwards in
mucous strings towards the
labial palps).

— Draw.

g) T.S. of Labial Palps.
Examine aT.S. of the labial
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palps of Unio or Anodonta.
vote that, onthe opposite
surfaces of each 2palps,there
are numerous ridges and
ciliated furrows (thecilia
of which drive the food
particles, coming within
their reach from the gills,
towards the mouth opening).

—~- Draw.

h) Glochidium Larva.

In a T.S. of Unio or
Anodonia, search for the
glochidia larvae in the
interlamellar spaces, for the
larvae are incubated there.
Examine the glochidia you
may find in the section or
any preparation of a
glochidium larva through
the microscope and note its
general shape, with 2 shell
valves bearing numerous
hooks at their free edges
(absent in the adult); a
byssal gland which lies in
place of the foot and secretes
a sticky thread, the larval
byssus (not homologous
with the byssus threads of
other adult lamellibranchs).

— Draw.

A. Order FILIBRANCHIATA

These are lamellibranchs
with  greatly enlarged
ctenidia, the filaments of
which are reflected and
loosely united with one
another by ciliary junctions;
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foot small; byssal glands
well developed.

Many examples are
known from our sea waters
such as varfous species of
Mpytilus and Lithophaga.

The sea-mussel, Mytilus,
is commonly found in the
Red Sea attached to rocks
between tidemarks. The

foot is provided with a
byssus gland which opens
through a minute posterior
orifice. =~ The secretion of

this gland hardens gradually
on contact with sea water
forming a bunch of horny
threads, the byssas, which
protrudes out from between
the shell valves and serves
to anchor the mussel to
rocks. The animal, however,
can move slowly by
secreting new byssal threads
and breaking the old ones.

Lithophaga is another
example with an elongate,
almost cylindrical body
adapted for burrowing in
corals.  Various species
inhabit the Red Sea,
drilling dumb-bells-shaped
holes in the coral
skeletons by scratching them
with the shell valves, the
process being probably
aided by an acid secretion
of some special pallial
glands. They attach to the
walls of the burrows by 2
bundles of flattened byssal
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threads ending in adhesive
discs. The shell valves are
brown in colour and have
smooth outer surfaces, olten
encrusted  with coarse
calcareous deposits.

Having studied Anodonta
in detail, you can examine
the organization of the shell
and soft parts In Mpytilus
and Lithophaga. Note that
the anterior adductor
muscle is reduccd or absent
and the retractors ol the
foot are little developed;
anterior and posterior
byssal retractors are
developed instead. The
gills have the same external
form and are reflected, W-
shaped as in  Anedonia.
Microscopic examination,
however, shows that the
gill-filaments are joined
with one another in a
different way, viz. through
ciliary junctions.

Piece of Gill-plate
* Cut a small piece of a gill-
plate of  Lithophaga  and

examine it under the L.P. of
the microscope :

Note that cilia arise at
intervals on small discs on
both sides of each gill-
filament.  The cilia on
adjacent filaments interlock
forming interfilamentar
ciliary junctioms, con-
necting the filaments in the
gill-lamella.
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In a T.S. of a wgill-plate
of Lithaphaga, you can
easily notice these interfila-
mentar ciliary junctions. In
acdition, interlamellar
junctions are also noticed
between the filaments of
the 2 lamellae in the gill-
plate.

— Make labelled drawings.

B. Order
EULAMELLIBRANCHIATA

These are, as the name
implies, true lamellibranchs
in which the ctenidia are
highly developed(serve both
respiratory and food-col-
lecting functions) and their
filaments are reflected and
intimately connected by
vascular or tissue junctions;
foot is well developed.

You have already studied
Anodonta rubens and Unio
praesidens as examples of this

group {pp. 278 —290 ).

Other examples such as
Cardium edule, the cockle,
Circe corrugata,and Donax tru-
neulus are eulamellibranchs,
common and well known in

the MediterraneanSea. They

are easily obtainable from
the market, and can be well
used for laboratory studies.

In Cardium edule, note that
the 2 shell-valves are con-
nected together and hinged
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dorsally through an elastic
ligament as well as a
number of interlocking
teeth which arise on the
hinge line of both valves.
Each wvalve is marked
externally with raised ribs
radiating out from the
umbo, and the inner con-
cavity of the valve is cont-
inued dorsally beyond the
hinge line into the umbo.

Donax trunculus has a
smaller whitish shell which
has nearly the same outline
as that of Anodonta. However,
note that its umbo points
backwards instead of for-
wards. Also note, on the
free ventral edge of each
valve, the presence of a row
of close-set minute teeth.
These are formed by the
fringed edge of the mantle.
The labial palps are
exceptionally large in this
lamellibranch.
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IV. Class
CEPHALOPODA

These are well developed
molluscs,mostly fast moving,
carnivorous and some of
them are monsters. They
are bilaterally symmetrical,
with a well developed head
bearing 2 large eyes and a
radula, and surrounded by
the front part of the foot
which is drawn out into a
number of arms and ten-
tacles bearing powerful
suckers; posterior part of
foot forms a muscular
funnel; visceral hump is
either straight or coiled;

shell is either well developed,

reduced or absent: one or
2 pairs of gills; nerve ganglia
are highly concentrated to
form a brain; separate sexes
and direct development.

The class includes o
orders :

A. Order DIBRANCHIATA

A large group of the more
successful cephalopods, with
one pair of ctenidia; 8-10
tentacles; highly developed

eyes; shell internal or absent

1. Suborder Decapoda

Includes the cuttlefish
and squids, with 10 tent-
acles and an internal shel].
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The Cuttlefish’
Sepia

The cuttlefish, Sepia
savignyi, is a common animal
in our seas and its shell (the
cuttle-bone) is a common
object to be found along
the sea shores. It is either
seen singly or in small
groups, swimming close to
the surface and has a great
_ power of changing its colour
with preat rapidity. It
swims forwards but can
retreat with its rear, and
when attacked it jerks
quickly backwards and
emits a cloud of ink behind
enabling it to escape from
view. Some coastal peoples
are fond of its flesh.

a) External Features,

Examine the specimen
provided and note*:

— The body i3 mainly
divided into a distinct head

*The orientation of the animai,
based on morphological basis, is
such as the mouth is ventral, the
apex of the trunk is dorsal and
the mantle cavity and siphon are
posterior. In the present descrip-
tion, however, it is based for the
sake of simplicityon the position
the animal assumes while swim-
ming,thus the mouth is considered
anterior, the apex of the wunk
posterior and the mantle cavity
and siphon ventral.

< 297

S
P |

Sl ¢ 4 ol e L
Ol ) aideay ¢ Gyle 8 cl..u
G B LW e (o
R L g2 . Lablys Qb e domys
¢ 8 pie ulﬁﬁdﬁfaﬂ dalh
dy elll phaw oo L g 29
s G s Jo W6 bl
Sty oWV ] o gm g2y . 55
3556 Caldol ) jaedn O ch..:
JuJ: Y f)-L‘- Lley ¢ st
Y &y G Y] oy

o g% o e wm ) o
Jrledl O aay Juasﬁt
el e
. Ao ool —

* Ondy el 3llaadl 2l am!

JLLLJf.s,.,a_,‘ ) —

el Je S ¢ Ot law 5 0 @
S0l LE_L.. A Sy R PN
il ol Gy L b gkl WS
Pl Coaggll § oyl a0 | il
iy Gl c;_,J!J;J,.,.;B_;S:_,! EHEEN
Ao s ey ¢ ol Dy
il iy il 31 iy Gl s
- by el
YAV




and a conical visceral
hump, separated from one
anothet by a short neck,

— The head carries 2
large eyes, similar to those
of vertebrates. It bears
anteriorly the  mouth

opening surrounded by a
prominent circular lip, and
2 large horny jaws project
from it.

Eight pointed arms,each
provided with 4 rows of
suckers on its inner surface,
and 2 much longer
tentacles, carrying suckers
only at their expanded tips,
arise at the anterior end of
the head, around the mouth
opeming (the tentackes are
used in catching the prey
and the arms for holding it
while it is being devoured).
The arms and tentacles
probably represent the
highly modified anterior
part of the foot, and hence
the name Cephalopoda.

Examine more closely one
of the suckers and note that
it is stalked, cup-like, with
a horny dm (to keep it
permanently open) and
powerful muscles (thus on
contraction, as for example
when attached to the body
of the prey,a partial vacuum
is produced and the animal
can” take a tight grip on
its prey).
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The posterior part of the
the foot is modified to form
the Jarge muscular fannel
which you see on the ventral
side of the head{through wh-
ich wateris forced out of the
mantle cavity, causing the
animal to jerk quickly back-
wards). Note that it has a
narrow anterior opening
and a broad open base
projecting backwards into
the mantle cavity.

— The trumnk or
visceral hump (com-
parable to that of other
molluses) | is  conical,
dorsoventrally  depressed
and bluntly pointed. Its
two lateral sides are
extended into 2 thin lateral
fins (by means of which
the animal swims forwards).
The visceral hump is
covered all over by the
mantle, which terminates
anteriorly in a free ridge
surrounding the neck. Note
that the dorsal side of the
hump is hard due to the
presence of an internal
shell on this side, just
beneath the integument, On
the ventral side of the hump,
the mantle forms a thick
muscular wall which covers
over a large mantle cavity,
with a wide anterior
mantle opemng,.

— Make a labelled drawing.
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b} Dissection

* Make a longitudinal cut
through the ventral mantle wall,
a little lateral to the median line,
Also open the [unnel by a median
longitudinal cut. Reflect the
mantle flaps to the sides and pin
them down to the dissecting dish.

Thus you have exposed
the mantle cavity. Note
that several organs bulge
into this cavity and can be
examined without dissection
through the transparency of
the thin membrane covering
them. Examine these organs
and note :

— The mantle cart-
ilages are a pair of
cartilaginous knobs project-
ing on the inner surface of
the mantle wall near the
mantle opening. These fit
inside corresponding car-
tilaginous depressions, the
fonnel cartilages, found
on the ventral wall of the
funnel ( to ensure a tight
closure of the mantle
opening, thus forcing the
water from the mantle
cavity to go out through
the funnel opening).

— The rectum extends
along the middle line and
ends far anteriorly by the
anus, carrted at the end
of a long anal papilla.

— The renal papillae
are 2 small, pointed papillae,
each carrying an excretory
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opening, found on either
side behind the anal papilla.

— The ink sac is a
large, ovoid, thin walled sac
projecting posteriorly in the
mantle cavity and leading
forwards by a long duct
into the rectum, a short
distance behind the anus.

— The genital opening,
in both sexes, is found on
the left side, close to the
base of the left ctenidium.
In the female, note also the
presence of 2 large mida-
mental glands in front of
the ink sac (secrete a viscid
material by which the eggs
adhere together).

— Make a labelled drawing.
c) The Shell,

* Make a longitudinal incision
through the skin of the back of
Sepia ta.expose its shell, then take
it out by displacing it forwadrds.

Examine the shell of Sepia
and note that it is flattened,
bilaterally symmetrical and
very hght. It has a rounded
anterior end and a nar-
rower posterior end which
projects like a tooth, and
is laterally hordered by thin
wing-like ridges. It consists
mainly of numerous close-
set, thin calcareous lamellae
with interspaces left bet-
ween them.

— Draw.
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d) The Eggs.

Examine the eggs of Sefia
and note that they are large,
with plenty of yolk and
each is enclosed in a
separate  capsule. The
stalks of the egg capsules
are connected together
forming a bunch of the
famous sea-grapes.

— Draw.

2. Suborder Octopoda

Have 8 tentacles and no
shell.

Octopus

Octopuses are well known
cephalopods which live in
dark crevices and among
corals in the sea as well as
at great depths; some of
which are huge monsters
and very dangerous.

Examine the provided
specimen of Oclopus, com-
pare it with Sepia and note :

-— The head is large
and bears the mouth and
2 large eyes.

— The arms are only
8 in number, very much
elongated but all equally
developed. They are con-
nected together towards
their bases by a distinct
web. Each arm bears 2
rows of fleshy sessile
suckers on its inner side.

—- The visceral hump
is soft due to the absence of
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a supporting internal shell,
rounded posteriorly and has
no fins (instead of the fins,
swimming is effected by the
pulsations of the web bet-
weer the arms).

— Make a drawing.

B. Order
TETRABRANCHIATA

More primitive cephalo-
pods, with 2 pairs of ctenidia
and 2 pairs of kidneys;
simple eyes; large multi-
locular external shell.

There are only few living
representatives of this group
such as Nautilus.

Shell of Nautilus.

Examine a section of the
shell of Nautilus and note
that it is very large, closely
coiled up in a plain spiral
and divided internally by
numerous concave septa
into a series of chambers
(the animal occupies only
the last and largest chamber
called the body chamber,
while the rest are filled with
gas to eusure buoyancy).
Note that the septa are
pierced by a slender tuhe
called the siphuncle.

— Drguw.
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CHAPTER IV

PHYLUM
ECHINODERMATA
This phylum includes

very peculiar forms, quite
different from the preceding
ones. Thus, they are
unsegmented animals,
radially symmetrical in the
adult (usually five-rayed),
but bilaterally symmetrical
in the larval stage. They
possess a dermal skeleton
which consists of calcareous
ossicles that may develop
into short or long spines.
They are coclomate animals,
having an extensive coelom
divided into several special-
ized divisions, more or less
separate from one another
and carrying out different
functions in the life of the
animal, Thus, there is a
perivisceral  coelom, a
perihaemal cavity and a
cavity of a peculiar water
vascular system. This last
retains a comnection with
the exterior by a pore or
pores (the madreporite)
and pushes out of the surface
of the body as characteristic
tuhe feet whicli mainly serve
locomotion but may also
assist in sensation, respira-
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tion and food collecting.
The haemocoel is reduced.
The nervous system is
diffuse and  remains
attached to the epidermis;
neither nephridia nor any
other special excretory
organs; sexes separate and
gonads discharge by special
ducts directly to the exterior;
larvae usually pelagic
bipinnaria, pluteus,
auricularia, or crinoid.

The echinoderms are very
common as fossil forms
(since the cambrian period)
and are entirely marine.
None of them are parasitic
and they range from the
littoral zone to great depths
of the oceans.

This phylum is of great
interest on account of its
affinity to the phylum
Chordata. Thus, two
superphyla are recognized :
the Annelid superphylum
including Annelida, Arthro-
poda, Mollusca and some
others, and the Echino-
derm superphylam
including Echinodermata
and Chordata alone.

The phylum Echino-
dermata is classified into 2
subphyla : Eleutherozoa
and Pelmatozoa. The
former are free living forms,
without a stalk, and include
4 living classes : Asteroidea
(starfishes), Ophiuroidea
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(brittle stars), Echinoidea
(sea urchins) and Holo-

thuroidea (sea cucumbers).

The Pelmatozoa are sessile
forms, usually stalked and
represented among  the
living echinoderms by the
class Crinoidea.
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I. Class ASTEROIDEA

Eleutherozoids, star-
shaped or pentagonal. The
mouth opens on the lower
side {oral sarface) and the
anus, if present, on the
upper side (aboral sur-
face). The arms are not
sharply marked off from the
central disc and contain
caeca from the alimentary
canal; each arm has an
open ambulacral groove
which contains rows of tube
feet ending in suckers;
pedicellariae  present;
madreporite present on
aboral surface.

Starfishes are usually
carnivorous and their larval

stage is termed hipinnaria.

The Starfish

Astropecten

Astropecten  relitaris is a
large starfish commonly
found in our seas from below
tidemarks to great depths.
It creeps about very slowly
on the sea bottom, but on
rest it lies partly buried in
sand with the central part
ofits body raised into a cone
above the sand.
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a) Extermal Features.

Examine a well-expanded
specimen and note :

-- The body is star-
shaped consisting of a
central disc, prolonged
radially into 5 felxible
triangular arms  with
tapering tips. The body is
markedly flattened, with
two distinct surfaces, a lower
oral sarface and an upper
aboral surface.

— On the oral surface,
note the mouth opening
in the centre, surrounded
by a soft membranous area,
the peristome. Five
broadly open ambulacral
grooves extend out from
the mouth and pass each
along the entire length of
one of the arms. Note that
a series of long conical
structures known as the
tube feet project in 2 rows
along each ambulacral
groove {organs of Iloco-
motion which are capable of
great extension and contrac-
tion during lifc). The
terminal tube foot or
tentacle, which stands at
the tip of each arm, has a
pigmented spot, the eye,
at its base (light sensitive).

The skin 15 soft and some-
what transparent pcrmitting
the internal skeleton to be
detected from outside: Note
that this consists of a large
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number of caleareous rods
and plates which are
embedded in the dermal
layer* and leave interspaces
of soft tissue in between,
through which the tube
feet penetrate. On these
plates, arise blunt conical
spines of different sizes, on
which the  epidermal
covering is usually torn
away so that they project
freely on the surface. Of
these structures  the most
conspicuous are the rows of
ossicles which border the
ambulacral grooves, carry-
ing blunt flattened spines,
and the ossicles on the outer
margins of the arms carry-
ing larger spines.

Note that very small
modified spines, known as
pedicellariae, project
around the spines (serve to
clean the body surface and

* The student should note that
this skeleton is fundamentally
different from the types of skeleton
already met with in the Arthro-
poda and Mollusca. For, while
in these phyla there is an external
skeleton laid down as an outer
secretion of the skin, the skeleton
in the Echinodermata is internal,
of mesodermal origin; the plates
and spines are laid down within
the dermal layer, and hence
called the ossicles {little banes),
hut it should be known that they
structurally differ from bone.
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ambulacral grooves from

detritus and foreign objects).

Each has 2 distal ossicles
working opposite each other
like pincer blades,and a grd
basal ossicle as a stalk.

— On the aboral
sarface, note, near the
periphery of the disc and
opposite to the angle
between two arms, the
presence of a small circular
grooved plate, the
madreporite, perforated
by numerous minute pores
(lead into the water vascular
system). There is no anus
in Astropecten, but it is found
in other starfishes opening
slightly eccentrically on the
disc.

With the help of a hand-
lens, examine the armature
on the aboral surface and
note that it consists of short
blunt spines projecting in
bundles known as the
paxillae. The spines in
each paxilla are arranged
in a circlearound a basal
vertical stalk, Very small,
soft, finger-like dermal
branchiae arise hetween
the paxillae, especially on
the disc, as hollow out-
growths from the skin (their
cavities are continuations of
the coelom and through
their thin walls gaseous
exchanges take place and
coelomic amoebocytes
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loaded with
material escape).

— Make drawings of the
oral and aboral surfaces.

b} Dissection.

* Make two longitudinal incis-
ions along the lateral edges of 2 or
more of the arms from the base
to the tip.

* Detach very carefully the
skin from the aboral surface of
these arms and the central disc,
while cutting through the mesen-
teries by which the alimentary
canal and its diverticula are
suspended to it.  Keep the
madreperite in place and note :

excretory

— The perivisceral
coelomic cavity is
spacious, incompletely

divided in the disc by 5
interradial vertical septa
and each division extends
in the opposite arm (it is
lined with peritoneum and
filled by coelomic fluid
which is actually sea water
with little albumen matter
and wandering amoebo-
cytes).

— In the digestive
system, note that the
mouth leads into a short
oesophagus followed by a
large stomach that fills a
considerable portion of the
disc. Distinguish the larger
cardiac portion of the
stomach (below), bulging
slightly in the cavities of
the arms, and the smaller
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flattened pentagonal pylo=-
ric portion (above). Each
angle of the pyloric chamber
is prolonged into a pyloric
duct which bifurcates into
2 long sacculated pyloric
caeca extending along one
of the arms (secrete digest-
ive enzymes).

* Cut through the cesophagus,
as near to the mouth as possible,
then remove the entire digestive
system and note :

— Im the water
vascular system, note the
5-sided water vascular
ring surrounding the mouth
and connected with the
exterior through a vertical
stone canal, leading from
the madreporite(the canal
is strengthened by a series
of calcareous rings which
keep it open, and is lined
by powerful cilia which
bring sea water into the
water  vascular  system,
keeping it always turgid).
Five pear-shaped sacs, the
Polian vesicles, lie inter-
radially in the disc and open
by narrow necks into the
water vascular ring (act
as reservoirs). Note also
the presence of 5 pairs
of  small glandular
structures attached inter-
radially on the inner side
of the ring. These are
Tiedemann’s bodies
(produce the amoebocytes
of the water vascular fluid).
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From the water vascular
ring 5 radial water
vessels extend outwards
along the middle of the
5 arms. Each gives off a
double series of lateral
branches to the ampullae
of the tube feet.

* Make a cross-section of one
of the arms and examine the
structure ol the tube feet with a
hand-lens. Note that :

— The tube foot
consists of an internal
swollen ampulla and an
external tube which ends
in a sucker (suckers are
not  well developed~ in
Astropecten  as  in-"other
starfishes). !

— Besides the peri-
visceral coelomic cavity and
the water vascular system,
there are other extensions
of the coelom in the body,
such as the perihaemal
system. This as well
as the haemal system
are not easily detected in
dissection, for they require
special treatment to trace
them out.

— In the reproductive
system, recognize the 5
pairs of gomads (either
testes or ovaries). They
are much lobulated and lie
in the perivisceral coelom,
each pair in the proximal
region of one of the arms.
They lead to the exterior by
ten simple ciliated
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gonoducts opening by 10
minute genital openings
on the aboral surface, two
on both sides of the base of
each arm (note the simpli-
city of structure of this
system as compared with
that in the other phyla ,
no copulatory organs, ac-

cessory genital glands or
ceelomoducts are present).

— In the mnervous
system, the most conspic-
uous part is the circameoral
nerve ring. Five radial
nerve cords arise from this
ring, extend along the mid-
dle of the arms and end in
the terminal eyes.

~— Make drawings.

c) Bipinnaria Larva.

All recent echinoderms
pass during their early
development through a
pelagic larva known as the
dipleurula larva. This
has an oval, bilaterally
symmetrical body, with a
flattened ventral side on
which the mouth opens
anteriorly and the anus
posteriorly. The cilia with
which the larva is at first
uniformly covered become
restricted to a thick long-
itudinal ciliated band
surrounding  the  body.
During later development,
this band becomes drawn
out into several processes or
arms, the arrangement of
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which differs so as to
characterise a special type
of larva in each class of the
Echinodermata.

Thus, examine the
bipinnaria larva of Astro-
pecten and note :

The region in front of
the mouth, the preoral
Iobe, is eclongated and
surrounded by a preoal
ciliated band which is
separated from the original
Iongitadinal band. The
rest of the latter band
surrounds the much larger
postoral lobe. Note also
that both preoral and
postoral bands are drawn
out into a number of soft
bilateral ciliated arms.

— Moake 6 drawing.

— What are the distinct-
ive features of the
Asteroidea ?

— Write an account of
the anatomy of the starfish.
Compare its digestive,
respiratory,  reproductive
and nervous systems with
those of Eremina and
Penacus.
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II. Class
OPHIUROIDEA

Eleutherozoids, star-
shaped with slender arms
sharply marked off from
the central disc. The arms
do not contain caeca of the
alimentary canal. The
ambulacral grooves are
closed and covered by
ossicles; tube feet without
suckers; no pedicellariae;
madreporite on the oral
surface; no anus.

Brittle stars, though slow
moving, are the fastest
moving echinoderms. They
do not move by tube feet
but by the wriggling
movement of their arms,
They engulf bottom mud
and sand to digest the food
they contain, Their larva is
termed ophiopluteus.

The Brittle Star
Ophiocoma

Ophiocoma scolopendrina is
commonly found in shallow
waters along the Red Sea
shores.

a) External Features.

Examine a well
expanded, preserved speci-
men of Opfiocoma and note :
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— The body consists of
a small rounded central
disc and 5 long, slender,
tapering arms which insert
on the under surface of the
disc. Distinguish thc oral
and aboral surfaces.

— On the oral surface
of the dise, note the
central pentagonal mouth
opening, and the madre-
porite which is not easily
distinguished and lies in one
of the interradial areas.
Notice also the presence of
10 elongated slits, 2 on
either side of the base of
an arm; which lead into
ciliated pouches, known as
the genital bursae, in
which the gonads open.

— Om the aboral
surface of the dise, note
that the skin is leathery and
there is no anus,

-— The arms, on the
outer surface of each of
which there appear 4
longitudinal rows  of
skeletal plates, an upper,
2 lateral and a lower one,
but no ambulacrel grooves.

The cpidermis covering
these plates is vestigial.
Three rows of pointed

spines are borne on the
lateral plates (enable the
arm to get a grip on the
substratum), and a row of
short tube feet project on
cach side hetween the lower
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and lateral plates (devoid
of suckers, thus are not

locomotory but only sensory
and respiratory).

by T.S. of Arm.,

* Make a cross-section of one
of the arms of Ophiscoma and

examine under a  binocular
microscope.
Note the 4 outer skeletal

plates, the spines carried
on the lateral plates and
the tube feet projecting
from the lower side. Note
also that the arm is not
hollow as that of the
starfish. The greater part
of the space inside it is
occupied by a large
disc-like ossicle called the
vertebra (a secries of such
vertebrae or ‘‘vertebral
ossicles’” forms the central
axis of the arm and
articulate with one another
by knobs and sockets on
their surfaces, as in a
vertebral column). Four
intervertebral muscles
insert on the surface of the
vertebra and connect it
with the vertebra next in
front or behind. Note the
presence of a motch on the
upper side of the vertebra
in which a narrow tubular
extension of the peri-
visceral coelom passes in
the arm. Another notch is
formed on the lower side
" of the wvertebra for the
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passage of the radial water
vessel and radial merve
cord.

— Make a labelled drawing.

¢) Ophiopluteus Larva.

Examine the ophio-
pluteus larva, compare it

with the bipinnaria and note:

The preoral Ilobe is
smaller, while the postoral
lobe is much larger. The
longitudinal ciliated
band is undivided and is
drawn out into very long,
slender ciliated arms sup-
ported internally by
temporary calcareous rods.

— Drow.
— What are the main
points of difference between

the anatomy of a starfish
and that of a brittle star ?
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III. Class
ECHINOIDEA

Eleutherozoids, with a
compact continuous skelet-
on;without arms;ambulacral
grooves covered by ossicles;
tube feet ending in suckers;
anus and madreporite
aboral; pedicellariae well
developed; numerous long
movable spines; mouth
surrounded by a com-
plicated jaw apparatus —
Aristotle’s lantern.

Sea urchins either capture
prey by their tube feet or
engulf mud and sand to
digest the food they contain,
Their larva is termed an
echinopluteus.

The Echinoidea are
typically spherical in form
with obvious radial sym-
metry  (regular sea
urchins). Some echinoids,
however, exhibit a series of
striking differences, their
bodies are depressed to
various degrees, the mouth
and anus shift from their
ordinary positions to lie
more or less on either end
of a long axis in the body.
Such forms, therefore, show
a marked bilateral sym-
metry and are known as
irregular sea wurchins
(e.g. cake- and heart-
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urchins). Thus the class is
divided into 3 orders :

A. Order ENDOCYCLICA

Include  the regular
urchins; with a central
mouth; the anus lies at the
aboral pole, surrounded by
the apical system.

The Regular Sea Urchin
Tripneugies

Tripneustes gratilla occurs
abundantly in the Red Sea,
clinging to sheltered spots
and crevices in the rocks
below the limits of tide-
marks. It moves slowly by
means of its tube feet and
spines and feeds on algae,
crganic detritus and smalil
sedentary animals.

a) External Features.

Examine a specimen of
Tripneustes preserved whole
in a well expanded con-
dition and note :

— The body is large,
globular, without projecting
arms, and shows two distinct
poles; the more compressed
lower one is the oral pole,
while the opposite upper one
is the aboral or anal pole.

Note that the body
surface is densely covered
by long and short spines
as well as by  small
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pedicellariae. Among the
spines, numerous tube feet,
each ending with a disc-
like sucker, project on 5
areas extending meridional-
ly between the two poles.
Three rows of tube feet
project on cither side of
each of these areas which
are called the radial or
ambulacral areas (each
comparable to a radius or
ambulacral groove in thc
starfish). Thus, 5 ambula-
cral areas, scparated by

interambulacral or
interradial areas are
distinguished on the body.

~— At the oral pole,
note the presence of the
mouth opening, with a
circular lip surrounding it
and 5 strong pointed teeth
projecting from it. Around
the mouth, there is a broad
leathery area, the peri-
stome, through which 5
pairs of short sensory buccal
tube feet project in a
circle {one pair in each
radius, for testing food).
Note also that 5 pairs of
branched branchiae arise
on the outer edge of the
pcristome {one pair in each
interradius) as delicate
branched outgrowths,

— At the aboral pole,
note the presence of a small
circular membranous area
in the middle, known as
the periproct, -thrpugh
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which the
eccentrically.

— Make labelled drawings.

anus opens

b) Denuded Corona or
Shell.

The skeleton of Tripneustes
consists of a large number
of plate-like ossicles fused
firmly together so as to
form a continuous rigid box,
kncwn as the coroma, or
shell, which is embedded
in the skin below the outer
ciliated epidermis.

* Kill a fresh specimen of
Tripneusies by Immersing it in
fresh water for some time, leave
it in air to dry, then scape off all
its spines, pedicellariae, tube feet,
epidermal covering and note :

-~ The corona consists
of numerous ossicles fitting
closely together cdge to
edgc.
rounded knob-like tubercles

. bosses of various sizes on
which the spines and
pedicellariae articulate with
their concave bases (and
moved by muscles).

Ten meridional areas are
~ easily distinguished on the
corona, each formed of 2
rows of plates which inter-
lock and have a zigzag
suture in between. The
plates in 5 of these are
perforated towards their
outer edges each by g3
double rows of minute pores
for the passage of the tube

<— 329

These ossicles bearor

AN S A Tl
f.)’-‘ﬂ 8 pmin Y\g,alr._ﬂ
l.rL:-'L
cgpll (W Sy ZWI— o
. Sl dall
o S s 5 Jﬂ
dmniaall uUa.JI ot S e
3t an 3 Ilf-.d.u f;-L“ JQ’I
2 Tals “oaze ‘L,J..p 0,5
Tgaken 0,50 ¢ @il o sl
AR PIRWIL E_,.‘..JU.L.\ Al g
e oVl oo Bl e J51 e
Foo il G ol M g sy oy
o Bl o LA g LS
bolliy 25390 Ll Lghivley LST1,20
o f e
ke gp Sy ¢ W -
Jady . BUL Bl Zthaze 53udaze
ul;Ap-}T by n..JL..L'u]'I odn
Jrtiazic p g Gl Sl
el LSt .JL,,.NI ol
(UML Qe o}u.nl'l

e Dol phe Gk Jr--u
o Y JS 0SS ¢ g e
i{_’p.."_u Cf"“"‘dl o L-JE“""’
T 520 el Gy Sy
oo & glaaly ()
olad &gt bl ol
o s L G-
el e G Uhie
Jeliiryd s oY, L i
vv4

oyl




feet (each 2 pores cor-
respond to one tube foot,
since it is connected to its
ampulla in this animal by
a double canal). These are
therefore the ambulacral
areas. In the other j5
interambulacral areas,
the plates are not perforated

~— At the oral pole,
note that the corona has a
wide opening which was
covered by the peristomial
membrane.

— At the aboral pole,
note that the periproct is
composed of a flexible mem-
brane with minute ossicles
embedded in it, and the
anus opens eccentrically
through it. The periproct
is surrounded by 5 poly-
gonal plates lying opposite
to the 5 interambulacral
areas and each is perforated
by a conspicuous pore for
the passage of a gonoduct,
thus they are known as
the genital plates. One of
these plates, however, is
larger than the rest and
bears the madreporite
with numerous tiny pores.
Outer to these plates and
alternating with them is
another ring of 5 smaller
plates lying opposite to the
ambulacral areas and

known as the ocular plates.

Each of these plates 1s
perforated by a minute
opening for the protrusion
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of a pigmented terminal
tube foot (sensitive to light).
All thé 10 plates around
the periproct form the
apical system.

— Make a labelled drawing
of a denuded corona.

c) Dissection.

* Open the corona of a pre-
served specimen, by making a
horizontal cut in it all around the
equator, gently pull the two
halves apart, lay them down in
the dissecting dish beside each
other and note :

— The  perivisceral
coelom is very spacious.
— In the digestive
system, note that the

mouth Icads into 2 narrow
oesophagus, the Ilower
part of which is surrounded
by a Jarge 5-sided masticat-
ory apparatus known as
the jaw apparatus or
Aristotle’s lantern. This
is formed of a complex
serics of skeletal pieces,
moved by muscles and serve
to support and actuate the
teeth.

Note that the oesophagus
is followed by a long,
flattcned, undulating tube,
the stomach. This passes
horizontally in an anticlock-
wisc direction, In a complete
circle round the body cavity,
thcn loops back on itsell
and lcads into the intestine.
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The intestine makes a
similar  complete  turn
around the body, but in
the opposite direction, and
finally ascends vertically as
a narrow rectum to the
anus. Notice that the
stomach is accompanied all
along its inner edge by a
narrow cylindrical tube
with a ciliated lining known
as the siphon, which opens
at both ends of the stomach
(its function is suggested
by some authors to act asa
bypass for the excess water
taken in with the food).

* Remove away the stomach
and intestine, after cutting
through the mesenteries holding
them to the body wall and note :

— In the water
vascular system, note the
water vascular ring
situated on the top of the
Aristotle’s lantern, around
the oesophagus. Five
Tiedemann’s bodies and
5 small Polian vesicles
open interradially into it.
Also note the stone canal
leading to it from the
madreporite (but it lacks
calcareous rings).

Five radial water
vessels pass from the ring
downwards between the
jaws of the Aristotle’s
lantern, then extend up-
wards below the ambulacral
areas of the corona. On
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either side of each vessel,
note the numerous ampullae
of the tube feet which are
connected to it by lateral
branches.

— In the reproductive
system, notc the 5 large
gonads (either testes or
ovaries) situated below the
interambulacral areas, Each
leads bya short gomoduct
to the exterior through one
of the genital plates around
the periproct.

— In the nervous
system, note the circum-
cesophageal nerve
ring found immediately
below the water vascular
ring. Five radial nerve
cords issue from this ring
and pass below the radial
water vessels along the
ambulacral areas.

— Make labelled drawings.
d) Pedicellariae.

* Detach some of the pedicel-
lariae off the skin of a preserved
specimen of Tripreustzs, mount
them in water on a slide and
examine under the microscope,

Note that these differ
from the pedicellariae of
the starfish in having g
distal jaws, instead of 2,
and a basal slender stalk.
Distinguish the following
types of pedicellariae in
your specimen :

— Tridactyle pedicel-
lariae, are large, scattered
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all over the body surface
and have each 3 Iong
pointed jaws (weapons of
defence  against  small
encmies and larvac of
parasitic animals).

—- Gemmiform pedi-
cellariae are particularly
abundant on the upper
side, have pglobular heads
and a poison gland in each
of its 3 jaws (weapouns of
defence  against  larger
enemies}.

— Trifoliate pedicel-
lariae are very small,
scattered all over the whole
surface and have flattened
blunt jaws (break up débris
settling on the body surface).

— Ophiocephalous
pedicellarize are small,
and have rounded heads
looking like a snake’s head,
with broad toothed jaws.
These are~the most nume-
rous all over the body, and
arc the only type to he
found on the peristome.

— Make drawings.

¢) Echinopluteus Larva.

Examine a preparation of
the echinopluteus larva and
note that it is very similar
in form to the ophiopluteus
larva. It has similarly a
.. very small preoral lobe, a
continuous longitudinal
ciliated band and long
slender ciliated arms
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supported Dby calcareous
rods.However, the arrange-
ment of these arms
differs from those of the
ophioplutcus.

.- Draw.

Heterocentroius mamillatus,
is another specics of regular
sea urchins commonly found
outside the coral reef arcas
in the Red Sca. Itissimilar
to Tripneustes but bears
numerous very large and
thick spines, which are
triangular in cross-section,
and other small spines in
between, with expanded
ends.

B. Order CLYPEASTROIDA

These are extremely flat-
tened irregular urchins
commonly known as the
cake-urchins; with a central
mouth, but the anus is
shilted outside the aboral
pole and the apical system.

The Cake-Urchin
Clypeaster

Clypeaster  audoutnt  and
Laganum  depressum  are
commonly found in the Red
Sca crecping on the bottoin
or partly buried in sand.
They shovel sand by means
of their tube feet and feed
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on the minute organisms
and organic matter it

contains.
Examine the provided
preserved  specimen  of

Clypeaster or Laganum as well
as preparations of their
denuded shells and note :

— The body is very
much flattened and not
rounded in outline but
exlubits an obvious bilateral
symmetry.

~— The oral surface is
flat and covered by a dense
velvety coat of extremely
short and delicate spines
(serve locomotion and bur-
rowing) as well as pedicel-
lariae. The mouth lies in
the centre and from it
5 ambulacral grooves,
fringed with rows of
locomotory tube feet,
radiate outwards. The anus
Lies on this same oral surface,
close to the outer edge, on
one of the interradial areas
(posterior).

-— The aboral surface
is slightly convex and also
covered by the minute
delicate spines. The aboral
ends of the 5 ambulacral
arcas are bordered each by
2 rows of flattened
respiratory tube feet,
which are arranged in such
a way that they appear
hke the petals of a flower
(these tube feet act as
respiratory branchiae, as
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they are useless for
locomotion due to the flat-
tening of the body).

— In the denuded
corona, the petaloid
ambulacral areas are
more clearly distinguished.
Examine  the apical
system in the middle
between them, note the 5
genital plates (interradial)
one of which bears the
madreporite, and the 5
ocular plates (radial).
Note that the ambulacral
and interambulacral areas
are so intimately fused to-
gether that they cannot
be distinguished as in
Tripneustes.

—— Make drawings.

C. Order
SPATANGOIDA

These are ovoid irregular
urchins commonly known as
heart-urchins; the anus and
often also the mouth are
eccentric.

The Heart-Urchin
Lovenia

Lovenia elongata, and Bris-
sopsis leuronica are among
the heart-urchins which live
buried at a depth of few
inches in the sandy bottom
in the Red Sea.

Examine the provided
preserved specimens of
heart-urchins and note :

<« 338

Sl iy sl icse
- (! oekalid Tl
S ghiie Al Wl —
Mhpamit . by sy 5T L%k
Vel G a1
c(ieliin ) Al asliall
pMaly ¢ Slaall alis foos
Ol ons o (delad ) ekl Lol
i B Oy S

Yl ¢ Blg am § e

i I L 5o e

LYt e

Sl LNt 4 (=)
(L)
PUEAPRHE AT PRI
BL caly Dl Lda ddan
g Lal @ o g ¢
PR FURR Y
Ledyll!
a3 2 03 8lsl] Lidyd
Bl Gu o Ol 0 K 5
Pl G 5 gekae o (S L
GF Jo N o 4
| - Slap pdy
o &l laall bl asddt
D Oy o AByastt A JE st
YA



— The body is heart-
shaped and bilaterally sym-
metrical.

~— On the oral surface,
notc that the meouth is
displaced forwards, with no
teeth (Aristotle’s lantern
absent). Five ambulacral
areas radiate out from it,
with short buccal tube feet
projecting in them only in
the neighbourhood of the
mouth. The broader inter-
ambulacral areas are cover-
ed by long, backwardly
directed, flattened spines
(adapted for burrowing).
The anus lies in a notch at
the posterior end, surround-
ed by the periproct.

—- On the aboral sur-
face, note that large, broad,
respiratory  tube feet
project on the 2 lateral and
2 posterior ambulacral areas,
while the anterior ambula-
cral area is concave and
bears a large number of
prehensile tube feet
(capable of great elongation,
thus reach the opening of
the burrow to collect the
surface layer of sand and
pass it by way of the buccal
tube feet to the mouth to
feed on the contained
organic material). Examine
the apical system found
at the aboral end of the
anterior ambulacral area.

— Make labelled drawings.
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IV. Class
HOLOTHUROIDEA

Eleutherozoids, with an
clongate body, cucumber-
or worm-like in appearance;
without arms; usually without
an external madreporite in
the adult; mouth and anus
lie at opposite ends of the
body; muscular body wall;
no spines and only minute
isolated ossicles embedded
in the skin; ambulacral
grooves covered; some of
the tubc fcet modified into
tentacles around the
mouth, and some or all of
the tube feet end in suckers;
no pedicellariac.

The sea cucumbers are
slow moving echinoderms
and feed by their modificd
tube feet, by which they
take in mud and sand to
digest the food they contain.
Their larva is termed an
auricularia,

The Sea Cucumber
Holothuria

Holothuria curiosa, among
various other species of sea
cucumbers, is frequently
scen near our sea coasts. [t
has a black colour, measures
about onec foot in length
when fully extended and
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moves very slowly on the

sea bottom by the muscular
contarctions of its body
wall and the help of its
tube feet.

a) External Features.

Examine the provided
specimen (should be well
relaxed before preservation
otherwise the tube feet will
be retracted and the tent-
acles withdrawn inside the
body) and note :

— The body is much
clongated, cylindrical and

soft, with the mouth and
anus (or cloacal opening)

at opposite ends of the body.

Retractile tube feet are
densely scattered all over
the body surface (locomo-
tory, and appear as small
conical  papillae  when
retracted), thus the ambula-
cral and interambulacral
areas are not recognizable
externally. In the body wall
are embedded microscopic
calcareous ossicles (not large
plates, and no spincs project
out ofit).

— At the oral end, note
the large mouth opening,
surrounded by a circular
lip and a thin peristome.
Around the edge of the
peristome, there arises a
circle of buccal tentacles,
each of which has a
central stem and a terminal
bunch of short branches
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(serve tactile and food-
collecting  purposes, and
arc considered as enlarged
and greatly modified tube
feet, comparable with the
buccal tube feet in some
echinoids).
—- Make a drawing.

b) Dissection.

* Make a longitudinal cut
through the body wall from the
cloacal opening to the mouth,
reflect the two MHaps aside, pin
them down to the dissecting dish
and note :

~— The perivisceral

coelomic cavity is
spacious and filled with
coclomic {luid.

— The body wall is
thick and on its inner side
5 lomgitudinal muscle
bands arec conspicuous,
cach extending below one
of thc ambulacral areas.

~—- In the digestive
system, notc that the
mouth leads into a wide
oesophagns  which is
surrounded by a ring of 10
ossicles (probably rcpre-
sent a vestigial apparatus
similar to Aristotle’s lantern
of the sca urchin). The
oesophagus leads into a
muscular stemach which
is followed by a very long
and narrow intestine, This
is bent on itsclf like an
S extending  backwards to
the posterior end, passing
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forwards again, then finally
turning backwards to open
into a dilated cloaca. The
latter is connected by muscle
bands to the body wall and
opens to the exterior at the
posterior end of the body.

Note that a pair of much
branched respiratory
trees open posteriorly into
the cloaca and extend for-
wards on either side of the
body cavity till near the
anterior end. Each has a
tubular stem and gives off
numerous side branches
ending blindly in minute
thin walled swollen ampul-
Iae (a considerable portion
of the sea water, pumped in
and out of these trees by
the action of the cloacal
muscles, passes through the
thin walls of the ampullae
into the coelomic fluid,
carrying oxygen with it).

The posteriormost bran-
ches of the respiratory trees
form long coiled tubes, the
Cuvierian organs (shot
out of the cloaca upon
attack and their mucous
secretion forms a mass of
sticky threads in which the
enemy is entangled).

— In the water
vascular system, note the
water vascular ring
embracing the oesophagus.
A large Polian vesicle
and 5 stome canals open
into this ring. However,
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the stone canals do not
reach the surface but end
in internal madreporites
in the coelomic cavity.Note
the 5 radial water vessels
which arise from the water
vascular ring, They pass
forwards and give off
branches to the ampullae of
the buccal tentacles. They
then turn backwards and
extend along the inner
surfaces of the 5 radial
Iongxtudmal muscle bands,
giving off side branches to
the ampullae of the tube
feet.

— In the reproductive
system, note the single
gonad (either testis or
ovary) suspended on the
mesentery holding the
intestine to the body wall.
It leads forwards by a
single gonmoduct to the
genital opening situated
just behind the buccal
tentacles.

— In the nervous
system, note the circum-
oral nerve ring, found
close below the peristome,
from which 5 radial nerve
cords extend along the
inner sides of the ambulacral
areas, but there are no eyes.

— Make labelled drawings.
c) Skin of Synapta.

Synapia is a burrowing
sea cucumber with a nar-
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rower body. It has no tube
feet but minute sense
organs scattered all over
the body surface instead.
Its skin, also, contains
microscopic ossicles of a
very characteristic form.

* Cut a small piece of the skin
of Synapta or Holothurig, treat it
with a 5% solution of caustic
potash and make a permanent
mounted preparation. Examine
under the L.P. of the microscope
and note :

—The ossieles in theskin
of Synapta, are in the form of
plates and anchors. The
plates are perforated and
lie embedded in the skin
parallel with the surface,
while the anchors are
branched and rest against
the plates, thus project to-
wards the surface, aiding in
locomotion.

In case of Holothuria the
ossicles are in the form of
ovoid perforated plates.

— Draw.

d) Auricularia Larva.

Examine a preparation of
an auricularia larva and
note that it is nearly similar
in form to the bipinnaria.
Note its enlarged preoral
lohe,surrounded by a pre-
oral ciliated band, which
is not separated from the rest
ol'the original longitudinal
ciliated band (postoral
band). The arms arising
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from these bands, however,
are less marked than in the
bipinnaria.

Make @ drawing.

— What are the
diagnostic features of the
Holothuroidea ?

— Write an account of
the intcrnal anatomy of
Holothuria,
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V. Class CRINOIDEA

Pelmatozoids, viz, sessile
echinoderms,attached by the
aboral surface through a
long stalk (sca lilies),or a
tuft of rooting processes {sea
feathers) ;oral surface direct-
ed away from stalk, lies
uppermost and contains
mouth and anus; tube feet
without suckers; ambulacral
grooves open; usually with
each of the five arms
branching at the base; no
madreporite; no spines; no
pedicellariae.

Sea lilies and sea feathers
were once very abundant,
but nowadays restricted to
only a few genera. They
feed on the organic matter
which is caught by their
tube feet and passed to the
mouth along ciliated ambu-
lacral grooves. Their larva
is termed a crioid larva.

The Sea Feather

Heteromelra

Heteromeira savignyt is com-
mon in shallow water zones
along the seca coast. It is
sedentary, found usually
attached to the sea bottom
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and extending its arms
widely apart to collect
minute organisms from the
water. It can, however,
release its hold and swim
by the muscular movement
of the arms to another place.

a) External Features.

Examine the provided
specimen and note :

— The body is composed
of a small central shallow
cup-like disc or calyx,
surrounded by 5 arms cach
of which bifurcates twice,
thus are formed 20 long
slender arms, each [ringed
with a double series of short
branches, known as pin-
nules, giving it a feathery
appearance. In connection
with the fixed habit, the
mouth has been shifted to
the upper side.

— The oral surface of
the calyx (uppcr surface)
is covered by soft skin, the
tegmen, and the mouth
lies in its centre. From the
mouth, 5 ambulacral or
1ood grooves radiate out
towards the edge of the
calyx, where each bifurcates
into two, and these continue
along the 20 arms as well
as the pinnules on them.
Note that the anus opens
on the top of a prominent
anal papilla in one of the
intcrradial areas, also on
this oral surface.
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— The aboral surface
of the calyx is covered in
part by a circular calcareous
plate, the centrodorsal
ossiclee. To this are
attached a number of
jointed whip-like append-
ages called the cirri (by
which the animal clings to
the ground). Note that each
cirrus is formed of cylindri-
cal ossicles jointed together
by muscles,and the terminal
joint is in the form of a claw.

— The arms each has
a long series of short
cylindrical joints connected
together by elastic and
muscle fibres. The pinnules
are also composed of jointed
skeletal pieces, the terminal
joints of which bear hooks.
The ambulacral or food
grooves, extending on the
upper side of the arms and
pinnules, are covered by a
ciliated epithelium and
fringed by a large number
of ciliated tube feet
(capture food, which is then
swept by the cilia on the
grooves to the mouth),

— Make a labelled drawing.

b) Crinoid Larva.
Examine a preparation of
a crinoid larva. Note that
it differs from all other
echinoderm larvae in having
no longitudinal ciliated
band but a series of
transverse ciliated rings
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and a terminal tuft of
sensory hairs at the apex
of the preoral Ilobe.

— Draw.

— Write an account of
the principal features of the
¢class Crinoidea.
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