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

-%— 314

(Yl datadnh Lol

Pt ;,\_:..h.llo._.lﬁf,vi caes
PN | A
. c_f‘dl— -

o5 Ik e b ol JFY e
Wy o 2T pell g H it
b g bl 5 e

phdl o S Ll AL Jal 6
¢ S pailly po3¥H el Lt LG
15 Wty et I gL gl o
LK g liall fadsd ,‘,L,:,,JJraxl

¢ gpdidy kll gl —
(6 s e ooy ¢ e g
Al Lol G srlt el g
Al gL 3 e g e J5
Sl o J2y O 3l Gl o)
Al W il G ga ol
Loty eyl B3l o B 43
. (Uya -'i:._..:.f

OF tns ¢ ol jlght (8 —
G el ssp d] o2 A
o e Tor W 8 e
A5 S i e o
Sav sy ¢ (Jad ey B
g 3Y gl Taib By
o) gl sty 3 e

it



ey by
prloric caeca

Ul g

G o ) oy
pylorie duce

periviseeral coelomic caviry

Sl o e
interradial seprum

gl ki
pyforic' portion
H
stomach

saljll et 7] NIRRT oot
cardiac portion f EEE ] gt by 2

preoral ciliated band
ol oLl ait

preoral lobe
ety gonidl S

Digestive and reproductive systems

mouth
el el il
postarzl lake
O L R B %,
posteral ciliated band A
Ll anus
Pedieellaria &
Lo U301
Sl fI“'Y‘CHJA"‘ Bipinnatia larva
ampullae of =ube feet
Jps il L Asle L
Palian vesicla water vaceylar ring
b plsrt
Tied 's badies

aleall
madreporite

l._()ll

cesophagus

& sl

stone canal

U1 e g

Water vascular s).rste.m

ety FG s Ads ol g
ASTROPECTEN RELITARIS




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

«— 318

ch..“ Jde 4y Ll olod
de Yo ol 05 ¢ adll Bt
Bl ix3) gN s (gl
Skl il Skl e oL
Moo eV Al g Ll

¢ Ll slael domyi
,‘ 1 u'l..pl !LL-'LJ LR T ,T
(U)LJ Lg_,lﬁ

ol Ol ¢ ‘S.GA" e 3 —
Loadll ZH 4n o o gl
i E M EPRT L-,-"':&:.T, - A Jpr
Jib fe i Lelad Las Lo o
EFPR L PR A

e el

Sy sbes SN _
- (Cnaty

bl uld a5 fr A
gran Glo J§:l| Lt 555 s T
Yy shed B Doy ot 4
£~ > Ay ¢ Geediotd)
b gy ¢ OB Jhoe (s
0 e Al 4 gl
¢ ;.__;I..\.hﬂ"l rascyy ekt g
REIE U B RO g
g 2 G il L
Mo et 5L oedily Lot e b
SI Al o S g L
¢ g3t s Sless e ) T

YA



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
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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 :
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— 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,

“— 347

e Togsy J31ads & oin alics
COsk s (8 JU ale
e PR
dagtd Sliad & W —
¢ &, sl
PP RPN SR g R
0 lgia el L L

iy




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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