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INTRODUCTION

Our kmowledge about the Indian echiuroids is very
limited. The earliest report of an echiuroid from India was
that of Thurston (1895 ) who reported a species of Thalassema
from the Gulf of Mannar. Shipley (1903) , Annandale and Kemp
(1915 ) , Annandale (1922 ), Prashad and Awati (1929 ), and
Prashad (1919a, 1919b, 1920, 1935 ) were mainly responsible
for the description of a number of Indian echiuroids. There
was a big gap in the study of Indian echiuroids since 1935,
In recent years the study of echiuroids has been taken up in
India by a group of workers with whom I am also associated,

I had many opportunities of visiting the coasts of Gulf of
Kutch, southern and western coasts of India, and Andaman and
Nicobar Islands ( Bay of Bemngal ), Echiurids and bonellids
are occasionally found along the coasts of Gujerat (Gulf of
Kuteh ) Portblair and Car Nicobar $slands ( Bay of Bengal )
and Kerala ( Arabian sea ) , In Pak Bay and Gulf of Mannar
they are, however, of less frequent occurrence. Some echiurids

ware reported from Chilka Lake ( Orissa ).

Attempts to suggest a phylogenetic classification
of Echiuroidea have been made only recently ( Bock, 1942
Fisher, 19463 Dawydoff, 1959 ), Still every worker in this
field feels for a more satisfactory elassificatione The real
diffioulties facing the eohiuroid taxonomist are the
inadequate desoription of species. In recent years several

new specles have boen added to this group and the available
descriptions are so brief and sometimes so incomplete that
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it 1s difficult to ascertain the true relationship with
any degree of certainity. It should be important at this
stage to describe adecuately the species available and to
study their distribution and relationship., Such studies
would evidently throw light on the ewolutionary pattern
of the group, With this object in mind, I have taken up
the work on Indian echiuroids, In the course of the work
I have discussed certain features in the anatomy of
echiurids vhich wuld be useful in the classification of
the group,
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CHAPTER I

HISTORICAL RESUME

1. General Introduction to Echiuroidea

Quartefages (1847 ) established the group Gephyrea
( a bridge ) in which he included Behiuroidea, Sipunculoides
and Priapuloidea, Sedgwick (1898 ) set up separate phyla
each for Sipunculoidea and Pfiapuloidea but retained
Echiuroidea as a class of Annelida, Hatschek (1880 ) and
Lang (1888 ) regarded echiuroids as chaetopod annelids.
It was only recently ( Newby 1940 ) an independent status
of a phylum was assigned to this group. Fisher (1946 ) also
treated Echiuroidea as a distinot phylum, He writes “when
numerous differences which appear in their development are
considered, it secms improbable that the inclusion of the
echiuroids with the annelids as a subphylum or class, 1is
Justified, It 4a probably more accurate to consider the
Echiuroidea as forming a separate phylum, distinot from the
phylum Annelida's Marcus (1958 ) regarded Echiuroidea as

degenerate forms derived from the Annelidae.

The echiuroids are soft bodied animals, with a
long or short proboscis. The proboscis may be short, Spatula
like or long, ribbon shaped , One or two genera have only
rudimentary proboscis. Most of the echiuroids have anterior
ventral setae :gigésbwa genera have additional anal ocirclets
of setae . The body of echiuroids 46 covered by papillae.

The proboscis leads into a mouth, The alimentary canal 1is
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highly coildd and the intestine is always accompanied by
siphon « The segmental organs are nephridia shich are
more numerous in echiurids than lwnellids , The nephridia
are functional gomoducts and in many bonellids the males
live in the nephridia of females. There 18 a pair of anal
vesicles vhich open into the rectum. The shape and size
vary in different members,

The echiurpids are generally burrowing forms;
some of them live in soft mud,’fin excavations of coral
rocks , A few forms live at a depthof 4 to 6 feet under
csand, mud or shingle in the iittoral area, “d&e They are
genorally littoralj a few echiuroids have been reported
from deep sea, The echiurcids are found {n tropiecal,
temperate, arctic and antarctic regions, and Stephen
(1941 ) suggested a 'bipolarity in the distribution of
echiurids. So far only eleven genera of echjurids and
20 genera of bonellids are kmown , Collection of echiuroids
18 often very tedious and laborious =nd this perhaps is one

9f the rensons for their rarity,
e Roview of the Classification of Echiuroidea

Attompts to classify echiuroids were made only in
the begiming of the century, though several genera of
echiuroids were already known, Lankester (1883 ) made a
comparative study of the genera - Haringia, Ponellia and
Thalassemae Reitmoh (1886 ) published a general survey of
the group and he recognised five genera of echiuroids,



.5‘

Delage and Herouard (1897 ) described seven echiuroidean
genera. They are Echiupus ( Guerin ), Thalassema(Gaertner),
Bonellia ( Rolando j, Hamingia ( Danielssen and Foren ),
Saccosoma ( Danielssen and Koren ), Ipithetosoma ( Koren
and Danielssen ) and Sternaspis ( Otto ). Shipley (1899 )
mentioned five genera and thirty one species of cchiuroids
and dropped the genus Sternaspis and :pithetosoma from his
14st. Rietsch (1886 ) expressed that Sternaspis should be
transferred to Polychaeta. Theel (1906 ) stated that
Epithetosoma  was most likely a nemertine, Book (1520 )
established that Gpithetosoma 43 a nemertine belonging to
the genus Micrupa of the family Lineidae, Up %0 1920 there
was hardly any attempt to arrange the different genera of
oechiuroids in a systematic way., Monro (1927 ) wade an
attempt to arrange thae then existing genera of echiuroids

into families and subfamilies. His scheme 1is given belows

Class Echiuroidea
Family Echiuridae
Subfamily Echiurinae Genus Echiurus,Guerin
Subfamily Urechinae Genus Urechis, Seitz
Subfamily Thalassaematinae
Genus Thalassemg , Gaentner
* Ikedg , Wharton
Family Bonelliidae
Subfamily Protobonelliinae

Genus Protobonellia, Ikeda
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Subdbfamily Bonealliinae
Genus Bonellia, Rolando

. Archidbonellis, Fisher
= Pseudolonellia, Johnston & Tiegs
. Iked%lﬁ, gene NOVe fOF
nellia miaaken;is, Ikeda
Subfamily Hamingiinae
Genus Haminpia, Korem & Danielssen

8enus Acgnthohamingia, Ikeda
Jenus Sluiterina, gene nove, for
“Tamioiie sitocae, siuiter

Baltzer (1934 ) classified the echiuroids into
three groups based on the nature of frontal lobe (proboscis).

He rocognized 8 generae.

I, With frontal lobes undivided,

Behiurus Guerin
Urechis Von Drasche

Thalgssema Lamarck
Ochetostoma ( Leuckart and Ruppell )

Listriolobus Spengel

Hamingla Koren and Danielssen
1I, With bifid frontal lobe.

Bonellia Rolando
111, Without frontal lobe.

Saccosoma Koren and DanielSsen
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Since Baltzer many new echiuroids were discribed., Bock
(1942 ) listed the following genera in addition %
Baltzer's 1list of 1934,

Prototonellia Ikeda.
Aganthohamingia Ikeda.

Ikeda tharton
Pseudobonellda Johnston and Tiegs

Arghidonellia Fischer
Parabonallia Onoda
Arhynchite Sato

l1kedosomu Eock

Yaxmullorig Book

Boock (1942 ) had recognized 17 genera of echiuroids and
suggested a new olassification, Ho considered 'Echiuroidea!
as a class under phylum Annelida, His scheme of Classi.
flication 18 as followss

Order Echiuroinea nov,
Family Echiuridae Baird.
Genera Lohiurus and Upachis
Family Thalassematidae nov,
Subfamily Ikedinae nove
Genus Ikeda
Subfamily Thalassematinae nove
Genera Thalassema, Ochetostoma(incl.
Listriolotus ), lkedosowa n.ge

(for Th. clegons Tkeda ) and
Aﬂggﬁhigo
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Family Bonelliidae Baird,

Genera Maxmulleria n.ge., Acanthohamingia,
Archibonellias, Hamingig,

Parabonellfa, Protobonellia,
Pseudobonellia, Bonellia.

Order Sascosomatinea, nov,
Genus Saccosoma Kore and Dan,
Order oeobiinea, nov,
Family Poenbiidae Heath.
Genus Poeobius Heath,

Boek (1942 ) felt that the two orders Saccoe.
somatinea and Foeobiinea should be considered as very
aberrant annelids of somevhat doubtful relationship ®
the true echiurids, Fisher (154¢) proposed a phylum
Poeoblodea for Pogobius and thus removed it from
Eehiuroidea, He believed that Pogobius originated from a
group common to the echiuroids and annelids. Heath (1930)
considered this as a link betwaen amelids and echiuridse
Plokford (1947 ) reinvestigated the anatomy of Pogobius
and found that this animal is only an aberrant poly-
chaetous worm and that the acquisition of some of the
echiuridan characters of Poeobjus may have been the result
0f 1ts descent from sedentary anceator, Hartman (1955,
1961 ) Hyman (1959 ) and Doles (1962 ) regarded Poeobius
a8 polychaetewhile Dawydoff (1959 ) placed Poegbius
' incortag®edis ' with in the Echiuroidea. Fothschild
(1961 ) doubtfully placed Poepbius in the Polychaeta.
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Berkeley and Berkelay (1960 ) cormitted Poeobius to
Archiannellida. Fobbins (1965 ) stated that Poeobius
was cortainly derived from a benthic form and arose
from the archiannelid type quite early in the history
of the Annelida, He writes "it is difficult to consider
Poecobius a polychaete due to the absence of setae and
external Segmentation, however, it would be unwise %
raise the species to class leval, The solution seems to
be a broader concept of "Poiychaeta™ to include the
family Poeobiidae®,

Pisher (1946 ) proposed a new scheme of
classifiocation. He considered Echiuroidea as a phylum
( Hewby 1940, Hyman 19%0 )}s His oclassification is a8
follows

Phylum BEchinroicdea

Class GHohiurida, Body wall with innermost
circular or oblique layer of muscles
well developedy anal vesiocles presents
collateral intestine or siphon well
developeds probtosois and anterior
setao prasent in nearly all species.

Order Hoblurcines Book, emended
A closed bloodavascular systemj no specialization
for intestine for anal respiration,
Family Bonelliidse
Genus Bongllia Folando

L 2]22911102518. Refe
® Psendobonellia Johnston and Tiegs
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Genus Archibonellia Fischer
" Pargbonellia Onoda

" Hubonellia, Nege
9 Prototonellia Ikeda
" Maxmulleria Book

n Hamingia Danielssen and Koren

" Nellobia. Nege
" Acanthohamingla Ikeda

Family Eshiuridae {( de Blainville, 1827, restricted)
Genus  Hohiurus duerin.Meneville

»  Arhynchite Sato
" Thalassema Lamarck
" Anelassorhynchus Annandale
» 1,1 530om 8 NeBe
i Listrjolobus Fischer
" Ochetostoma Leuckart and Ruppel
» Ikedosona Boek

Order Xenopneusta , new order,

No vascular aystem, coelomic fluid deing
heavily charged with large blood corpuscles

containing hemoglobin or hemoglobln plus
hemating intestine with terninal portion
enlarged, thin.walled, to receive water frow

cloacal pumpe
Family Urechidae Fisher and MucGinitie, 1928
Genus Urechig Seits
Order Heteromyota, now order.

Longitudinal layer of body wall 1lying outside
. both the circular layor and inner oblique
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layery nephridia excessively numerous,
unpaired and with terminal nephrostomae;
proboscis excessively long.

Genus Ikeda Wharton

Class II Sactosomatida, Body wall with innermost
circular layer missing or degenerated to a
net of fibersy no anal vesicles; apparently
no siphon; no proboscis and no setae.

Genus Sg- cgsomg

Dawydoff (1959 ) adopted the fullowing classi.

fications
Class Ecohiuroidea
Family Echiuridae de Blainville
Genus Echjurus Seitsz,
Femily Thalassemidae §, Bock (pro parte ).

Genus Thalassema Lemarck,
®*  Qchetostoma Leuckart and Ruppel
" Listriobolus Spengel,
" Ikedosoma Book.
Femily Bonelliidae Baird, (emends )

In addition to Fisher’s (1946 ) list the following
species were included by Dawdoff under the family
&’nﬂliidaeo

Genus Prometor Fisher

" Apalosoma Fisher
Austrotonellia Fisher
Achaetolonellja Fisher
sluitorins Monro
Acantholonellia Fisher
Tatjanellia Zenkewlitch
Vitjazema Zenkewitch

% = 3
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Genus Jakobla Zenkewltech

B Alomasoma Zenkewdtch

Family Urechiidae
Genus Urechis Selteg

Famlly lkedaidae mov ( = Ikedinae S.Bock ),
Genus lkeda Wharton

INCERTAB SREDIS

Genus Platzlobostomg Wesenberg Lund
Poebius Heath

Family Saccosomidae Daniolssen and Koren
Genus Saccosoma Dan and Koy

Wesenberg Lund (1959a ) considered Platylobostoma
nearer to Ochetostoma.

Systematic accounts of echiurids vere available
in the wrks of Fischer (1892, 1896a, 1896b, 1925, 1926a ,
1926b, 1928 );Ikeda (1904, 1997, 1908, 1924 )-Sato (1935,
1939 ) Shipley (1898a and 1898b, 1899, 1903 ), Selenka (1885,
1899, 1902 )} Lanchester (1905a, 1905b ), Prashad (1919a,
19190y 1920 , 1935 ), vesenberg Lund (1932, 193%, 1937, 1938,
1939, 1955, 1959 ), Fisher (1946, 19%7 , 1949 ) , Stephen
(1936, 1941 , 1967 ), Bock (1942 ) and Datta Gupta et al

(1961, 1963, 1965 ).

Brief descriptions of echiurids are available in

all the cystematic accountse Detailed anatomical works are



available only for a few species, Anatomy of lhalassema

noptuny was studied by Lankester (1881 ) Rietsch (1886 )
and Jameson (1899 ). whide ichiurus pallassl was studied
by Greef (1879 ) and Spengel (1880 ). Awbelton (1920 )
described the structure and affinities of Zchiurus
unjeinctus ( = Urechis unicinctus ). Many useful anatomical
talls were given by Fisher (1946 ) with regard to many
echiurids in addition to a detalled account of Urechis
caupo and 1ts systeratic position, Ikeda (1907 ) described
the salient features of Ikedosoma elegans and Ikeda taenioides.
Prashad (1919a ) described in detail the anatomy of
Thalagsema branchiorhynchus. Awati (1936 ) «»d Awati and
Desh Pande (1936 ) wrked out the anatomy of the proboscis

antG elimentary censl of Thalassema bombayensis respactively.

|
3. Introduction to Indian Iohiuroidea

Behiurids are fairly common along the Indian sea
shore, but still the group 88 a wvhole did mot receive much
attention among the wrkerse This is mainly due to the
difficulties in obtaining specimens, since most of them
live buried either $n sand op mud and 1t 18 more or less
a chance to find a specimen during collection trips.

Thurston (1895 ) perhaps was the first to report
an echiurid from Indlan wators, He described & species of
Thalassoma Lamarck from Gulf of Mannar, The Species wus
described as Thalassema formolosum., According to Prashad
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(1920 ) this species was Thalasgoma formssulum Lampert,
and the name in Thurston's work was regarded as a lapsus
calamni’s Shipley (1903 ) deseribed the following five
specios of echiurids from the Minikoi and Maldive islands,

Thalgssga diaphanes Sluiter

Thalassema moebii Oreof
Thalagsema gemoni Fischer

Ihalassema vagrande Lampert
Ihglaggema erythrogrammon Leuckart and Ruppel

Annandale and Kemp (1915 ) described Thalassema
dendrorhynchus and Thalassema branchiorhynchus. Prashad
(19192 ) in his accounts of echiurids collected from
Talesep ( Far east ), Chandipore ( Orissa ) and Ross Islands
( Anadamans ) reported a nev Specles Thelassema kempi
besides Thalassema dendrorhynchus inn and Kemp IThalassema
branchiorhynchus Ann and Kewp and Thalassema Sabinum
Lanchester, Thalassema microrhynechus was reported from
Chandipore bay ( Prashad 1919b ), Thalagsema hornelll
was described by Prashad (1920 ) from the Gulf of Mannare
Annandale (1922 ) proposed a new genus Analassorhynchus to

accommodate Thalassema dondrorhynchus, The other specles

of the genus are Thalassems branchiorhynchus, Thalassema

sabinum and Thalassema micrerhynchus . Prashad and Awati

(1529 ) described Thalassema bombayensis . Prashad's

report (1935 ) on a collection of Indian echiurids of the
genus ‘halagsems of the Indian museum mentioned four species
vize Tholgssema gaudex Lampert, Thalassema diaphanes
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Sluiter, Thalassema arkati Prashad and Thalassema warshali
Prashad. The latter tw were new species, Datta Gupta and

Menon (1961 ) have reportsd Ochetostoma zanzibarense

Stephen and Robertson which was collected from the littoral
zone of Plrotan 1sland ( Gulf of Kutch ).Menon and Datta
Gupta (1962 ) described lkedosoma pirotansis, a new specios
from theGulf of Kutch, In an acoount of Indian echiurids
from the Indian waters ( Datta Gupta et al (1963.) listed
six species of echiurids viz, Anelassorhynchus chaetifera
a new Species, Anelassorhynchus sabinum, Ochetostoma
septenyotun, a new species, Ochetostoma sulum,
Ochetostoma zanzibapense and Ikedosoma pirotansis, In a
recent paper Datta Gupta and Msnon (1965 ) reported
Listriolobus brevipostris Chang, Anelassorhynchus moebii
Creef and a new species of Anelassorhynchus loborhynchus,

Compared with the Indian echiurids the Indian
bonellids are much laess knmown. fonellia virdis Rolando
wad reported by Shipley from Maldive islands (1903 ).
During the survey of the 11ttoral fauna of the Gulf of
Kuch, Gideon et ale (1956 ) reported Ikedella misakiensis,
Menon, et al.(19¢4 ) reported the following five species

of bonellids belonging ™ 3 generas

Donellia minor Marion
Aganthobonellia miyajimai ( Ikeds )

Acanthobonellia vulgaris Menon and Latta Gupta

Aganthobonellia rollandoe Menon and Datta Cupta
Ikedella misakiensis ( Ikeda )
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Jose (1964 ) described Acanthobonellia pirotanensis,from
Culf of Kuteh,

Anatomy of Indian echiurids wasd not adequately

studied. The detalled anatomy of an Indian echiurid is
given by Prashad (19198 ) who described the anatomy of
Thalassema branchiorhynchus with comparative notes on
other specles of Thalassema collected by him, Awati and
Deshpande (1936 ) studied the proboescis and alimentary

canal of Thalassema bombayensis,

Ye Historical review of the gensra and species of
echiurids reported frow India.

ikedosoma Bock 1942
Bock propssed the genus Ikedosoma with as type

spacies Thalassama elegans Ikeds ( Ikeda 190% ). The generic
distinction was the prosenca of large numder of Segmental
organs, FPisher (1346 ) independent of Book suggested that
Thalassema elegans d1d mot belong to the genus Thalassema .
Fishey (1946 ) writes * the atructure of the body wall
closely approximates that of Ochaetogtoma but elegons is
peculiar in having numerous nephridia in $ix or seven pairs

cf groups comprising one to throe nephrida each. The internal
opening present at base i3 provided with 2 relatively short
spiral lobes. The dorsal hlood vessel ends with the heart

on the hind end of the pharynx and is therefore shorter than
in typical Echiuridae. The neurolintestinal vessel arises
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from the ventral median point of the ring sinus which
surrounds the extrewe hind end of pharynx, There is no
interbasal muscle and mo intestinal caecum”, Fisher (1946)
regarded Thalassema gogoshimense Ikeda congeneric with

1. elegans, Bock (1942 ) did not refer to T. gogoshimense
a8 a distinet species. According to Ikeda (1944 ) the
latter shows an essential agreement with T, elegans , the
only difference baing that all the internal organs in

I. poposhimense are developed on a smaller scale in
proportion to the smaller size of its body, In the females
there are only 3 pairs of nephridia situated behind the
setae while in the male there are six to eight groups
arranged in pairs which are like those of I. elegans. Thus,
if we accept that T, pogoshimense and T. glegans are
congeneric , then there were kmown only two species of
lkedosoma, Recently Manon and Datta Gupta (1963 ) collected
& number of specimens from Oulf of Kutch which they have
deseribed as a new species of Ikedosoma vize lkedosoma

pirotansta,

Genus Ikedosoms Book 1942

Ikedosoma pirotansis Monon and Datta Gupta
1961 lkedosoma pirotansis, Menon and Datte Gupta,p.305

1963 lkedysoma pirotansis, Datta GQupta et ely, Pe 62,

Listriolobus W, Fischer 1926

Spengel (1912 ) established the genus Listriolobus
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for Thalassema erythrogrammon of Sluiter (1883 ) and Wilson
(1902 ). Spengel regarded Thalassema mellita Conn also
related to Sluiter's and Wilson's specimens and proposed
the generic name Listriolobus, William Fischer (1926 ) named
Wilson's and Sluiter's specimens Listriolobus bahamensis
and Listriolobus billitonensis respectively. According

to Pisher (1946 ), this was the first association of
Listriolobus with a specles from which a type can be
chosen and therefore Listriolobus Spengel 1912 was to be
considered as ‘nomen nudum !, However, Dawydoff (1959 )
associated Spengel with the genus Listriolobus. Book (1942)
regarded Listriolobus as a subgenus of Ochetostoma,
Thalassema mellita Conn was made the type of a new genus

Lissomyemma (Fisher 1946 ).

Ligstriolobus Piacher 1926
Listriolobus brevirostris Chen Y end Chen Chang ¥

1958 Listriolobus brevirostris,Chen ¥ and Chen thr;g Y
De °

1965 Listriolobus brevirostris,Datta Gupta and Henon
Pe ]

Anel assorhynchus Annandale 1922,

Annandale (1922 ) proposed the genus AneleSso.

.l‘_hzn_chy_a_, to include Thalassema branchiorhynchus Ann and

Kemp and Thalassema dendrorhynchus Ann and Kempe In these
two species the proboscis {s short and the lateral margins

of the proboscis have dendritic gill-like outgrowths, To
this genus he also added Thalassema sabinum Lanchester and
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Thalgssema picrmrhynchus Prashad. Anelassorhynchus resembles
thalgssema in having a continuous longitudinal layer of

muscles in the body. It differs from Thalassema in having
long spirally colled lateral lips to the nephrostome.

Anelassorhynchus Annagndale 1922,
inelassorhynchus branchiorhynchus (Ann and Kemp )

1915 Thalassema branchisrhynchus Ann and Kemp,DPe 61
1919 Thalassema branchiorhynchus, Prashad p. 324%.

1922 Anelassorhynchus branchiorhynchus, Annandalée p.181.
1935 Thalassema branchiorhynchus, Prashad pe 399

1946 Anelassorhynchus branchiorhynchus Fisher p. 22.
1949 Anelassorhynchus branchiorhynchus Fisher pe 481
1965 Anglassorhynchus branchiorhynchus Datta et al.pe6l.

1965 Anelassorhynchus bpanchigrhynchus Datta Gupta and
Menon, ppe 195,199

Anelassorhynchus dendrorhynchus (Ann and Xemp )
1915 Thalgssoma dendmorhynchus Ann and Kerpe Pe 58
1919 Thalassema dendro nchus, Prashad, pe 32k

1922 Anelassorhynchus dendrorhynchus, Ann andale pe 148
1946 Anelagsorhynchus dencrorhynchus, Fisher, p. 22

1949 anelassorhynchus dendrorhynchus, Fisher pe 48l.

1963 Anelassorhynchus dendryrnynchus Datta Cupta et alep.é6l.
1965 inelassorhynchus dondrorhynchus Datta Oupta ?.33

Menony Pe

inelassorhynchus mierorhynchus Prashad

1919 Thulassema microrhynchus,Prashad, pe 42e
1922 Anclassorhynchus microrhynchus, Annandale Pe 148,

Anelassorhynchus vegrandis ( Lampert )
1883 Thalassems vegrande Lampert, p. 3hi.
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1899 Thalassema vegrande, Shipley, pe 352.
1902 Thalagsema vegrande, Shipley, Pe 130
19%6 anelgssorhynchus vegrandis, Fisher p. 221,
1945 Anelassorhynchus vegrandis, Fisher pe 4814
1960 Anelassorhynchus vegrandis, fdmonds, p. 91.

1965 Anelassorhynchus vegrandis, Datta Gupta and
Meron, Pe 199

Anelassorhynchus semoni ( Fischer )

1896 Thalassema semoni, Fischer, pe 21- 28,
1902 Thalassema semoni, Shipley, p. 128.

1902 Thalassegma semoni, Sluiter, Pe 47.

1913 Thalassema semoni, Wharton, pe 247.

1946 Anelascorhynchus semoni, Fisher, p. 222

1949 Anelassorhynchus gggni Pisher ps 481e
1959 Thalassema semoni “esenberg Lund pe 216.

1965 Anelassorhynchus semoni, Datta Gupta and Menon,p.199.

anelassorhynchus chaetifera Datta Gupta and Menon.

1963 inelassorhynchus chsetifers Datta Gupta et sly De6le

1965 Anelassorhynchus chaetifera, Datta Gupta and Femliég
Pe @

Anel asso riiynchus loborhynchus Datta Gupta & Menon,
1965 Anelassorhynchus loborhynchus, Patta Gupts & Mcnonb
.

Thulagsema Lawarvck 1816

The generic name Thalassema was i rst used by
Lamarck, The original genus Thalagsems was$ sp1it up into
dchetostoma, Listriolobus and Thalassema Wy spengel (1913 ).

At present the genus has been restricted to & fow specieB.
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The f>1lowing penara of echiuroids were once included under

the genus Ihelassema.

Ochetostoma Leuckart & Ruppel 1828
Ikeda "harton 1913

Anel agsorhynchus Annandale 1922

Listriolobus Fischer 1926

arhynchite Sato 1937
Ikedosoma Bock 1942

Maxmulleria Bock 1942
Lissomyema Fisher 1946

The only species of ThalasSema so far described from Indian
Waters is Thalassema diaphanes Sluiter.

Thalagsens Lamarck, 1816

Thalasgema diaphanes Sluiter

1888 Thalassema diaphanes Sluiter, ps 2.
1899 Thalassama diaphanes Shipley, Pe 366e

1902 Thalassema ¢igphsnes Shipley, pe 128.
1913 Thalassema diaphanes iharton, ps 262
1935 Thalassems diaphanos Prashad, pe l41e

1959a Thalpgssema diasphanes Wesenberg Lund, p. 21k
1959t Thalagsema diaphanes Wesenberg Lund, ps 199

Genus Ochetostoma Leuckart & Ruppel

Spengel (1912 ) re.gstablished the genus Ochetostoma
of Leuckart & Ruppel and included in it Thalassepa like forms
with longitudinal muscle lsyer interrupted by fasicles of

inner oblique muscles,



1952
1959
1961
1963

1883
1699
1895
1902

1920
1946

1963

1920
1946

1929
1936
1936
1546

1919

1935
1946

1935
1346
1959

Ochetostoma Leuckart & Ruppal
Ochetostoma zanzibarense Stephen & Ambertson

Ochetostoma zanzibaronse ,Stephen & lobertson,p.til.

Uchetostoma zanzibarense, esenberg Lund, p, £9.
Ochetostomn zonzibarense, Datta Gupta & Menon,p.829.

Ochetostoma zanzibarense DLatta Gupta et al., p.6D.

Ochetostoma formosulum ( Lampert )

fthalassema formosulum Lampert, pe 339
Thalassema formosulum, Shipley, pe 348

Tholassema formosulurw, Thurston, pe 116.
Thalassema formosulum, Sluiter, p. 48
Thalassemy formosulum, Prashad, pe 37

Ochetostoma formplusum, Fisher, pe 241

Oghetostoma formosulum, Datta Gupta et ale De 57.

Ochetostoma hornelli ( Prashad )
Ihalassema hornelli,Prashad, pe 36e

Ochetostoma hornelll Fisher, pe. 24le

Ochetogtoma bombayensis (Prashad & Awati)

Thalassems bombayenmsis , Prashad & Awati, p.259
Thalassema bombayensis ,Awati, pe 96.
Thalassema bombayensis, awatl & Deshpande,pe68.
Ochetostoma bombayensis, Fisher, Pe 2h1l.

Ochetostoma kompg (Prashad )

Thalassema kompl Prashad, pe 336.

Thalgssema keppi, Prashad, pe 40 and L1
OQchetostoms kempi, Fisher, pe 2i¢le

Ochetostoma arkati (i rashad )

Thglassema arkati Prashad , pe 41e
Qchetostoma arkati, Fisher, pe. 241,
Ochetostoma arkagti, Wesenberg Lund, p, 203.29%,



1963

1828
1862
1879
1886
1881

1883
1830
1892
1892
1892
1895
1895
1898
1899
1899
1899
1902
1902
1902
1992
1903
1503
1904
1912
1913
1913
191%
191%
191k
192Y

Qechetostoma seplemyolum Datta Gupta & Menon

Ochetostoma septemyotum, Datta Gupta & Menon, pe§’

Ochetostoma orythrograzmon Leucart & Ruppel

Thalassema 9rxthmgramon Leuncart & Ruppel,p.78.

& T awo

Thal assema s ler, P. 16e
Thelassema ¢AdGdY uTool pe 147,
Thalassema gaudex, Riatsch, p., 195.

Thalgssema erythrogprammon, Drasche pe 69
Thal assema caudex, Zeitschr p. 340,
Thalassema caudax'SIuiter Pe 110
Thalassema kokotonignsis Fischer p. 82.
Thalassema stulhmani o Fischer, pe.82.
Thalassome leptodermon Fischer, pe 8%-85.
Thalassema kokotonienais Fischer p. 20
Thalassema stulhmani,Fischer, pe 20.

Thalgssema gaudex, hinley, pe W72,
Thalassema kokotoniensis Shipley, pe 337
Thalassema candex ﬁhipley, Pe 347
Thalagsema caudex Shipley, pe 346.
Thalessema kokotonionsis ySluiter pe 46e
I'halasaama caudex ﬁluiter De 45,
Tholassema erythrogrormon,Ghivloy pe 128s
Thalassema leptodermon,Sluiter pe %7
Thalassema leptodermon,Augener pe 297,
Thal assema stuhlmanni,Augener pes 371
Thalassema kokotoniensis,lkeda pe 60e

dghetostoma erythrogrammon,Spengel p. 316
Thalassama caudex, tharton pe 263
Thalassema griffni, tharton, pe 243.

Thalassema pultilineatum Fischer p. 78.

_;‘1229& koko toni gnsis, Fischer pe 1-28s
Thalassema stuhlmanni,Fischer pe 1=28e

Ihalassema palense,lkeda Pe 39= H1le



1935
1935
1939
1946

1952
1952

A
'1959a

195%b
/ 19628
' 1962b

195%

Ochetostoma erythrogrammon,Sato pe 32h.
Thalassema caudex Prashad pe 39,

Uchetostoma erythrogrammon, Sato, pe 357359
Uchetostoma erythrograpmon, Fisher p. 21
Ochetostoma stuhlmanni Fisher p, 241

Qchetostoma leptodermon Fisher p. 241,
Ochetostoma caudex,Fisher p, 241.
Ochetostoma kokotonniensis,Fisher p, 24le
Ochetostoma griffini Fisher p, 241,

Ochetostoma throgrammon,Stephen p, 181-182,

Ochetostoma erythrogprammon,Stephen & Robertson,
Pe 430. ""31.

Ochetostoma erythregrammon,iesenberg Lund, pe. €9
Ocheto stoma erythrogeammon,Wesenbarg Lund pe202-203

Ochetostoma erythrograwmon Chuang pe 80 to 85
Ochetostoma erythrogrammon Chung pe 86= 93
Uchetostoma eorythrogramron,Wesenberg Lund p., 383.
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CHAPTER 1II

MATERIAL AND METHODS

The material” for the present investigation was
obtalned from various sources, Ikedosoma pirotansis was
collected from the lfttoral zone of Pirotan island ( Bulf
of Kutch )}, About £ifty thros specimens were exawrined,
Listrjolobus brevirostris was obtained from Thavara (Kerala),
Thirty five specimens were studied ., Two specimens of
Ochetostoms formosulum from the Gulf of Xutch, eighteen
specimens of Ochetostoma Soptamyotum from Quilon ( Kerala)
a8 well as Veeraval, ( Gujerat ) one specimen of
Anelagsorhynchus Sablnum from the Gulf of Kutoh, one
specimen of AnelassorhynchuS chaetifera from the Gulf of

Mannar ( Madras ) one specimen of Anelassorhynchus
loborhynchus from Gomti creek { Gujerat ) and two specimens

of Anelassorhynchus moebii fTom Laccadives have baen
examined, Further,I had the opportunity of studying the
following specimens, Two Specimans of Anelassorhynchus
branchiorhynchus from the musewm of Zoological Survey
Calcutta, one spacimen of the same species from the museus
of the Department of Fisheries Okhajy one specimen each of
lkedosoma_gogoshimmense, Qchetostoms bombayensis, Schetostoma
ory throgrammon, Ochetostoma kempi, Ochetostoma gaudex,

Anelassorhynchus moebil and Urechis unicinctus from the
wuseun of the Zoological Survey, Caloutta and two specimens
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of Thalassema neptuni from the wuseum of the Zoology
LVepartment , Panjab University,Chandigarh,

The collections were made during the period

between 1959 and 1965,

The 1iving specimens were killed in strong
formalin and later preserved in 5 % formalin or 79 #
aleohol. For histological studies various tissues of
Ikedosoma pirotansia were fixed in Zenker's and Bouin's
fluids, and 10 . formalin, Sections were cut at 6 u o 8 u
thick and were stained in Delafield's haematoxylin,
iron haematoxylin, and Mallory's triple stain,

For the stucy of o228 both paraffin and galatin
sections of the nephridia containing the eges were cut at
7 u and 10 u respectively. Gelatin sectlons were stained in
Sudan black B ( Baker i9%9 ) Sudan 1II and IV ( Kay and
“hitehead 1941 ) end Nile Plue sulphate (Cain 1947 ).
Paraffin sections were stained in Delafiald haematoxylin/
e 8in and iron haematoxylin/ ecsin technisues. Perjodic
acid ( PaS ) technigue ( Fotehkiss 1943 ) along with
scetylation and KOO reversal wss used to detect the
carbonyaratss { MoManus and Cason, 1950 )« Bromphernol
blue ( HgBFB ) technigue { Malzia and others 1952 ) and
alkaline fast grasen ( Alfopt and Gaschwind 1953 ) techniques
vere employed for the datection of »rotain. Methyl groen/
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pyronin G technique ( Jordan and Baker 1955 ) along
.4th salivary ribonuclease ( Braddbury, 1956 ) snd
trichloroacetie acid and perchloric acid ( Pearse 1960)

controls was performed for detection of nucleic acids,
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CHAPTER III
MORPHOLOGY OF JKRDOSOMA PIROTANSIS
le External Morphology

Ikedosoma pirotansis in the preserved state measures
26 t 96 cm in length including prodoseis, The fresh
specimen 18 bright red in colony while the proboscisa 1s pale
vhite,wvith dark spots on the dorsal surface. When these
animalsj;hkon out of their burrows and kept in sea water
they gradually lose their characteristic colour and start
disintegration, It was observed that some kind of pignent
diffuses into the water from its body.

A brief description of the species is already
published ( Menon and Datte Oupta 1962 ) . The proboscis is
ribbon shaped and can extend ™ a great length. The ventral
side of the probtoscis is slightly concave and there is a
median groove running from the bhase of the proboscis to the
tips This groove is ciliated and leads into the buceal
cavity, The lower surface of the proboscis 1S not efliated.

There are no papillae on the proboscis,

The body 18 covered over by papillae., In the
antorfor region the papillae are large and are compactly
arranged, Around the setal region the papillae are arranged
concentrically( Fig, 1 ). In the middle part of the dody
they are scattered and project prominently from the surface
(Fige 2 )a Around the cloaca the papillae are again large
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and crowded{ Fige 3 ). Ventrally one can see a faint line
running from the anterior to the posterior end, This is
the ventral nerve cord seen through the body wall, Posterior
to the setae on either side of the ventral nerve cord are
seon the nephridiopores . The nephridiopores vary from

8§ % 20 palrs, These pores are placed on tho summit of
enlarged papillae on either side of the wid ventral nerve
corde Considerable variations were sbserved in the number
and arrangement of nephridfopores, Most of the nsphridioe.
pores are situated symmetrically on either side of the
nerve cord ( Fig, 1 , Menon & Datta Gupta 1962 )« A few
posterior nephridiopores , however, show a definite
asym':étrioal arrangement. The details of these segmental

organs are discussed laters

Ikedosoma pirotansis resembles Ikeda tacmioides
and Ikedosoma elogans in its general shape, body proportions
and long proboseis., All these thrge worms have the same type
of habitat, Ikeda stated that T. slegans inhabits the same

Shallow and wuddy ground as T, taenjoides. It lives in
deep vertically or somewhat obliquely sunk pits which may

be 4 feot deep and is Scarcely distinguishable from those
of T, tosniojdes ( Ikeda 190% ), 1. pirotansis 1ives almost
under the #cme conditions and zll tho above three forms
exhibit perhaps an interesting example of convergence in
response o similar habitat. I. elegans protrudes out its
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proboscis probably only at night but I, pirotansis extends
1ts proboscis during low tide irrespective of the times The
arranganent of the papillsze i3 also similar in three formms,
Ikedosoma gogoshimense which I have examined at the
Zoological Survey Museum ( India ), however, does nol
resemble I. pirotansis. This specimen was collected by
Profe e I1jimal, The preserved specimen is greyish wvhite
in ocolour, Body is covered over with small papillae wvhich
are minute anteriorly. Posterioriy the papillae are bigger
in size, The body measures 72 mm. in length and the length
of the proboscis is only 13 mm. Only three pairs of
nephridiopores could be seen. The nephridia are no doubt of
the Ikedosoma elegans type with latersl nephrostomes having
colled filaments, Anal vesicles are tubular with short

stalked funnels, This species may be congeneric with
lkedosoma elepans, ©mut I o convinced that there is very

1ittle in common with IkedofOma pirotansis and lkedosoma
gogoshimmensa,
Short descriptions of Indian echiuroids are
available in the papers which ara appended ( Gideon et al.

1956 , Datta Gupta and Memon 1961, Memon and Datta Gupta
1962, Datta Gupta et al 1963, Mcnon et al 1964, Datta and

Menon 1965 )n
26 The Integument

The body wall in echiurids consists of cuticle,
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epidermis, cutis, the three muscular layers and the parietal

layer of coelomic epithelium,

Cuticle.. The cuticle in Ikedosoma pirotsnsis 1s a

thin non cellular covering secreted by the epidermis and its
relative thickness varies in the different regions, It is
altogether absent in the ventral part of the probosecis where
the epithelium is ciliateds The papillae have a thicker
layer of cuticle than the depressions between them,

Anteriorly in the setal region the cuticle is very thick

( Photoe 1 ), The cuticles of L, brevimstris, 0. bombayonsis,
and Do septemyotum resemble that of I, pirotansis, 1In

L. brevipostris the lateral and ventral marginsof the
probosels O profusely oiliated vhero thtymthmun up into

a number of fpolds to form the chapasteristic gill like out.
growths ( "hotog, 2 and 3 )e 0. bomhayansis and

2¢ Sgptemyotum plso have gill like out growths. Embleton
(1900 ) and Jameson (1899 )} observed a vacuolated layer of
cuticle in Urechis unicinctus and T. peptuni respectively.
The description of the cuticle of A, hranchiorhynchus
elosaly ecorresponds to that of T, neptuni ( Prashad 191%9a ).
Dah) (1958 ) described the cuticle of B» echiurus which is

identical to that of T. neptuni,

Papiliaes~ The entire body of I. pirotansis is
covered over by numerous papillae and they project cut

prominently from the surface, In L. brevirostris the papillae
are emaller and less elevated vhile in L, hexamyotus the
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papillae are low, and conical with a central dark spot.
They are arranged in transverse rows and are visible only
under strong magnification (Fisher 1949 ). The papillae
are transversely elongated in A. chaetifera, A. Sabinum
and A. moebli have very minute papillae, while in
Ae loborhynchus the body is covered over by numerous oval
papillae, which are larger towards the posterior end
( Datta Gupta et al 1962 , Datts Gupta and Memom 1963 ).In
B Jendrorhynchus the papillae are most numerous towards
the distal extremities where they are arranged in concentric
rings emphasized by corresponding circular folds of inte.
gument where as in 4, branchiorhynchus there are two kinds
of papillae large and smally, the large being the most
numerous towards the distal extremities. Prashad (1919s )
stated that in A, microrhynchus the papillae are arranged in
definite rings at the tw ends of the body. On the ventral
surface of the body about the middle the adjacent papillae
are united together to form a crescentio areas In
Ae abyssalis the papillae are numerous and according to
Fisher (1949) they are slmost flush with surface and are
more translucent than the skin, so that they resemble
"tiny grains of cosked tapioca® In A. porcellanus and
As adelajidonse the papillae are flat ( Edwonds 1960 )e
The skin papillae of 0. orythrogrameon a&are méinute and are
irregularly distributed and at both ends the papillae are
larger, toller and crowded, In Q. zanzibarense the
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papillae are rounded. Stephen (1952 ) stated that the
papillae in 0. zanzibarense are woderately large and
crowded at the anterior end, small and scattered in the
middle region and mostly large at the posterior end. In

B8, arkgti these papillae are not numerous. They are rather,
inconsgpicuous, The body papillae are minute in both

Oe Septemyotum and 0. formosulum ( Datta Gupta et al 1962 ).
The two specimens of I. neptunf{ that I have exarined in
course of this work the papillae are as a rule irregular

in form. They are well developed posteriorly and are smallest
about the middle of the body,

Epidermis

The epidemmis of Ikednsoma pirotansis is made up
of a single layer of columnar cells interspersed with
numerous glandular cells of different shape and size and
sensory cells, The supporting cells are typically columnar
and they taper towards their basgsand are produced into fine
root like processsvhich merge with the subepidermal cutis
layers The nuclel are situated towards the base of the cell,
In the body wall the cell boundaries sre not sharply defined
while in protoscis they are more clearly marked ( Fige M )
The epidermis shows differences in the different regions
and this is largely due % the glandular clements, The
epithelinm of the protoscis in L. brevirestris 18 glandular
and these glands are ofton Seen in dense clusters (Fhoto.2
and Fige 5 )s The cutis layer in the posterior region of
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the body attains enom“i:a proportions to form a connective
tissue cap ( Fige 6 )« Os Septemyotum also has a similar

connective tissue cap in the posterior region.

Four different types of glandular cells had been
observed in the epidermis of_I. pirotansis,

The Clear Cells,. These cells 1ie between the
ordinary supporting cells and are wore cormmon in the
proboscig than in the body wall ( Pige 4 )e They are
modified oolumnayr cells and contain hyaline protoplasm,
These cells open to the cuticle by small openings.
Jameson (1899 ) described similar cells in the epldermis
of T. neptuni. Mmbleton (1900 ) also observed similar

calls in Urechis upicipctus « Jameson (1899 ) regarded
these clear cells to be identical with those found in the

epldernis of male Bonellia( Sprengel (1879). The integument
of the Aganthobonelija vulgaris has no such olear cells

( Datta Gupta ang Memon, 1964 ) , Menon and Sareen (1966)
reported the presence of clear sells in a polychaete wrm
namely Sgbellarfa clandestinus, The frequent presence of
an external opening indicates a glandular nature and it
may even represent some stages in the development of the
one of the several types of unicellular glands as suggested

by Jamason 1899 ).

Pear Shaped Olands.,. These gland calls occur singly
or in clusters, They are numerous in the proboscis and the
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papillae of the body wall. They appear as dense clustors
under the papillae andé one could easily take 1t for a
compound gland, Rach gland cell 18 a pearshaped structure
vhich opens to the cuticle through minute pores (Fige 8 ).
These cells show consideradble variations in its extent and
size, Thelir swllen basal part projects into the cutis ,
The secretory granules alSo differ in size vhich probably
depends upon the state of elaboration of the secretions,
These glandular cells aggregate themsslves into groups of
five to twenty cells, Thay do not open by a single duct as
in compound glands, dut open by as many ducts as there are
gland aellse The unicellnlar naturs of these glands are
more or less masked by the clustering, but 1t is evident in
the proboscis wvhere these glands are nct compactly packed
( Pige & )o Hore one can demarcate the limits of the
indiviaual gland cell and {ts duct, Jameson (1899 )
dascribed similer gland cells in I, peptuni where they
open in irregular groupe, These vells form the major part
of the substance of the fleshy papillae of the skin,
Spengel (1880 ) dessribad only one type of integwsentary
gland cell in &, oohinrus « Dahi (1957 ) however , mentions
two types of gland oalls, the granular gland oells and the
bulb gland cells. The granulap gland cells are pear shaped
and are found in large numbers in papillae as well &8 on
the ventral side of the proboscis, The bulb-gland cell is
found in the central parts of the larger papillae, Urechis
ha® unicellular glands which assume great proportions and
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might wall be mistaken for ocompound glands ( Embleton 1900).
Prashad (1919 ) deseribed in A. branchiorhynchus, elongated
and flask shaped unicellular gland cells , Newby (1941 )
has described slime net glands in Ureghis. In L,
brovirostris these pear shaped glands are present but
they are not clustered together in the body, as in

I. pimtanais, They resemble the A. branchiorhynchus type
of glands an desoribed by Pragshad (1919 ) . These glands
are abzent from the posterior region where a thick
connective tissue cap i# formod, However, these glands are
nurerous and occur in dense clusters in the ventral
surface of the proboseis ( Fig, 5 ), Similar gland cells
were reported by Bhatia (1941 ) in the integument of

Hirudinaria zranulosae

Compound Granular Glands,. The integuwmont of the
proboscis of 1. piiotansis 13 having a peculilar Wpe of
glands embedded i{n the musculoconacctive tisate. They are
subepidermal and are more Numemyua on the dorsal side
than the ventrsl ( Figse # and 9 ). Thay are oval in
shape and contaln large number of eoarse sranules of
varying shape and sizes These cells are more nurerous on
the distal extremity of the proboscis than the proximal
region, They have a conneative tissue coveriag and are
held together by strands of connective tissue fidbres. In
a fow seoctions, the granules have come out of these glands
and are found to adhere on the surface of the epidemis,
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This in all probability could be owing to rupture of the
cells, Similar glands with coarse granules were described
in the body wall of Phoronis ( Marcus 1949 ) and Sabellaria
glandestines ( Menon and Sareen, 1966 )e

Basophilous glands,= These glands are common in the
proximal reglon of the proboscis, and the contents take
desp blue stain with haematorrlin ( Pig, 10 ). The nuelei
are situated towards the base of the cells, They open to
the surface by #mall pores mounted on a 8Special thickening
of the cuticle, It may be mentioned that similar glands are
common in the pharyngeal-epitheliunm,

Tabular glands,. Thesw ara found in the proboscis as
vall a8 in the hody wdl ( Figse 4 and 11 ). In the lateral
margin of the prabounds these glands are aggrogated together
along with large number of pearshaced glunds t form a
lataral glanduls> ridge, Each glund eell 45 vory long and
rerrov and azxtends into the ocutis, In the body wall they are
found only or the papillae. The contents of these glands are
eoeinophilons, The wosinophilons tubolar glands rhow a
striking similarity vith the tubulsr glands described by

Bhatia (1941 ) 4n Birudiparia granulodas

Cutis,~. The cutis layer lies beneath the epidermis, The
substance of the papillae 1s made up of cutis and the
clusters of the closely packed upicellular glands, The cutis
is of uniform thickness throughout in l. pirotansis ,
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In L. brevirostris the cutis i{s having more or less the
soke structure as that of I, pirotsnsis except that it is
generally free from glandular cells {( Fig. 6 )« Posteriorly,
the connective tissue becomes very thick and forms a cap
like structure ( Figs 7 )« Similar thickenings in the
posterior region have been observed in 0, septemyo tum

( Datta Gupta et al. 1963 ) and O, arkati ( Prashad 1935 ).
In other echiurids ( Jameson 1899, Hmbleton 1900 ,

Prashad 1919, Dahl 1957 ) the cutis has got mwore or less
the same structure but its dimensions may vary in the

difforent forms,

Body Musculature
The body musculature 11es beneath the cutis,

The eircular layer of muscles 1s the outermost fdllowed by
the longitudinals ( Photoe 5 )e Thore 18 an inner layer of
oblique muscleose The relative thickness of the muscles varyj
they are thickest at the tw oxtremeties, In L. brovimstris
the longitudinal muscle bands are thickened along seven
bands, In larger specimens thos. bands are well pronounceds
The obligue muscles are continuous ( Fige 7 , Photoe 6 )e
In 0+ bombayensis and O Septemyotum the oblique muscles
are interrupted , Further a number of coelomie spaces were
also observed in the body wall of Q. lombayensis (Phota.? ).
In Ay ghaetifera the body musculature is similar to that of
i+ pirotansis. In all echiurids that I have examined the
alrcular layer of muscles l1es out side the longitudinal,
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The arrangement of the dermal muscles in
echiurids is considered to be taxomomically important,
Shipley (1899 ) used dermal muscle layers and the number
of segmental organs as the basis for the classification
of Echiuroideas Spengal (1912 ) re-established the old
generic name Ochgtostomg for T, erythrogrammon, in which
the longitudinal muscles® are in bands and the inner
oblique muscles are interrupted , In Listriolobus the inner
oblique muscles are continuous, lharton (1913 ) ocame to
the conclusion that it was nmot possible to maintain a
genus Listriolobus as characterised by Spengels Dock
(1942 ) was also of the Same opinion. Fisher (19%6)
created a new order Heteromyota to include I, taeniojdes
characterised dy the reversal of muscle layerse Prashad

(1936 ) in A. branchiorhynchus described similar reversal
in the arrangement of muscles,

Seta and Setal Musculature

The ventral setae are placed anterior to the
firset nephridiopore. In between the setae thers is a
prominent muscular cushion on either side of vhich are
placed the setae ( Photoe 1 ), Externally only the ourved
portion of the setae are visible., I have not come across
any reference of such a muscle cushion in betwean the
setae in other echiurids, The length of the setae is about
4.8 mme The greater part of the setae is enclosed in the
setigerous sac (Fig. 12 ),
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The muscles of the ventral hooks are well
developeds Antariorly at the neck of the setae are inserted
vell developed transverse muscle bands, Pasteriorly there
is a strong interbasal muscle, There are a large number of
radiating muscle strands emerging from the posterior part
of the setne. Most of them are {nserted on to the anterior
body wall (Fige 12 )o In L. breviyostris the intersetal
muscle cushion is absents The interbasal muscle is very
thine There are always one or tw pairs of accessory setae

in the setal sac,

Interbasal muscle is ugually prosent in
Qghetostopa specias; Ochetostoma australiense does not
have onee Amwong the specimens that I have examined an
interbasel muscle is absent in A, moebil . A chaetifera,

Ae lo nehus and I, gogosShimmense .

The setae in echiurids are generally limited to
one palr situsted in the anterior side just postertor to
the mouth, Urechs and Zghiurus have posterior circlets
of setae bosides the anterior pair. In Orechis unjcinctus
there 18 only a single oirclet while in Echiurus gchiurus
there gre tw circlets of setae, The anterior setae of
A« ghaetifera dre distinctly aifferent from the rest of the
gchiuridsy there are tw conspicuous openings plugeed with
muscle pads, Minute spinelets are embedded in this pad.
Similar modifications of setae are found in Acanthobonallia
and Acanthohamingia, In the former ( Memon et al, 1963 )
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there are a number of spines embedded in a single or palred
muscular cushion vhile in A, chagtifera the spines are
fused % form a common base.

j3¢ Coelom

The coelom in I. pirotansis is spacious and
uninterrupteds Thic enables free movement of fluld in the
body cavily, Mesenterial strands radiate fiom the
alimentary canal to the body wsll, At the neck region
these radial strands are thick and emerge from the pharynx
wvhich could be seen in a transverse section as spaces

more or leas fillad up by coanective tissue and coelomic

norpuscles,

Probozcis coalome. A4t the junetion of the proboscis
and body the entire coelom 18 obliterated by connective
tissue and muscle strands except for tw lateral spaces
uhiich continue into the protoscis as the lateral coelomic
channels, The lateral blood vesaals of the proboscis is c'-
located {n these coslomic Spaces ( Fhotoe 4 )e They run
al) along the length of the proboscis to become confluent
at the extreme tip, In L. brevirostpis the general pattemn
of the coclom i8 essentially the same except in the
proboscis where it forms a number of lacunase, The body
coelom 13 continuous, At the region of the pharynx, the
coelom 48 interrupted by the mesenterial strands as in
I1. pirotansis, In the proximal regiom of the probosecis
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the coelom remains as a spacious cavity confined to the
ventral side (Photo.3 )., This cavity soon gets divided
into a nurber of smaller lacunae by bridges of delicate
connective tissue strands (Photo. 8 )« The lateral
coelomic channels are distinguishable as tw spaces
enclosing the lateral blood vessels, This channel extends
into the zill folds where it forms a net work of coelowic
spacas (Photo,3 ), These spaces are absent in the
proboscis of 1. pirotansis ( FPhoto.4 )« In Q. bombayensis
and 0, septemyotum the proboscis has large mmber of
lacunae and conformsto the Listriolobus type ( Photoge9-10).

One can see tw definite trends in echiurids as
far as the dierosition of coelom in the probdoscis 1is

concerneds L. brevirostris and [, pirotansis demonstrate
these two trends, The Listriolobus ( Photos. 2,3 and 8 )

tyre shows a large number of coelomic spaces in the
proboseis and in this pespect it 4s similar to Cchetostoms
and Anelassarhynchus, 0. grythmgrapron has a net work of
very wide lacunae and the ventpal transverse vuscles are
well developed, In Q. pombayonsis the author has observed
a nuwber of coelomic spaces in the proboscis (Photns.d and!9).
In A, branchiorhynchus, at the junction of the proboscis
thore are tw large spaces which are in direct continuation
of the body coelom, These spaces bocome divided into large
number of small compartments. At the tip of the proboscis
these smaller spaces again unite until at the end only a
single space 18 seen ( Prashad, 1919 )« Fisher (1946 )
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stated that the modifications of the proboseis vhich
exhibit a number of gradations in complexity are adaptations
to an ecology in various ways abnormal, a parallel develop.
ment being found in Ochetostoma arkati., In I, neptuni and
Eehinpus gchiurus similar lacunae are found ( Bock 1942 ),
In Urechis unjeinctus a large number of lacunae are
discridbed ( Embleton 1500 ).

The second type as we find in Ikedosoma pirotansis
(Photoes 4 ) has no lacunae in the proboscis and the coslom
i3 confined only to the lateral coelomic channels enclosing
the blood vessels, This condition closely approaches the
Bonellidan proboscis ( Bock 1942 ) , According o DBock
this type of proboscis represents the most advanced stage in

the echiurmidean organization,

It 18 rather difficunlt gt this stage to discuss
the ewlutionary significance of the tw type2 of proboscides
structurao, Prashad described T, Sabinum, I. dendrorhynchus
and T, branchiorhynchus representing a series in the
develomment of gill like structures from mere indentations
on the maprgins of tho proboscis, The lacunae also show
corresponding graduations in their complexities, These are
much larger in A, branchiorhynchus than in A, dendrorhynchus,
In L, brevirostris the lacunae are very extensive, Such
spaces are reported in L. billitonenais and L. pelodes
(Boek 1942 ), But the presence of lacunae in forms without
gills, am in Thalassema, Echiurus and Urechis shows that
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'xchiurids, and the gradation in comnlexities of these
spaccs may be a secondary feature developed in association

wvith the dendritic gill like out growths,

It seems that devalopment of gills are usually
seen in forms which dwell in mud and with short probosecis

incapable of grent prolongation as in some specles of

Aineglassorhynchus, Listriolobus and Ochetostoma.

Mosenteries,. Peritoneum invests all the internal
organs like the alimentary canal, blood vessels, nephridia

and the ventral nerve corde

A definite ventral wesentery is5 running from
the anterior to the posterior emd, The ventral nerve cord
and the vessel are held by this mesentery., This is attached
to the alimentsry canal only in the anterior and posterior
reglonsg.

The alimentary cadal is fixed to the body wall
by numerous mesentorial strands, The insertion of these
strands ape at various levels, Anteriorly, a fixing mesen.
terial strand holds the oesophagesal loop firmly ( Figel3 ).
The anal vesicles are attached to the body throughout by a
number of strands. At the distal end, there is a prominent
well doveloped strand vhich fastens the tip to the body
wall,
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A peculiar speclialization in the maesentery is
noticed in 1, pirotansis, Anteriorly the presiphonal loop
of the intostine i{s invested with a peritoneum, This
peritoneum meets ventrally where it enlarges into sac
~1ike structures. These in their turn are attached to the
ventral mesentery, This specialized mesenterial structure
is an active proliferation centre for the chlorogogen cells,
The chlorogogen cells are numorous and they appear as small

vesicles attached to the wesentery ( Photos 11 )e

Chlorogogen cells.~ The chlorogogen cells are well
developed in relation to the wain hlood vessels, intestinal
peritoneum and the mesenterial stronds, In I, piprotansis
there are special areas for the proliferation of these
cells, Anteriorly in the presiphonal intestine, the
peritoneum {8 very much folded to form sac like strictures.
From these peritoneal folding, chlomgogen cells proliferate
in large numbers, Amother equally importont region for the
proliferation of these cells are the peritoneal lining of
the collateral intestine. These cells are moro or less flask
shaped, their distal ends are rounded with a tapering
proximal end, *hay always contain one or two inclusions of
different shape, some may be rod shaped and yet others may
be spherical bodies. At the site of proliferation one can
see cells in different stages of growth, A fully mature
cell usually hae more inclusions in it than an immature cell,

In L, brevirostris the chloregogen cells are formed



wlt€u

in association with the blood vessels and concentrations
of these cells have not been obServed in any speclalized
area a3 in I, pirotsnsis . I have examined carefully I,
pirotansis and L. brevirostris, The assoclation of
chlorogogoen cells with the dlood vessels and the
collateral intestine 18 a comron feature in the two

specles,

In the presiphonal intestine of I. pirotansis
as already stated, the peritonesl layer gets itself folded
to a great extend, From these foldings chlorogogen cells
bud off ( Fig, 13 ). Fisher (1946 ) in Thalagsema
steinbeckl described intestinal mesentries enclosing
conspicuous subfusiform fleshy masses. He writes
» Poaterior to the region of the siphon, the mesenteries
enclose, or hold, conspicuous yellowishewhite masses,
sometimes subfusiform or in irrogular sheets, vhich remind
one of the suet found in marmals, A squeeze reveals several
sorts of cells, some of which may be immature sperms®, The
mesentrial folds in I. pirotonsis Ty probably of the sare
nature though they are presiphonal 152“ Eosition. Further mo
immature germ cells associated with #8 have been observed.
According to present findings these foldings seem to be

very active centres of proliferation of chlorogogen cells

at least in l. pirotansis,

Opinions differ as %o the function of chlorogogan
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cells. There was no attempt to find out the functions of
the chlorogogen cells in echiurids, although, there is some
information about the probable functions of chlorogogen
cells in annelids., The chlorogogen cells of esrthworms have
been credited with a nutritive function by Schneider (1896)
and Liebman (1926 )s Willem and Mine (1900 ) concluded that
chlorogogen cells absordb waste products from the coelomie
fluide Vacuoles may accumulate and these wmay discharge
their fluid contents into the coelom, which are picked up by
amo obocy tese Stephanson (1930 ) has reviewed the different
views as to the function of chlorogogen ocalls, Cuem>t (1898)
Hosa (1903 ) Joseph (1909 ) Stolte (1922 ) Szuts (1920 ) and
t71llem and Mine (1500 ) attribute an excretory function for
these cells in sarthworme, Needham (1966 ) isolated the
characterstic pigment of chorogogen cells and found 1t to be
a flavin probahly riboflavine According to him the main
funotlion of chlorogogen tissue 18 excretion, though he did
not rule out other function? such as storage and other
hepatie functions, The chlorogogen cells of 1. pirotansis
may be homologus to similar cells found in oligochaetes.
This 13 all the more ovident, since in echiurids and
oligochastes, these cells are prolifersted from the peri.
tonoum covering similar organs such as intestine and blood
vessels, They contain characteristic yeilow pigments

Coelowic inclusions.. The coelomic fluid contains
large number of todies, such as coelomic corpuscles,
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chlorogogen cells snd germ cells,

The coelom is packed with round rulticellularp
vesicles. They are found in different sizes which represent
stages of growth ( Fige 14 )o The smallest one 18 in the
shape of a ball with 3 t 4% nuclel embedded in the reti.
culate cytoplasm, As 1%t grows, the number of nuclei becomes
woree The wall of the vesicle is made up of a reticulate
syncitial mass, which contains, in addition to nuclei, many
other bodies, A slight pressure will break the vesicle and
the reticulato nature ol the vesicular wall becomes more
evident ( Tigse i% and 16 )« The red corpuscles are round
ané they are found in large numbers, Bach of them is having
a nucleus and one or two vacuoles{ Uize 17 )e The amoebo.
oytes are aiso oommon, There are threo types of coelomocytes
in L. brevipostrisy the large eosimophilic corpusocles which
are similar % the red corpuscles of I, pirotansis(Fig.18 )
the basophilic corpuscles and ameobocytes, The author had
the opportunity of examining the corpuscles of O.bombayensis,
0s Septemyotum and A, sabinum, The corpuscles of 2.
boobayensis are similar to L. brevipostpls except for the
presence of multicellular coelomic vesiclas in the former,
The corpusclos of g, Sabinum are petaloid in shape. The
multicellular vestcles are absent, Clusters of basophilic
cells are a cormon foature im both A. gcbinum and
Qs septemyotume The coalomic corpuscles paly a major role
in the phyatology of echiurids and in many cases it {s an
officient substitute for an othervise poorly developed
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vasoular system, In Urechis in the absance of a vascular
syatem the corpnscles play an important role in the
respiratory exchanges ( Fisher 1946 ). In I. pirotansis

mul tinucleate coelomic vesicles are a characteristic featurae,
Theseo vesicles start as a single cell, which gradually grows
to form a large vesicle, Simflar multinucleate vesicles were
desceribed by Cuenot (1900 ) 4in Golfingia vulgaris. The
eosinophilic corpuscles in the different genera, which have
bean exarined show characsteristic differences in their share

and inclusions,
e Alimentary Canal

Generally alimentary canal consists of foregut
presiphonal intestine, siphonal intestine, postsiphonal
intestine and & short reotum. It {p attached to the body
wall throughout by means of wesentsrial strands. These
strands are well developed in the pharymgeal and rectal
roglons ( Figs. 13, 19 and 20 ).

The introductory part of the alimentary canal is
distinguished as a buccal tube, The lateral edges of the
proboscis proximally mset to form a groove which leads into
the buseal tube., The proboseis epithelium is continued into
this part and a section at this place shows no reversal of
museles, thus distinguishing this part clearly from the
pharyrnix whero & revarsal of musclo layers takes place. This
buccal tube &3 firmly attached to the body wall by a number
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of radial muscle strands which vary from 20 to 25, The
radial strands are attached to the circular layer of
muscles of the buecal tuba, The muscles are smoothy the
lmgitudinal muscles lie inside the circular and are
located immediately beneath the epithelial folds. The
epithelium 18 thrown into 12. ik folds. These folds
extend considerably into the lumen of the buccal tube,
The cells are eciliated,columar and are densely packed,
Each cell 12 broader towurds the free end and tapers
towards the basal and. The nuclous is situated at about
the middle of the cell, The epithelium is characterised
by the presence of g large number of glands, These are
more or less elongated oval glands with basophilous
seorotion and open in to the lumen by distinet pores. These
glandular cells are very well comparable with the glands
found in the epithelium of the probvoscis (Fig.21 ).

The buocal tube merges into the pharynz, At this
region the rgdial mosentries are only a few in number and
the coelom s more spaceous. The pharynx 18 a wide tube Yy
to 5 ems in length with muscular walls. This tube appeers
to be dorsoventrally flattened in most of the specimens.

The wall of the pharynx is thick compared with the rest of
the alimentary canal, The longitudinal muscles lies out

side the circular layer. The epithelium of the pharynx and
the buccal tube are similar in 1ts glandular nature (Fig,22),

The oesophagug in 1ts biginning 18 a colled
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structure, and after making 2! coils around a spindle
muscle, becomes straight to make a long loop., Unlike the
pharynx the oesophagus 18 very long. This 18 attached to
the body wall by means of numerous short strandse. The
longitudinal muscles lie outside a thin ecircular layer of
wuscles. The cells are very narrow and longe The nuclel

are situated at the base of the cells, The gland cells are
interspersed in between the supporting cells, In cross.
section the epithelium is sean as papillae like aggregations,
The cells are compactly arranged in this papillae, In
betwean these aggrogations the cells are smaller (Fig. 23 ).

The prointestine is demarcated anteriorly from
the oesophagus by the mesenteric fold and posteriorly by
the ring sinus . It makes two loops bafore 1t is continued
into the mid intestine, A cross.section of prointestine
ghows that the longitudinal rmuscles are internal t0 the
ciroular layer. This arrangement of musclesis distinetly
different from foregut where the longitudinal layer of
muscles lies out side the ciroular, The epithelium 18
couposed of the usual columar type of supporting cells
and large number of glandular cells., These gland cells are
of different sizes, The epithelium shows the different
stages of differentiation of a gland cell from the columnar
cells, A columar caell gradually becomes larger and
accumulates a variety of cell inolusions, The free ands of
these cells becowe broadly rounded and projeot out to the
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lumen prominently from the general surface of the
epithelium, This enlarged part is then nipped off into the
lumen leaving the remaining part intast ( Fig, 24 and
Fhoto, 11 ). The prointestine is post cardiac in

L. brevirostris and characterised by the presence of a

cfliated groove,

The region of transition between the pro.and
pid. Intestine 48 marked by the presence of the vascular
sinus which receives the neuro.intestinal and gives off the
dorsal vessel, The collateral intestine also emerges out
at this point{ Flg, 25 , Photo,12 ). This part of the
intestine 48 a long and convoluted tube and often found %o
contain large awommt of soft mud, The mid-intestine 1s
accompanied by the collateral instestine. The collateral
intestine is covered by & peritoneum, The peritoncal cells
are columar, Internal to the peritoneum there 18 a very
thin layer of circular muscles, The longitudinal bands are
arranged inside the circular layer, The spithelium 4s
rolded, columnar and glanduldr, A ciliated intornal groove
bordered by conspicuous folds on each side 18 & feature
cormonn to the mideintestine and hind.intestine, The
supporting oells of this groove are profusely ailiated,
thus differentiating them from the ordinary intestinal
cells, It 12 interesting to note that a muscular barrier
is absent between the vemtral groove and the ¢ollataral
intestine and the former is separated from the latter only
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by means of a thin connective tissue layer, The collateral
intestine and the mid intestine 1s enclosed by a ocouwmon
peritoneal sheaths On efther side of the collateral
intestine, there 1s a wall mariked groove rumning all aleng
the mid intestine, This groove contains some sort of
connective tissue with large number of spaces, The
significance of this space i1s discussed later. The
opithelium of the collateral intestine is columar and
non.ciliated, Gland cells are absent ( Fige 26 ).

The hind intestine ¢$s the longest part of the
alimentary canal, The collateral intestine is absent but
internally the ciliated groove is present, This groove
abruptly ende at the roctum, vhere the ventral vessel
also merges with the roctal wall, There is practically
no difference in the epitheliun of the mid intestine and
hind intestine. The wall of the hind intestine is very
thin and the faeccal pellets are quite visible from outside.
The muscular layer is composed mostly of circular fibres.

The rectum 18 a short tube and is oxternally
marked off by the termination of the ciliated grooves The
anal vesicles open in to it ventrolaterally. The rectal
wall 18 muscular gnd 1s firmly attached to the body wall
by a number of radial mesenteries { Fige.2? and 28 ) In

L. brevirogtris and 0, geptemyotum, the author has observed
rectal ceaca. The ciliated groove ahruptly ends at the

reoctal caecum,
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The alimentary canal in echiurids 1s genorally
long and eonvoluted forming several loops. Spengel (1879 )
stated that the total length of alimentary canal in
Eghiurus echiurus 4s up to ten times that of the body
vhile Es abyssalis had a comparatively short digestive
tract with few conwvolutions which i3 a rare exception,
(Skorikov (1901 ). Ikeda (1907 ) described the alimentary
canal of lkedosoma glegans. Jameson (1899 ) and Rietsch
(1886 ) gave a fairly detailed account of the alimentary
canal of Thalasgsema, Information about the alimentary
canal of A. branchisrhynchus ( Prashad 1919 ),

Oe bombayensis ( Awati and Leshpande 1966 ) and many other
spacies of echiurids ( Fisher 1946, 1947, 1949 ) clearly
indicate that the digestive tract in echiurids are gencrally
very long and coiled and that they have certain constant and

common feoatures.

In the past there had bean considerable amount
of confusion in the terminology of the different regions of
the alimentary canal, According to Bock (1942 ) it is
possible to make out three clearly differentiated regions
in the gut ; (1) the eotodermal foregut, where the longi.
tudinal muscles 14e out side the eircular layer ,(2) the
endodermal intestine, where the positions of the muscles
are reversed and g (3) terminal reotum, which is again
actodermal having siwilar disposition of muscles as that
of foregut, Fisher (1946 ) however, stated that echiuroids
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do not have a proctodaeum, This way of distinction of the
different regions of the gut is rorphologically sound, but
unfortunately moat of the early descriptions of the
alimentary canal are not based on this character, and
different aunthors distinguished various regions in the

gut of echiurids without any strong morphological basis.
Book (1942 ) brought out the various terms used by
different authors from time to time and according to him
the various torms emrloyed by Ikeda, Wharton and others,

to designate the different parts of the alimentary canal

do not elways have the same meaning as those employed by
Jameson or Embleton, To avoid this difficulty, it is
absolutely necessary to rely on some important morphological
character to distinguish the different parts of the gut,
The present studies on I. pirotansis have led the author

to believe that the reversal of the muscle layer 18 a
dependable character at least to demarcate the foregut from
the intestine, The rectum could be demarcated from the
tntestine by the absence of ciliated groove. A reversal

of muscle 18 not noticed in the rectum. Bock (1942 ) stated

that there 18 a reversal of muscle layers in the rectum

in M_aggg;.l eria.

Ikeda (1504 )} described the alimentary cenal of
Ikedosoms glegans and recognized three parts vize the
pharynx, the oesophagus and the intestine. The pharynx 1is
a muscular tube, 4.3 om, long and in the expty state about
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5 em, wide. The posterior end of it is marked by the
presence of the heart, situated on the dorsal side., The
oesophagus 18 a narrowv tube weasuring 25.30 om. in length...
The intestine forms by far the largest part of the alimentary
ecanal, The transition of the oesophague into the intestine
48 externally marked by the point of origin of the collateral
intestinae, The collateral intestine is a moderately wide
tube , accormpanying the intestine for a length of about

80 cme The posterior part of the intestine exhidbits the
giphonal groove vhich terminates behind in front of the

rectum,
A comparison of the aliwmentary canal of

I, glegans and I, pirotansis is useful in ascertaining the
relationshipe of the two., The most outstanding feature 1is
the position of the heart, which 1s situated between the
pharynx and oesophagus in lI. elepans, but in L. pirotansis
the heart is located between the prointestine and mid.
intestine or in other words, the heart in I, glegans embraces
the ectodermal foregut vhile in I, pirotansis it envelops
the endodermal intestins, It must be recalled that Ikeda
did not distinguish a prointestine in I. elegans anterior to
the siphon, On the other hand, in Ikeds taenioides Ikeda
deseribed a midgut immediately behind the crop. According

to Bock (1942 ) this midgut anterior to the origin of the
collateral intestine and heart, in l. taenjoides may be
homologus to the prointestine, The present avthor also feels
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that the 30 called midgut of 1, taenioides corresponds
to the prointestine, Further, the position of the heart is
also the same in I, taenioides and I, pirotansis, The
presence of a precardiac prointaestine without a clliated

groove in both I, taenfoides and 1. pirotansis 4s not
merely & ooincidence.

The foregut in Cchiurids 48 usually demarcated
into different regions such as pharynx, oesophagus and crop
or glzzard ( Fisher 1946 , 1947 § Ikeda 190y Prashad 1935).
But in a few forms 1ike Ikeds taenjoides and lkedosoma
pirotansis, tha foregut could be distinguished only into
two regions; the pharynx and oesophaguse In Ikedosoma
glogans also no distinet glzzard was observed ( Izeda 150% ).
In all these three forms the oesophagus is very longe

The position of the ring vessel or ring sinus
48 also an important land mark to distinguish the foregut
from midgut, since in most echiurdds, the ring sinus is
situated between the foregut and midgut, Ikedosoma elegans
alone has the ring sinus situatod at the extreme hind end
of the pharynx; while in Ikedosoms pirotinsis , lkeda.
taenioides, arhynchite insmoenus and A. galifcenicus, the
ring sinus is situated between pro end mid intestine. The
prointestine vhich 1s posterior to the ring sinua, may be
called postoardiasprointestine as in Oghetostoma and
Listriolobus § vhen it is anterfor to the ring sinus, it
may be called precardiac prointestine as in Ilkeda taenioides,
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lkedosoma pirotansis and in a few species of Arhynchite.

It 45 an interesting coincidence that a
ciliated groove is absent in the prointestine wvhem it {is
precardiac, and present when the prointestine is postecardiac.
This fact is well established by examining the avallable
descriptions. In L, bhroviorostris the ring vessel 18 between
the foregut and prointestine and the latter has got a well
developed ciliated groove. There are well marked cillated
grooves in Thalassema, Echiurus, Ochetostoma, Listrioleobus,
Anelasgorhynchus and Ligsomyemmag all of them have post.
cardiac prointestine, Ikeda taenjoides, Ikedosoma

pirotangis, and two species of Arhynghite do not have any
ciliated groove in the prointestine, and the prointestine

is precardiac in all these forms,

The collateral intestine is a feature met with
in all echiurids and bonelldds. As indicated above 1t
begins as a clliated groove in a majority of echiurids, while
in 1, pirotansis 1t emerges out from the distal end of the
rrointaestine. The collateral intestine is closaly adhering
to the ventral oiliated groove separated only by wesns of a
thin conneotive tissue, The ecalls bordering this groove
are profusely ciliated, while rest of the intestinal
epithelium 18 non ciliated. Jameson (1899 ) d¢id not see
eilia in tho intestinal epithelium except in the ventral
groove, but he thought 1t may be due to defective state of
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preservation. My observation confirms that the intestinal
epithelium 18 non ciliated oxcept for a short strip in the
ventral groove, In laxmulleria, Doek (1942 ) stated that
the supporting cells of the glyphe carry densely arranged
short oilia, thus contrasting with the ordinary intestinal
apitheliums Robbins (1965 ) described a ciliated groove in
Fogbjuss According to him faecal pellets are propelled
through the intestine to the anns by the ciliary action of
the groove as well as by peristaltic movements of the gut
wall, The romoval of excess of wvater is directly related to
the process of pellet formation and 41t is possible that the
excess of water 1s removed through the collateral intestine,
Awati and Deshpande (1936 ) attributed a respiratory
function for the tubg, though by aollateral intestine they
meant the siphon as well as the mid intestine, Bock (1942 )
also thought ¢that this may be an adaptation comnected with
resplratory and not direotly a digestive function,

5« Blood Vascular System

There is a closed blood vasoular system as in
other echiurids, The blood Vascular system in I, pirotansis
18 constituted by a system of bhlood vessels and Sinuses.
The mwain blood vessels are the dorsal, ventral and
noeurointestinal. The zinuses are the ring sinus and a pair
of ventrolateral sinus ( Figs, 29 and 30 ).
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Dorsal Vessel.. The dorsal vessel is limited only
to the anterior region of the animal, It emerges from the
ring sinus or heart situnated at the junction of the pro.
intestine and wmid.intestine. This vessel in I, pirotansis
is very long, Posteriorly the dorsal vessel lies ventral

to the oesophagus, but it emerges dorsally in the anterior
rogion. It is a very prominent vessel on the dorsal side

of the pharynx (Fig, 13 ). Anteriorly the dorsal vessel
enters the proboseis and runs as a median vessel all
through the length of the proboscis, and is firmly embedded
in the musculoconnective tissue of the proboscis (Photo.k ).

The dorsal vessel has a covering of a peritoneal
layer, Internal to this is a layer of muscle which is
composed mainly of circular fibres, The blood vessel is
1ined internally by a flattened epithelium, This epithelium
shows different stages of the formation of corpuscles, In
L. brevirostris the dorsal vessel energes from the ring
vessel and runs to some distance closely adhering to the
oesophagus as a swollen vessel., Anteriorly it enters the
proboscis as the median vessel of the proboscis. The dorsal
vossal in this case is extromely short ( Dutta Gupta and

Menon 1965 ).

Ventral Vessels. The ventral vessel runs along the nerve
cord, Posteriorly the ventral vessel does not extend to the
end of the nerve cord, but takes an upward bent to merge
imperceptibly on the rectal wall at the reglon where the
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ciliated groove terminates, Anteriorly, at the level of the
interbasal muscle, the ventral vessel divides into two,

one lying below the interbasal and the other above the
interbasal muscle, The vessel lying above the interbasal
muscle can be called as an " accessory ventral vessel®,

Both these vessels continue forward, almost parallel to

each other, At the neck region the ventral vassel bifurcates;
one of these branches rewmnites with "“the accessory ventral
vessel® and the other continues forwvard as the right

lateral proboseis vessels. The left lateral proboscis vessals
takes its origin from the ring formed by the ventral
accessory vessal and the ventral vessel ( Fige 30 )e It 1s
interesting to note that the accessory ventral vessel is
wider and more prominent than the ventral vessel. The
lateral probdoscis vessels are lodged in the coelomic spaces.

The neurointestinal arises from the ventral
vessal and runs posteriorly to some distance along with the
dorsal vaessel. It bifurcates before it opens inte the ring
sinus. In L, brovirostris the nourointestinal aemerges out
as a aingle vessol, but divides into two, one of them lying
bolow, and the other above the interbasal muscle, These two
branches meet and continue as the nourointestinel vessel
which opens into the ring sinus ( Fige. 32 ). The ventral
vessal at the base of the probosois divides into two to
form the lateral proboscis veasels ( Datta Gupta and Memon
1965 )« In other echiurids { Datta et al. 1961 ¢ Datta Gupta
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and Menon 1965 ) the bhlood vascular system 1is mre or

less built in the same plan as in Listriolobus .

Ring Sinus:t. The ring sinus is situated at the junction of
the prointestine and mideintestine, The c¢ollateral intestine
also omerges out from this place. The two vessels that
commmnicate wvith this sac are the dorsal and the neurointoestinal
(Fige 25 ). Posteriorly, ths spacious ring sinus, coon
becomes moreor less obliterated by the closo aprosition of
the peritonocum with the wall of the intestine, 5till a

clear perintestinal sinus could be observed in the mwid.
intestine ( Photo, 13 ). On eithar side of the collateral
intestine, there 1s a conspicuous longitudinal groove. This
18 called the ventrolateral sinus , This sinus comrunicates
with perintestinal sinus anteriorliy, The ventrolateral sinus
18 not an empty space but contains connective tissue net work
with lacunae (Fi1g.26 ), The ring sinus in Le brevirostris

13 situated in between the foregut and prointestine, The

sinus is very spacious,

The lateral and the median vessels of proboseis
show i1dentieal histological peouliarities. Externally the
vessels are covered by a folded epithelium. This epithelium
resembles the peritoneal lining of the alimentary canals
Internal to this, there is a layer formed by circular muscle
fibres and connective tissua, The lumen of the vessel is
l1ined by an endothelium, The dorsal, the ventral and the
neuro.intestinals slso have a peritoneal covering. This
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covaering 1s thrown into a large nurber of folds. These
folds vary in {lieir extent in the different parts of the
vesselse The neurointestinal vessel is covered over by a
thick layer of calls, Similar thickenings of the neuro-
intestinal vessel have been observed in 0, septemyotum.
The ring sinus is lined by cuboidal epithelium aend there

is no indication of any muscle fibres,

Our knowledge about the hlood vascular system of
the echiurids 1s confined only to the main bhlood vessels,
creef (1879 ) described an open vascular systemérie pallasi.
Spengel (18390 ) and Rietsch (1886 ) descridbed the hlood
cystem of Thalassema neptuni. Acocording to Greef, the two
branches of the neurointestinal anastomosis do not form a
simple ring but open into a peri.intestinal sinus, Jameson
(1899 ) did not observe any sinus but a definite ring
vessel in T, neptuni. Brief descriptions of the vasenlar
system are available from the works of Baltzer (1917 )
Ikeda (1907 ) , Prashad (1919 ) , Fisher (19%6 ) and Datta
Gupta and Menon (1965 )« "nique among echiurids is lUrcchis
where a vaseular system 4s complotaly absent (Embleton
1999 ).

The vasoular system in echiurids is built upon
a dofinite plan and the variations are mainly observed in
details. It generally consists of a corsal, a ventral and
a neurointestinal vessel, A4 ring sinus around the
intestine communicates with the dorsal and neurointestinal,
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In the proboscis there are three vessels : two lateral

longitudinal vessels and a median dorsal vessel.

The position of the ring sinus in echiurids
apparently vary in different forms. The ring sinus is
situated dorsally on the hind end of pharynx in lkedosoma
el ogang, According to Ikeda this anterior position of
the heart constituted one of the peculiarities of this
species. In Ikeda taenioides the ring sinus is situated
between tmidgutt ( prointestine ) and intestine proper.
Iicgdosoms pirotansis and Ikeda taenioides are having
j{dentical conditions, In both the dorsal vessel has become
very long due to the shifting of the ring sinus posteriorly,
In Arhynchite spp. the presiphonal intestine 1s very longy
but there is no indication of a ring sinus oxcept in
arhynchite pugettensis (Fisher 1949 ), In Arhynchite the
relation between the dorsal and nourointestinal is similar
to that of Ponellia (Fisher, 1946 ).

Three positions of the ring sinus could be
distinguished in echiurids.
e Mmterior position of the ring sinus between
pharynx and oesophagus as described by Ikeda
in Ikedosoma alegans .
2e Position of the ring sinus between foregut and
midgut as in the majority of echiurids (Figse31

and 32 ).
3o Position of the ring sinus between prointestine
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and mid-intestine as in lkeda tgenioides ,
Ikedosoma pirotansis and Arhymechite
inamoenus ( Mgs. 29 ).

These three conditions could be considered in
elucidating the relationship of echiurics. Apart from the
position of the heart, there are certuin variations
reported as to the nature of the heart. Two types of
structures are described (1) a ring sinus and (2);ar1ng
vessel, In Thalagssema neptuni, Jameson (1899 ) described

a olear ring vessel, But in most echiurids a ring sinus

1s described,

A number of variations are reported in the
neurointestinal and other vessals which gmerge from the
ventral vessael. In most echiurids the ventral vessel
bifurcates at the base of the proboseis and continuesin
the probosecis as lateral proboscis vessel., Most workers
have deseribed a neuro.intestinal emereing from the
ventral vessel which forms a loop around the interbasal
muscle before 1t joins the ring sinus. In Listriolobus
brevirostris the ventral vessal gives rise to a branch
which soon bifurcates , of which one 1ies below, snd the
other above the interbasal muscle ( Datta Gunta and
Menon, 1965 ). These meet again %o continue as the
neurointestinal, Prashad (1919 ) described the neuro.

intestinal vessel in A. branchiorhynchus forming a ring
around the oesophagusy he called it the ‘muscle ring!
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after spengel . Jameson (1890 ) in T.noptuni stated that
the two 1limbs of the 'muscle ring! generally open separately
into the ventral vessel, but some times unite first into a
single vessel, In Cehiurus echiurus alaskanus Pisher (1946 )
observed that the neurointestinal connective results from
the branching of the dorsal vessel at the biginning of
intestine by which the neurointestinal ring is formed. He
further stated that this connective branches again to form
the muscle ring before mwerging broadly with the ventral
vessels In Ochetostoma edax (iiaher, 1946 ) a branch of the
vontral vessel forms a 1oop around the interbasal muscle and
continues as paired neurointestinal, In L., pelodes the
nsurointestinal makes a loop around the interbasal muscles,
Thus in a majority of echiurids the neurointestinal wmakes a
loop around the interbasal muscle hefore it drains in to

ring vessel,

In A, moebl the neurointestinal emerges as palred
tubes frow the ventral vessel and opens separately in the
ring sinus, In A, loborhynchus, the neurointestinal emerges
a8 a single vessel and open Sepaprately in the ring sinus.

In these two forms interbasal muscles are absent (Datta
Gupta and Menon, 1965 )« The ouly information about
lkodosoma glegans is that the neurointestinal arises from
the ventral median point of the ring sinus which surrounds
the extreme hind end of pharynx, However, an interbasal
muscle 1s absent in Ikedosoma elegunse The exaeptions to
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this general rule are afforded by Analassorhynchus abyssalis .
Fisher (1946 ) Listriolobus hexamyotus (Fisher 1945 ),’
arhynchite inamoenus and lkodosoma pirotansis. In 4,
abyssalis the vascular system is characterised by the
"absence of any relation with the interbasal muscle of

setao and the absence of a direct well marked ring vessel®,

In I, pirotansis the neuro.intestinal takes its origin far
behind the interbasel wusele , In Arhynchite the neurointes.
tinal has a palred origin but does mot form a loop. around

the interbasal muscle.

Thus in 3 majority of echiurids the neurointestinal
18 assoclated with the interbasal muscle, and in a few
genera, the nsurointestinal does not take part in the
formation of the interbasal loop, Further, the neuro.
intestinal takes i1ts origin by a palred vessel which unites
together to form the muscle ring, while in a few forms The
neurointestinal takes 41ts origin by a single vessel,

The association of neurointestinal with the
interbasal muscle is probably a characteristic feature of
echiurids since it 1s found in a majority of them, The
deviation from the normal pattern as in Ikedosoma pirotansis,
lkeda taenjoides, Arhynchite inamoenus , Anelassorhynchus
abyssalis and Listriolobus hexamyotus must be considered as
interasting exceptions, However, in Arhynchite arhynchite
( Ikeda ), the neurointestinal does take part in the
formation of the interbasal lcop, These inBtances show that
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the neurointestinal and 1ts use in taxonomy would very well

be considered but for the exceptions stated aboves

The ventral vessel in I, pirotansis gives rise
to an accessory vessael lying above the interbasal muscle.
After a short distance this vessel rejoins the ventral
vessel: at the base of the probtoscis and from this junetion
is given off one of the lateral proboscis vessals (Fige.30 ).
Sueh (.~ accessory ventral vessel a;.v-""not observed in echiurids
other than I. pirotansis though zl;:y H;O usually present in
bonellids, Ikeda (1905 ) described a similar vessel in
Protobonellia mitsukuri. In Zonallia virdis such an accessory
vessal 18 present (Fisher 1946 ). Jose (1964 ), however, did

not observe an accessory vessel in Acanthobonellia
E;rﬂtﬁ!}ﬂiﬁ.

The presence of an accessory ventral vessel
probably adds to the efficiency of the oirculation in the
anterior reglon. The proboscis of I, pirotansis 1s very long
and 1s capable of great elongation, When the proboscis
contraetsy there will be a great rush of blood through the
lateral vessels, It 18 possible a major part of this blood
i9 drained to the ventral side through this accessory vessel,
Of course, a part of the aerated hlood always goes to the
ventral vessel directly from the lateral proboscls vessel.
The superimposition of an additional vessel increases the
drainage capacity at this region, where the rush of blood
s great due to frequent contraotion and expansion of the
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The ventral vessel in all echiurids run along

the ventral nerve cord, and posteriorly merge with either

the rectal caecum or the rectal wall, In I, pirotansis the
ventral vessel gives rise to 3 vessels to the rectal wall,
In L. brevirostris there i1s a prominent rectal caecum to

which extends the ventral blood vessel, The same condition
prevails in J. edax, O Qctomyotum and I, steinbecki

( Fisher, 1946 ). In A. branchiorhynchus ( Prashad 1913 )

the ventral vessel ends blindly at the posterior end.

The ring sinus in I, pirotansis is probably not
a propulsive organ, It is more iikely a reservoir shich
collects the blood from variocus sourcese. The muscular dorsal
vessel probably propels the blood forward to the proboseis.
The lateral proboscis vessels are contractile since thoy
are provided with muscles.

Embleton (1899 ) stated that there may be some
corelation between tho development of the blood vasoular
system and the proboscise According to him, in the adult 1t
functions less as a circulatory system than as a hydraulic
apparatus for expanding the proboscis. The complete absence
of a vagocular system in Urechis upjcinctus is oo:felated with
extreme reduction of tho prohoscis, Bock (1942 ) also was
of the same opinion. Prashad (1919 ) desecribed a number of
Anelgssorhynehus species with proboscides provided with
dendritic gill-like outgrowths, He believed that the
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proboseis in A. hranchiorhynchus and other related species
18 respiratory in function. Bmbleton (1900 ) ,however,
was doubtful as to wvhether so important a function as that
of respiration could be assigned to a structure which is
likely to be thrown out completely at the slightest
provocation, He regarded the vascular system of echiurids
to be essentlally a hydraulic apparatus and compared this
system with tentacular cystem of Sipunculeidea. In
sipunculoids the tentacular system acts as compensation sacs
for the tentacles, recoiving the fluid from the latter when
they contract and sending it to the tentacles whan they
expande Thus the whole system is subservient to the tentacles.
No communication of this system with the coelom was observed
though the coelomocytes aro found $¢n them, It 45 not clear
how the coalomooytes penetrate into the sacs. At present
there seems to bo no evidence to homologise tho tentacular
gystem to the vascular system of echiurids. The echiurids,
on the other hand hawysa vascular system as in ennelids but
profoundly modified, Bock {1942 ) even tried to compare the
newrd.intestinal complex to one of the commissural vessels
of annelids. The vascular system is better developed in the
anterior region and 19 wade in such a way that a large
amount of blood {s alwaye propelled to the proboscis. The
propulsion of the blood into the proboseis expands this organ,
Simultaneously, the coelomic fluid also rushes to the lateral
coalomic spaces of the proboscis, The coelomic fluid 1s
probably aerated in the proboscis. The blood vessal which
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coalomic fiuld, The blood is probably aerated by the
coelomic fluid, The blood flows into the proboseis through
the dorsal vessel and returns into the ventral through the
lateral vessels of the proboseis, If the circulation is
controlled by the expansien and contraction of the
proboscis then, there should be a back and forth movement
of blood in all the vessels but in echiurids the blood
flows forward inthe dorsal vessel while in the ventral
vessel it 18 revorse, Thug,it 1s highly improbable that
the vascular system in echiurids functionsin the same way
as the compensation sac of the sipunculoids., There is no
doudbt 1t may assist in the working of the proboscis but
at the same time it may have other functions. The ventral
vessel is extending from the anterior to the posterior
side and the blood i3 slways flowing back, Therecodarse of
circulation in echiurids has not been properly explained.
Prashad writes (1909 p. 333 ) 'the course of the blood in
this system cannot be definitaly understood with the
present state of our knowledge of these forms”, It 1s
generally believed that blood flows from ring sinus to the
dorsal vessel, Frow the Gorsal vessel it flowe into the
lateral proboscis vessel which drains into the ventral,
From the ventral vessel a part of the hlood 1s drawn info

the ring sinus. through neurointestinal thus completing a
oircuit anteriorly., But the course of blood flowing back
through ventral vessel 1s not clearly understood, I am not
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aware of an answer to this point of circulatory system,

¥y studies on 1. pirotansis reveal that there 1s a peri.
intestinal sinus around the alimentary canal in the
anterior reglon of the intestine, This peri-intestinal
sinus or ring sinus 1s obliterated to a groat extent
posteriorly except for two ventral sinuses in the wall of
the intestine. This ventral sinus runs on either side of
the collateral intestine and is in communication with the
ring sinue anteriorly., It is ralevent to recall that a
ciliated groove or siphon always start from the region of
the ring sinus, In I, pirotansis the ventral vaessal divides
into three or four bpanchas before it merges with the
rectal walle It 18 possible that the blood flowing through
the vemtral vessel finds 1ts way back to the ring sinus
through the system of sinuses which lie on either side of
the siphon, I am not sure that this 1s the state in other
echiurids, There are occasional references to the presence
of peri-intestinal sinus in echiurids, Rettsch (1886 )
described a pori.intestinal sinus in Thalassema noptuni
and Jatoson (1899 ) described, "traces of sinus in the
intestine proper vtehind the preintestinal constriction
and consequently behind tho blood vascular rings

6e servous System

The nervous syetem of I, pirotansis has the same
arrangement a8 found in other echiurids. It consists of a

vantral nerve cord ( Fig,5 ) rumning frow the anterior
region to the posterior end, The ventral vessel also adheres
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to t1%. Large number of latersl nerves are given off from
the ventral nerve cord to the body wall. These nerves do
not show any segmental arrangement, but are given off at

irregular intervals, Ganglionic swellings are entirely
absent ( Fig, 33 ),

The ventral nerve cord bifurcates at the region
of the junction of the proboscis ( Mgs. 3% and 35 ) and
bodye. This part of the nerve cord is thicker as compared to
the rest of the cords The tw fperipharyngeal! nerves enter
the proboscis and continue as the lateral nerves of the

proboselis. These two nerves meet at the anterior end to form

the 'peripharyngeal ring'e.

The ventral nerve cord appears to be single, but
in sections there is a conspicuous dorsal grooves The nerve
cells are found more towards the ventro.lateral regions The
detalled histology of the nerves could not be mada, since
tissues were not fixed for neurological studies, In the
proboscls the lateral nerve cord gives rise to transverse
branches which innervate the margin of the proboscis. Along
the lateral margins of the proboseis are observed a number
of sensory cells, These cells are very similar to those
observed in the prostomium of sarthworms ( Menon and

Sudarshan 1966 wpublished ),

Prashad (1919 ) considered the proboscis as an
elongated prostomium. He stated that the supra-cesophageal
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ganglion of the earth worm is further shifted far forward
in the echiurids and the two lateral nerves are the very
much elongated cirecum oesophageal eonnectiveswhile the
triangular area from which the nerves arise 1s the sub
oesophageal ganglion, Gmbleton (1900 ) deseribed in some
detail the nervous system of Urechis unicinctus., He
described a 'ocentral canal' in the ventral nerve and
compared with the glant fibres of the earthworm, Greef
(1879 ) also had referred to this central canal in
Zehiurus echiurugs, The gross morphology of the nervous
system 1s almost {dentical in different echiurids. The main
nerves are accompanied throughout tt;arlmgth by blood
vessels, the ventral nerve cord by the ventral vessel and
the lateral nerve cord by the proboscideal lateral vessels,

7. Segmental Orpgans

The segmental organs of echiurids are the
anterior nephridia, which act as gonoducts and tho enal
vesicles, vhich are mainly exaretory in function, The
anterior segmental organs of 1. pirotansis are constituted
by 8 to 20 pairs of nephridia ( Fige 13 )e They are
arranged on either side of the nerve cord and open externally
by nephridiopores sitnated on efther side of the mid -
ventral line of the body. All ths nephridle are post setal
in position and the last pair of the series is situated at
the lovel of the ring sinus, Internally a single nephrid{un
communicates with the coalom by an apical cilliated fumnel,
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The lips of the funnel are petalold (Fig. 36 ). Zach organ
represents a long necked flask with a terminal opening, The
length of nephridia may vary from 4.6 mms, Three regions
could be distinguished, a short nephridial duct, which

opens out by nephridiopores, a sac like middle reglon and

an apical funnel, The sac-like middle region 18 usually
f£i1lled with eggs ( Photo. 16 )e The first pair of nephridia
13 usudlly undisturbed. Some of the posterior members of the
segmental series show a definite tendency towards an
a’symmetrical arrangement. This alsymmetry is expressed in
tw ways «(a) Two nephridia may be present dn the right side,
while on the lef't side on the corresponding place, there may
be only one organ (b) one nephridiummay be present on the
right side, while on the left side there may be none or

vice versa ( Table I ), I have examined a number of Specimens
and found the total number of nephridia on the right and
left side are not always equal, As a rule tho number of
nephridia 13 more 4n larger Specimens than in the smaller.
It i3 obvious that new nephridia are added during the growth
of the animal, The nephridiopores are very prominent externally
and open on the summit of well pronounced body papilla.

The fimnel of the nephridium is more or less
flower shaped and i1t leads to the nesk. The neck of the
nephridia 13 thicker than the sac, Externally there 1s a
layer of peritonoum , The cells are colurnar, Beneath the
epidermia there are two layers of muscles (Figs.37 and 38).
The nephridial duct is very short and muscular, Internally



Table I

The table showing the arrangement of nephridia

Specimen I opecimen 2 Tpecimen 3 Cpecimen &
lenpgth 1] ems length 16 em. lenpth cm length W9 om,

L R L R L R L R

1 1 0 1 1 1 1 1 1
I 1 2 2 1 1 1 1 1
111 2 1 1 1 1 2 1 0
Iv 0 1 1 1 1 1 1 1
v 1 1 1 o) 1 2 2 1
VI 1 1 2 1 1 0 1
(291 2 2 0 1 1 1 1 2
VIIX 1 1 1 1 1 1
IX 1 o] 1 1 | 2
1 1 1 1 1 1

X1 0 1 1 1 1 1
XI1 1 1 o) 1
XIIT | 1 1 =
) o8 1 1 1 1
XV 1 ) | 2
XvVI 0 1 0 1
XVII 1 0 1 1
XVIIX 1 0 1 0
LIX o 2 1 1
XX 1 0 1 1
XXI 1 0 1 0
XXI1 1 0
XXI11 0 0

ML AR R TR P R P PR R R R R R e e T T T R Bl Bl B Bk St dadh Sl il Bl B

Total 7 8 11 10 19 19 €0 <0
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there i3 a layer of folded epithelial cells. The cells are
columar, Immediately beneath the epidermis 1s a circular
layer of muscles., The longitudinal muscle lies out side
the circular ( Fige 39 )« The muscle layers of the
nephridiel duct @ve very similar to the male sac in
Acanthobonellis vulgaris 4in vhich this structure is
formed as an in}agipation of the body wall, The c¢circular

v
layer of muscles +»« more pronounced than the longitudinal.

The sac 13 thin walled.

The anterior nephridia of other Indian echiurids
are basically different from I, pirotansis. In Lg

brevirostris there are only tw pairs of segmental organs.
They are long anc tubular organs extending upto 1/3 the

l1ength of the body, It is always filled with genital
products (Fige 40 ). The distal end of the nephridium is
blind and the nephrostome 18 situated at tho base of the
organe In O, formosulum, the nephridia are two pairs with
colled 1ips attached to the lateral nephrostomes The
nephridia in 0, septemyotum are similar to 2. formosulum,
In A. sabinum andg Ae chaetifera there are two pairs of
nephridia with coiled 1ips ( Datta Gupta et als 1963 )e

Ae loborhynchus has five nephridia , three on the right
and two on the left ( Datta Gupta and Memon 1965 )e In all
these forms the lateral 1lips of the nephrostome are drawn
into a pair of long or short spirally coiled filaments,
These are intricately intertwined and ane very conspicuous
struoturesin the ooelomic cavity. ‘Jkt’jeramir,y enormously
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and arc dn contact with all the organs in the coelom, The coiled
filaments collect the eggs floating in the coelom and direct
them towards the nephrostome, The eggs travel - along the
ciliated groove of the filaments, The mechanism of picking up
the germ cells 1s not understood. In Ikedosma gogshimenze,
there are only three pairs of long tubular nephridia situated

behind the setae, The nephrostomes are at the base forwarded
with spirally coiled lipse.

The anal vesicles are a pair of thin walled sac each
one projecting from the lateral walls of the rectum. They are
ljong and measure about 5 to 8 cms, The surface of the sac s
beset with large number of slender tubules with a cilliated
funnal at the tip. These tubules open into the vesicle . The
vesicle 1tself is closaly held to the body wall throughout by
meang of short mesentrial strands., Most of the tubules open
directly into the vesicle (Figs 20 ), A few tubules undergo
gsecondary branching (Fig.41). The long tubules arising from the
distal part of the vesiele give rise to five or six secondary
branchess The tubules which directly open into the central
canal may be called the primary tubules ( Photo. 14 ).
Branching tubules in the anal vesicle were not observed in
other echiurids, though 4t 1s the usual condition in bonellids
( Menon et al. 1964 ). Externally the vesicle has a covering
of circular muscles, The longitudinal fibres are arranged in
groups internal to the circular layer. The epithelial layer

is formed by tall columnar cells which are more or less
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irregularly arranged { Fig. 42 ), The cells are granular .
The ciliated funnel of the tubule has essentially the same
structure as that of the tsrminal funnel of the nephridia
except that these are smaller and numerous . The funnel 1is
lined by tall ciliated columar cells ( Fig.43 ). The
tubules have a delicate lining of circular muscle fibres,
Internally they are lined by colummar cells({ Fige. 4% ). The
anal vesicles of L, breviorstris are in the form of tw
elongated sacs., These saes are hroad at the base and distally
taper. into a fine fllament, Only sessile funnels are
found which are comparatively few in number ( Datta Gupta

and Manon 1965 ).

The segmental organs of echiurids are usually one
or more pairs of anterior nephridia and a palr of posterior
anal vesicles. The number, disposition and morphology of
these seguental organs vary in different genera, and 'avc -

the ro3t important reliable characters in elucidating the
relationship of the different genera of echiurids, The
anterior nephridia ere usually situated bshind the ventral
setaes But in many species of Oghetostoma and Anelagsorhynchus
a palr or more is found presetally. In most of the genera the
presetal pair 13 absent. The number of nephridia also varies
within a genuss They are two to three pairs in Bchiurus,
Urechis, Ihalassewa, Anelassorhynchus , Listriolobus and
Lissomyemma ( Jameson, 1899, Lmbleton, 1900, Prashad, 1919 a
and 1919b, 1920, 1935, Fisher, 1946, Datta Gupta ot al, 1963,
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Datta Gupta and Manon, 1965 ). An increased number of thase
organs wo4 reported in some spenies of Uchetostoma,

( Stephen and Robertson, 1952, Prashad, 1929, Datta Gupta end
Menon, 1961 ), lkedosoma ( Ikeda 1927 ) s Eenon and Datta
Cupta, 1962 ) and Ikeda ( Ikeda, 1997 ). In O, zanzibarense
there are seven pairs of nephridia while in 0., hornelll
there are five pairs., In I, elegans the segmental organs
present some very remarkable points, though taken singly
they are of the ordinary typo of structure, Each organ
represente a conspicuous sac of an elongate shape tapering
towards the inner end, The internal opening present at the
base 1is provided with two ralatively short spiral lobes.
Numerieally the nephridia are far less in number in I, eole@gans
as compared with Ikeda taeniojdes and Ikedosoma pirotansis .
Moreover, the number varies with individuals and occasionally
also with sex. In I, elegans 1t ranges from 13-27 arranged in
alx or seven groups, From Ikeda's table showing the arrange-
ment of nephridia, it is clear that they are in six or seven
groups in each side, a group some times containing one,

two or three nephridia, In a single female specimen Ikeda
reported seven nephridia on the right and six on the left
side making a total of thirteen, As mantioned above in
Ochetostoma zanzibarense thare are up to 14 nephridia
arranged in seven pairs. The significent difference of

I. glegans from O, zanzibarense 418 that in the former there
1s a tendency to develop supernumerary pairs of nephridis
which leads to the formation of groups of nephridia per
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segmenty which varies individually, Thus in the female
specimen, there is hardly any grouping, though it shous an
asymmetry 1in the arrangement, Such asymmetry is not
unknown in other echiurids. Unpaired nephridia havebeen
found earlier in Thalassema neptuni ( Stewart, 1900 ). In
Ae loborhynchus there are altogether 5 nephridia of which 3
are on the left side and 2 on the right ( Datta Gupta and
Menon 1965 ). Basically I. glegans and O, zanzibarense
have the same plan 1,8, 7 groups or pairs of nephridia,
¥oreover, the nephridia are typically of the echiurid type
4n which the lateral lips of nephrostome are extended to
form long spirally coiled filaments., This condition 1s in
faet found in all echiurids except I, pirotangis and Ikeds

wharton (1913 ) established the genus lkeda for
T. taenioddes because it has a peculiar typo of simple tube
1ike gonoduct unknown ti1ll recently in othaer echiurids. They
wore found in incredible numbers ¢n the above mentioned
speciase Bock (1942 ) considered the presence of simple tube
like gonoducts with apieal ciliated funnels as an atavistic
feature in the highly specialised I. taenioides . Ikeda (1997)
suggested that the pairwise or pseudopatr-wise arrangement of
nephridia in other echiurids might have been derived from
the condition obtaining in Ikeds taenjotdes in which the
organs in question occur crowsded together without apparent
order. He further considered that l. slepans represented an
intermediate stage between I, taenjoides and other echiurids
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vith respect to the number and mode of arrangement of segmental
organs, Goodrich (1945 ) stated that in 1, taenioides each
organ has a simple tubular canal ending in a wide open canal,
That these gonoducts are not simwply metanephridia can hardly
be doubted; on the other hand it i¢s highly probable that they
are nephromixia possibly strictly howologous with the
mixonephridia in Polychaeta. Baltzer (1926 ) recorded that

in Bonellia the fumnel develops as an outgrowth of the
coelomic epithelium, This fact is considered as strong
evidence that 4%t is a coelomostome®,

The discovery of simple tube like nephridia in
1. pirotansis has brought in new facts as to the possible
evolutionary trends {n the anterior nephridia. 1t must be
stated here that in I. pirotansis there are about 8 to 20
peirs of simple tube.like nephridia with apical funnels, and
that there is no tendency of overcrowding as in I.tgenfoides.
Thus, it represents a much more simple condition
than in 1. taenfoides. At the same time there 18 no doubt,
that in both these forms these orgasns are of the same type,
though in I, taenioides these organs are in large numbers,
two hundred or mwore. The multiplieation of the segmental
organs as we find in I, elegans and I, taenjoides may not
indicate any immediate relationship between the two and the
former may not represent a stage in between I. taenioides
and other echiurids as claimed by Ikeda (19507 ). This is
evident, because the segmental organs in these two genera
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are fundamentally of differont types. On the other hand
1t 18 more probable that the supernumerary number of
secmental organs of L. taenioldes i3 derived from some
form 1ike I, pirotansis i¢n which they occur in pairs,

The developrent of many nephridia in a sesment is not
unusual in annelids, Goodrich (1945 ) made the following
statement in connection with the meronephridia of
0ligochaeta; “there can be little doubt that the condition
wvith many nephridia per segment has been secondarily
derived from an original distribution of only one pair of
metanephridia in every segment as in other oligochaeta®,
Probably a multiplication of tho nephridia has taken place
in various families and genera independently and perhaps
not always in exactly the same way, But it may at once be
stated that multiplication is by growth, some sort of
budding and subdivision of the primary paired nephridia
ei ther in embryonic or in latzer stages. A similar
process might have taken place in schiurids, along two
paraellel lines one culminating into the 1. glogans

condi tion, while the other attaining the I. taenioides
condition, The pair-wise arrangement of the nephridia in
the female specimen of I. elepans 1s not very different
from Ochetostoma zanzibarense . In Ikedosoma gogoshimensg
there are only three pairsof nephridia reminding the
Oghatostoma pattern, Ikeda taenioides condition can be
derived from some form similar to Ikedosomwa pirotansis
with simple tube.like gonoductss
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It is a feature without exception that vhenever
the nephrostome 1s at the base, the lateral 1lips of the
nephrostome are unsqual or they are elongated to form
long filaments, Bock (1942 ) considered the Ochetostoma
pattern with lashalike filaments or lobes representing
a primitive feature from which the Thalagssema conditions
could be derived, lie further claimed that with a diminished
number of segmental organs the size of the egg seems to
increase and the spirally coiled filaments tend to
disappeare In L, brevirostris the eggs are very small and
numerous and their filaments are very long and form a
labrynthine net work entangling all the organs in the
coeloms It 13 presumable that the eggs are gathered by
these filaments and directed to the nephridia, where they
are stored. The reduction of the number of nephridia may
have only a remote relationship with the size of eggs,
becausse in I, pirotansis the eggs are larger than
Le brevirostris or Ochotostoma species.

inal vesioles are the excretory organs. There
is considerable controversy as to the homology of this
structures Goodrich (1545 ) based on the observations of
Hatschek (1880 ) Salensky (1905 ) and Baltzer (1917 )
concluded that part of the anal sac is coelomesoblastic
in origin and the apical furnel develops as an outgrowth
of the coelomic epitholium, Goodrich (1945 ) stated that

the anal sa03 are of the same nature as the gonoducts
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el ther coelomoducts or nephromixia. According to Goodrich,

jaltzer's (1917 ) view that the anal vesicle represmts
neither the metanephridium nor the gonoduct of the female
seemshardly justified, The anal vesiclesof l. pirotansgis

ts more akin to the Maxmulleria type where these organs
project like two thin walled sacs form the lateral sides

of the rectum and are richly beset with densely aggregated
tubules. Bock (1942 ) in Maxmulleria reported branching of
the tubuless In the anterior half of the anal vesicles of
1. pirotansis similar branching of the tubules are observed,
Herdwan (1897 ) said that the tubules are never branched in
Maxmulleria, Branching tubules are a characteristic feature
of the anal vesicles of bonnelids, Thus the anal vesicles
of L. pirotansis deviate considerahbly from I, and
other echiurids. In I, glegans the anal vesicles are long
and conspicuous tubular organe provided with shor$ stalked

runnel S.

8. Reproductive Organs

The desoription of the reproductive system 19
based only on the females gsince I have not come across a
male specimen inspite of vigllent search. About fifty
specimens were examined during the last four years. It 1s
Just possible that the males may look quite different from
the femles as in some bonellids, DBut an examination of
the coelomic fluid, nephridia, and pharynx, did not yield

any clue,
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The ovaries are not of definite form and the ogcytes
are proliferated from the peritoneal lining of the posterior
region of the ventral nerve cord{ Photo. 15 ). The coelomic
fluid contains large number of egg cells, In the earlier
stages the peritonesl cells at the proliferation centre are
small containing rounded nuclei, The destined ogg cell grows
in size at the expense of the surrounding peritoneal cells,
wvhen the egg has attained about 40. 43 u diameter it gets
detached from the mesentary and floats fresly in the coelomic
fiuid with the characteristic cap of nurse cells { Fige 45 ).
The nurse cells are columar and are arranpged radially,
converging to the centre. In the immature epgs the nurse
cells are larger, but they start dwindling with the growth of
eggse The groving egg receives its nourishment frow the nurse
calls by a prominent tubular outgrowth of the egg which
panetrates into a vesiele to which the nurse cells drain
their contents ( Figs, W6, 47, 48 ). Tho eggs with detached
cap of cells floating in the coclom measured 300/u to H50 .
The floating eggs in the coelom aro collected by the cillated
funnels and are conducted to the nephridial ssc through the
neck of the nephridia. The eggs which are stored in the
nephridia vary in size ( Fhoto, 16 ). Rach egg is provided
with a thin egg membrane. The eggs collected from the body
flutd and the nephridia showed considerable shrinkage of
their membrane during dehydration, An egg is provided with
a rounded germinal vesiele of about 70 m in diameter. There

is a ocircumuolear zone ( yolk.nuoleus in other ooccytes ) of
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about 29 n thickness{ Photos, 17 , 18 ). This circumuelear
zone 18 intensely fuchsinophily eosinophil and pyroninophil

( negative after ribonuclease control ) trichloroacetic

acid and perchloric acid and poaitive to Hg-BPD and PAS

( negative after acetylation and positive after KOH reversal)
and slightly positive to Sudan black B, The above reactions
reveal tho presence of proteins, RNA, carbohydrates and some

1ipids in the circurmuclear szone ( Fige 48 )e

The cytoplasm of a ripe egg obtained from the
nephridia 18 full of yolk globules both of fatty and proteinous
pature, The largest fatty yolk globule observed measures
about 25 e They are intensely positive to Sudan black B,
Sudan III end IV and eolour pink in Nile bhlue sulphates, This
reveals the presence of triglycerides in the fatty yolk

glOblllGG ( Fige 49 )a

The protein yolk globules remain small in size than
the fatty yolk globules, These globules are intensaly
stained in Delafield haematoxylin and are intensely positive
to HNg-BPB, alkaline fast green and PAS ( negative after.
acetylation and positive after KOH reversal ) . They are
intensely pyroninophil ( negative after salivary ribonuclease,
trichloroacetic acid and perchloric acid treatments ).

The above reactions reveal the presence of basic

proteins, carbohydrates and RVA in the protein yolk globulaes,

In addition to fatty aend protein yolk globules there
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are present granules amongst the fatty and protein yolk
globuless These granules show intensse reaction for RNA,
carbohydrates and basic proteins ( Mg, 49 ).

Coelomic fluid of L. brevirostris, I. neptunt,
Qs Secptomyotum and Acanthobonellis vulgaris were also
examineds The cap of nurse cells was found to be absent
in L. brevirostris ( Fige 50 ) and Ts neptuni, while 1t was
present in Acanthobonellia vulgaris ( Fig. 52 ) « The nurse
cells of Ae Vulparis are larger in number than in
I. pirotansis. The eggs arc attached to the cap of nurse
cells by a prominent tubular outgrowth as in I, piratanais.
In Maxmullerig on the other hand the eggs are devold of
the ocap of nurse calls and according to Bock the presance of
nurse cells is one of the characteristic features in
Bonellids., The present study shows that nurse cells may be
present in echlurids as well as bonellids. The osocytes of
Le brevirostris are proliferated from the peritoneal lining
along the ventral nerve cord, and there is no localised area
as seen in 1, pirotansis. The eggs are much swaller than the
eggs of 1. plrotansis ( Figs. 5 s 51 )+ The eggs measured
250 4 to 350 me The fully formed eggs were stored in the
sa¢ like nephridtia, In O« septepyotum the eggs are provided
with nurse cells ( Fig. 53 )s In T, neptuni groups of
oocytes of varying sizes are found floating in the coalom,
They are most liksly detached from the centre of prolifera.

tion, Bach cluster contains 7.15 oocytes.
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Bock (1942 ) stressed that with a dimtnished
number of segmental organs, the size of egzs geems to
inerease. He cited the following examples. I. billitonense
( 3 pairs ) the eggs measure 120 my, I, mellita (3 pairs )
80 ng in Urechis caupo ( 3 pairs ) 115-180 a3 T neptuni
( 2 patrs ) 150 my M. gigas ( one pair ) 0.40 mms
De yiridis ( one ) O.45 mmy Protobonellis $jimat ( one )
Oek5 mmy Hamingia arctica ( one ) 800 m; Urechis ghilensis
( 3 pairs ) 150 my Ee gchiurus ( 2 pairs ) 270 ne These
observations are no doubt':. suggestive but in I. pirotansis
with 20 or more segmental organs the egps are as large as
450 n or moree It i3 not always true that the eggs become
smaller when the segmental organs are more in numbar.
However, there appesrs to be a correlation between the

spiral 1ips of the nephrostome and size of eggse
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SYSTEMATIC POSITION AND INTER-RELATIONSHIPS OF 1,PIROTANSIS



CiAFTER IV
SYSTE ATIC 31110 AD IUTER-RELATIONSHIPS

OF I2D0SOMA PIROTANSIS
Iligdogomy virotansis was £irst deseribed Wy Menon

and Datta Gupta ( 19G2 ), Subsequent studics on thesc aninals
revealed that thay exhibit a large nunber of interesting
features, and that they diverge in a large way from [, glezang.
furtherydt was felt that Ikedogoma pirotansig,cannot ‘be
included under the cenus Jkedosomg, This genus was creeatoed

by Bock to rshabilitate T.glezans 1in which the nephridia
vere arrenged in groups, I consider that J, clepans 48

rclated nore to Qchefogtoma than any cther genera of
echiiurids,in a mumber of ways, The body wall is distinctly of

]

the_Oghotostoma type, The longitudinal muscles are gathered into
ten Eundlas. Ikeda ( 1804 ) writes ® All the longitudinal lines !
visible on tho outside exeepting the one which runs in the mid
ventral line and i1s superposed by the nerve cord,appoar on

the inner surface of the body wall as slightly elevated,

narrow ridges or thicl:anings of the longitudinal lsyer, In the
ten zones scparatoed from one another ty the above lines,tho
circuler mvacle filres form more or less regularly arranged
transverse bundles", This deseription 1s strongly suggestive

of 1ts ainilarity with Qchotostomp where an identical corxlition
exists, The anterior nephridia also resemble the Ochotogtoug
type, They are provided with 7 pairs or patred groups of
nephridia, Thos¢ nophridia are provided with lateral lips,
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Asyrmetry in the arrangement of the nephridia is not a rare
feature and, the supernumerary number (in this case 27)

could be derived by secondary splitting .

The following characteristics of I. pirobansis
distinguish 1t from all other known echiuridss
1. The longitudinal muscles are continuous and do not
form bundles. As stated above, in this respect, it is
a1fferent from, Ochetostoma and Ikedosoma elegans. The

echiurids which have continuous muscle layers are Echiurus ,

Thalassema, Anelassorhynchus, Arhynchite and Urechis.

e Nephridia have apical funnels. The only other
echiurid to have this condition is Ikeda taenioides,.

3, The nephridia are 8-20 pairs, not arranged in
groups. In this respect 1t does not resemble I, glegans or
I. taanioidas.

Ye The heart 1s situated between the prointestine and
midintestine, as in Ikeda taenioides, In lkedosoma elegans
the heart is situated more anteriorly.

S The anal vesicles are provided with long stalked
funnels which show branching. No known echiurids have this
condition,

6e An interbasal muscle is present, It is absent in
I, elegange

7. A prominent muscle plug is present between the setas .

This structure 18 absent in I, elegans and in other echiurids,
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A comparison of I, pirotansis and I. taenioides
reveals some interesting features, In the latter the body

wvall is of Ochetostoma type though of a reverse order and

the nephridia are of I, pirotansis type though they are

incredibly large in number. On the other hand these two
forms resemble in the nature of simple tube.like nephridia
wvith apical fummels and the position of the heart between
the prointestine and midintestine, Gig'&ard {s absent in both,
Thus, these two forms are related to a large measure but

not close enough to Justify the transfer of Ikedosoma

pirotansis to the genus Ikeda,

On the basis of these considerations I propose a

new genus Polynephrosome as l. pirotansis as the types The
species should be named as Polynephrosoma pirotansis. This
new genus 1s more closely related to Ikeda among echiurids

and to Maxmullaria among bonellids,

Polynephrosoma Genus novo,

j Longitudinal muscles continuous.
e Proboscis very long and ribbon.like without lacunae.
e Nephridia 8 - 20 pairs with apical funnels,

4. Anal glands sac-like provided with numerous slender

tubules with apical funnelse The tubules show
secondary branching,

5¢ The heart is situated between the prointestine and
midintestine, The prointestine is without the
ciliated groove,

6, - Presence of an accessory ventral vessel,



«G2e

7 ieurointestinal does not form a loop around the
interbasal muacles,

8. Interbasal nuscle is present,

Qe A prominent muscle plug is prosent in between the
Setae,

Type specles Polynephrosoma pirotansis ( Menon and
Datta Gupta)

There is no doubt that Polynephrosoma pirotansis is
allied to I, taenioides but the main point of difference is
the disposition of the circular and longitudinal muscles, In

I, taenioides the longltudinal muscles are gathered ints five
bundles and 1lie out side the circular musele while in
Polynephrosoma, the longitudinal muscle layer is inside the
eircular and is continuous. Fisher (1946) stressed great
importaence to this character and insti{tuted an order Hetero.
myota to include I. taenioides while Bock (1942) did not

sgem to consider this point while creating a new sub.family
Ikedinae for I, taanioides, In his classification Bock clearly
mentions that in Saccosomatinae "bpdy musculature has

roverse order of the layers of muscles in comparison with
true echiuroids", thereby implying that all echiurdds have
longitudinal musecle layer inside the circular layer of
muscles, It is highly improbable that Book (1942) has over
looked such an obvious character which he regarded important
vith referance to Saccosomatinae, It seems Fisher (1946) in
creating Heteromyota has also over looked a previous reference.

Prashad (1919) stated that the muscular layers in
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Anelassorhynchus branchiorhynchus are well developed and

consist of an outer one of longitudinal, a middle one of
circular and an inner most of oblique layer. In this
context Heteromyota based on the reversal of muscle layers
has to accomrodate A. branchiorhynchus together with

1., taenioides, two forms so divergent in structure and
habitat « During the course of the present study such a
reversal of muscle layer in closely allied species such as

4o sabinum and A, chaetifera has not been observed. It 1is,

therefore,felt that the creation of a new order Heteromyota
on the basls of reversal of body wall muscles needs further
probe, Another important difference is the presence of

numerous nephridia in lkeda taenioides.

Polynephrosoma 1s related to Thalassema,

snelassorhynchus and Arhynchite in having a continuous
layer of longitudinal muscles- Further, it shares with

Arhynchite a long presiphonal prointestine which in a
majority of Arhynchite specles is without ciliated groove.

Polynephrosoma has very little in common with Ochetostoma
and other related genera. 1%, however, shows certain
features in common with bonellids, The presence of ventral
accessory vessel as in Protobonellia, the presence of
branched and stalked funnels in the anal vesicles as in
Mazmullarie and Prometor , and the presence of terminal

nephrostome as in the case of Bonelliopsis and Eubonellia

are some of the more important bonellidan characters of
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Palynoephrosoma pirotansis . If stalked funnels of the

anal vesicle should be one of the criteria to distinguish

& bonellid from echiurid, then Polynephrosoma pirotansis
has unmistakable affinities towards bonellids. Bonellids
are having sexual dirorphism, Since no male has been found
in Polynephrosoma pirotansis , 4t is difficult at this stege
to comment on sexual dimorphism, It way be mentioned that

in Maxmullaria and Prometor, the males are still not knowm,
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TAXONOMIC CONSIDERATIONS AND CLABSIFICATION



Cl/PTER V
TAXONONIC CONCIDERATIONS ARD CLASSIFICATION

(1)« Iaxonoric considerations

Fishaer (1946) stated that systematies of Hshiuroidea
presents certain problems which are inherent to the proup.
According to him the principal difficulty is the lack of
structures having a permanent form, Further, & character which
seoms to be important in one genus 13 relatively unimportant
in other genara, Thus a long presiphonal gut may serve as a
generic character in Arhynchite but this character is
practicaily of not much use in Ihalpssema in which the
presiphonal intestine may be short or long in the di fferent
species.

The echiurids are traditionally divided into two
groups based on the presence or absence of posterior setae.
1t was conventional to group Echiurus and Urochis together
since in both, the perlanal setae are present. The presence
of posterior setae in hoth these penera was considered t
be a character indicating close affinity. It 18 wall known
that Urechis is a highly specizlised echiuride Retention of
posterior setae in these two genera is probably only one
of the landmarks of the Annolidan ancestry of echiurids.

In most echiurids, the descriptions of anterior sotae are
moro or lesa the same that they can hardly be used as a

di seriminating character. Chen and Chong (1958), considered
the length of setae as one of the specific characters W
distingulsh between Arhynchite rugosum and Arhynchiteo
ipamoenuse But the available data in this field shows that
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the length of the setae 43 a very variable character even
within the species, Apparently microscopic examination

of setae of different echiurids reveal that the setae show
differences and the usefulness of this character 4in
echiurid taxonomy 18 being examined ( personal commmication

from Mr. Joseph Mathew , Leptt, of Zoology, BsXeTeS,, Pilani),

The pigmentation of certain echiurids m eonsidered
to have taxonomic significance, The colours are lost in
preservatives and the specimens which are likely to be
encountered by a systematist are proeserved ones, ‘dmonds
(1960), distinguished, two species of A, porcgllus and

thes-

Ae adelajdensis only by stz colour, the former was sandy
b heng a8 ) _
grey in 1ife wkile the latter was deep greensin ~i-vs

Polynephrosoma 18 scarlet red in ocolour but lofises this
colour within half an hour after preservation, Hence the

colour may be a reliable taxonomic critarion, provided

fresh specimens are examined,

The proboseis was considared an important taxonomic
character of echiurids, Annandale (1922) proposed the genus
Anelassorhynchus based on the structural modification of
the proboscis, But now it 18 known that similar modifications
are not uncowmon in species of QJchetostoma and Listriolobus,
The genus Arhynchite was established on the basis of the
absence of proboscis although Fischer (1949) described a
species of Arhynchite with probosois, Idmonds (1960) reported
Arghynehite hiscocki with proboseis from Australia, The
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presence of a long or a short proboseis 415 some-time used
as & specific character, It should be remembered that the
probosels 48 a highly contractile organ and the rolative
length of proboscis depends npon the state of contraction
at the timoe of preservation, The distal tip of the proboseis
way be bilobed as In A. loborhynchus, Proboseis can be
deciduwous or nondeciduouse Ansgtomically, two dlstinet types
of proboscis are found in echiurids; one with large number
of lacwnae and the other without them. The former condition

wheneos, I
prevails in the majority of echiurids wkile latter is

ecxamplified by olynephrosoma.pirotansis.

Tho size and arrangement of body papillae in certain
echiurids were used to discriminate bstween species, In
Zehiurus echiurus, the small papillae are arranged in regular
rovs &ﬁﬁn Eghiurus antartieus, they are not arranged in
regular rows. According to Stephen (1941 ), these papillae
are really arranged in rows in Echiurus antarticus., Wesenburg
Lund (1955), confirmed Stephan's observations. The review of
the literature ( vide supra ) shows that the distribution
and the size of the papillae could not be used succeasfully
at the interspecific or the intorgeneric lovel.

The arrangement and disposition of longitudinal
muscles dez of some definite use in echiurid taxonomye. Spengel
divided the old Thalassema group into three genera namely

Thalassema, Ochetostoma and Listriolobus based on the nature
of body muscles. Thie division though d1d not get umiversal
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approval among specialists,is still very much In vogue. My
studies u;)nfirm that Listriolobus could be easily disting-
uished from Ochetostoma by the nature sf the longitudinal
musclese The number of longitudinal muscle bands in
Ochetostoma 18 extensively used as a specific character ,

In the past a winor variation in the number of muscle bands
wag considerad taxonomically important with the result.many
new species were descrided with varying number of muscle
bands, For example, the following six species of Ochetostoma
wvere distinguished solely on the basis of the number of

longl tudinal muscle bands,

0, erythrogrammon 1% muscle bands
0, stuhlmanni 150r 16 "
0. leptodermon 15er 17 "
9. gaudex 160r 18 "
0. kokotoniense 17 or 18 "
De griffini 17or 18 "

Sato (1939), rightly suggested that all these
species should be considered as Ochetostoma erythrogranrons.
Numericel variation of the muscle bands alone does not
qualify the individual species mentioned above, particularly
when the number of bands intergrade in the different species.

Two types of nephridia are krnown in echiurids,
lephridia with latersl funnels sre found in most of the
Wkergas,
echiurids widie nerhridia with terminal funnels are found



only in two species namely Ikoda taenioides and Polynephrosoma
pirotansis, The structural modification of lateral nephrostome
could be used to distinguish different genera., Anglassorhynchus
has spirally coiled latercl lips and in Thalassema, the lateral
lips are not produced into spirals, Lisomyemre has leaf like
lobes in the lateral nephrostome and could he easily
distinguished from Listriolobus which has long Spirally
coiled 1ips. The number and position of the nephridia are

gleo widely used in echiurid taxonomy, Fisher (1946) , used
this character in his kaey for the identification of somae of
Ochetostoma species, Number of these organs and their
position in relation to setae was used in distinguishing the

alfferent speclas of Anelassorhynchus ( Datta Gupta and
Menon 1965 )«

The anal vesicles in echiurids exhibit very 1little
variatione. This orpan is generally sac-like with short
stalked funnels, The only exception to this rule is found

in Polynephrosoma pirotansis 4in which the anal vesicle is

provided with tubular fimnels showing secondary branchinge
Aave
Structural variations of the alimentary canal awn

some bearing on echiurid classification, Fisher (1949),
gtated that the nephrosotome and the very long presiphonal
sogmants of the intestine separate the genus Arhynchite
from Thalaspemsa, Acsording to Wesenburg Lund (1959), the
essential discriminating features of I. Steinbecki and
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Lo philostracum are to be found in the alimentary canalj
the latter has a longer foregut and presiphonal intestines
I, hartmani ( Fisher, 19%7 ), has a very long presiphonal
intestine. These are not very precise to be used as
spocific oharacters. The position of the prointestine on
tho other hand in relation to the ring sinus, is parhaps a
usoeful charactar. There are a number of echiurids in vhieh
the prointestine is precardiac :hlwlothers, the pro.
intestine 48 postcardiace The presence or absence of
ciliated groove in the prointestine could also be oonsidered.
No attempt has hgitherZto been made to evaluate the
taxonomic significance of these characters, It 15 well
known that a ciliated groove is usvally present in most
echiurids in the prointestine though {n a few, it may be
absent, The presence or absende of clliated grooves is

conditioned by tw facts.
1. A ciliated groove 18 usually absent when there

18 no ring sinus as in some Arhynchite species.

2, A ciliated groove 18 absent when the prointestine
183 precardiac, On the other hand, a ciliated groove 18
always present vhen the prointestine is posteardiace

The position of the heart and the length of the
Qai
dorsal vessel %8 used as a distinguishing character of
dw'. forvw,
I, glegans, In Xhe kattwr |, the heart 1s situated between
the pharynx and intestine, In other echiurids, the heart

1s placed either in between the foregut and midgut or
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between prointestine and midintestine ( vide supra ).

Vary 1ittle 13 known about the presence or
absence of intestinal caeca in different speeies,
Ae 1lnamoenus 1s distinguished from A, rugosum by the
absence of intestinal caecoum i{n the latter. Many

Listriolobus speecies have intestinal caeoum, More data o

3x required to assess the taxonomie value of this

character.
The coelomic corpuscles were found to be

differenv in shape and size in Ochetostoma formosulum,

Anelagssorhynchus, Ligtriolobus and Ikedosoma (= Polynephrosoma).
The usefulness of this character in schiurid taxonomy

stresses need for further trials,

The developing egg cells in the coclom may or may

not have a cap of nurss cells, Nurse cells are found to be
Whenean,

present in Ochetostoma speclies and Polynephrosomg white in
Listriolobns and Thalassems, the nurse calls are absent,

Further data arcrequired to find out the taxonomic

significance of such nurse calls,

The body musculature, presencs or absence of post
sotal segmental organs, the position of the ciliated funnel,
the presence or absence of ciliated grooves in the pro.
intestine, position of the heart in relation to the different
regions of the alimentary cenal, the anatomy of the
proboscis, the coelomic corpuscles and the female germ cells
seam to be the more important characters in echiurid taxonomy,
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(<)e Classification

Fonro (1927) was one of the earliest to arrange
all the known echiuroids in a systematic way. Among the
modern classifications, Bock (1942),Fisher (1946) and
LDawydoff (1959) deserve speeial consideration. A review
of the literature and the present studies reveal:that the

existing classifications of aechiurids regquire readjustments,

I suggest below the following scheme incorporating

some of the salient features of Bock's and Dawydoff's

classification,

Phylum Echiuroidea Newby 1940

Class Lehiurida
Gehiuridae Balrd 1868, amended., chiurus.
with two rows of posterlor setae probosels
not bifid., Anal glands with sessile fennels,

Tw pairs of gonoduets, Gi{ard present,
e s nehinrus,

Family 1.

Pamily 2, Urechidae Dawydoff,
with one row of posterior setae, Protoscis
reduced and fold.like, Vasocular system

absent, Anal respiration. ees Urechis

Family 3. Thalassematidae Bock, emended.
Nephridia with lateral nephrostome. One to
seven pairs or paired groups of anterior

nephridia.
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Subefamily 1. Ochetostomatinae novo,
Llongitudinal muscles in dands, The lateral
1ips of the basal nephrostome produced
into long or short spiral lobes, Proboscis
is provided with well developed coelomic

8pates. see chgtosboma ’
Listriolobus,

Ikedosoma,

Lissomyemma,
Tlatylobostoma

Suohefonily 2. Thalassematinae novo.

Longitudinal muscle 1s continuous,
«se Thalassema,

Anelassorhynchus,
Arhynchite

Family 4. Ilkedaildae Dawydoff, Ik
Nephridia in large numbers with terminal

naphrostomes. Proboscis very longe Dorsal
vessel long, heart situated between

2,
prointestine and midintestine. Gikaard

absent. +s» 1lkeda,
Polynephrosoma

Family 5Se Bonellidae

Jetas ons palr, abssnt or numerous. Proboscls
trunoate, or Mrid, Nephridia one or two with lateria}
or terminal nephrostonss. Ansl vesicles undivided or
branghed umially with stalked funnals. Longitudinal
Buscle layer sontimucus. Jexmal dimorphism is pressnt,
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Key to the Families and Subfamilies of
Class Echiurida (excluding Family Bonellidae )

1le With posterior setae (2)
without posterior setae (3)
2o Wth two rows of posterior setae Echiuridae
With one row of posterior setae -Urechidae
3 Nephridia with terminal funnels. Ikedaldae
Nephridia with lateral funnels. Thalassamatidae(l)
be Longitudinal muscles in bandse. Ochetostomatinae
Longltudingl muscles continuouse. Thalassematinae

Synopgis of genera of Eohiuridg

Fisher's key (19%6) of the genera of echiurids 1s
slightly modified to accommodate Polynephrosoma, Urechis
Ikeda and Platylobostcmae

1e Posterior setae present (2)

Poaterior sotae absent (3)

2 Two rows of Posterior setae. Echiurus Guerin Meneville
One row of posterior setae. Urechis Seitz
3e Proboscis present (4)

Frobosols absent.instead two
ventral lobes bordering

the mouth, Platylobostoma Welund
Yo Hephridia with terminal funnels (5)
Nephridia with lateral fumels (6)

Se Longltudinal muscle bands presmt; Tkeda 'harton
Nephridia in clusters
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Longitudinal muscles continuous )

; Polynephrosoma novo.
Nephridia 8.21 pairs
Nephridia with or without spiral lobes (7)
Nephridia with leaf like lobdes Lissomyemma Fisher
Longltudinal muscles in bands (8)
Longitudinal musclaes continuvous (10)

Longitudinal muscles interrupted
by obligue muscles (9)

Longitudinal muscles not interrupted
by ohlique muscles Listriolobus Fischer

Nephridia groups of 7.1k - vascular

ring vessal at posterior and of
pharynx Ikedosoma Book

Nephridia 2.7 pairse Ring vessel

in between foregut and intestine Ochetostoma
Lueckart & Ruppell

Nephridia without spiraly colled

1ips (11)
Nephridia with spiraly coiled
lips Anelassorhynchus

Annandale

Nephrostome with conspicuous
flap like 1lips Arhynchite sato

Prosiphonal intestine long

Nephrostome with inconspictous

Lips
Presiphonal intestine short g Thalascema Lankester

with ¢iliated groove

The above classification 15 in general agreement with

that of Dock (1942) and of Dawydoff (1959) . The main point
of departure is that in the present scheme échiurldea 1s
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considered as a phylum, Bock (19%2) regarded Urechis as a
genus of the family Echiuridas, He ssemed to have stressed
upon the importance of the perianal setae and thus bracketed
both Urechis and Echiurus 4in the family Echiuridae., DBut
the structural peculiarities of Urechis are so striking

( Figsher 1946, Embleton 1300, MacGinitie 1938 ) that 1t is
more realistic to put th n tw separate families,
Accordingly, family Uroechidas of Dawydoff is maintained, thus
keoping Echiurug 4n a separate family Bchiuridaes Monro
(1927 ) kept Urechis in a subfamily Urechinae. Fisher (1946)
ercated a new order Xenopneusta to include Urechis, The
main deviation of Urechis from the normal pattern is the
the complete absence of vascular system, which shows the
extrame aberrant nature of the speciesy creation of a new

order Xenopneusta does not seem to be appropriate.

In the proposed scheme, family Ikedaidae would
inelude all the forms wvhich are having a terminal nephrostome,
Boek (1942) in fact has accepted this in principle by
ereating a new subfamily Ikedinae to include lkeda taanioides,
the only known echiurid at that time with terminal
nephrostome and supernumerary number of nephridia. Dawydoff
(1959) recognized family Ikedaidae to include l.taenioides,
The place of Polynephrosoma pirotansis with terminal
nephrostome would be in the family lkedaidaes In this
connaction I may mention that Mshor (1946) had ereated
Heteromyota to include Ikeda taenioides. The prafzical
aifficulties in creating the order Heteromyota 18 evident

(vide supra ).
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Bock's (1542) Thalassematidae contained both
Ikedinae and Thalassematinae, In the proposed schenme
Thalassematinae of Bock 18 raised to a family level and
1s further divided into two subfamilies, The two sub.
families are Ochetostomatinue and Thalassematinae - the
former includes all thoso forms in which the longs tudinal
muscles are in bands, &rﬁuthe latter includes
Thalassema~- like forms with continuous longitudinal
mugelas, Further, the anterior nephridis in the former
are havfng spirally coiled lips attached to the nephrostome
m the latter, the lateral 1ips of the nephrostome
may or may not prolong into long epiral bands,

There 1s difference of opinior among workers in
this ﬂ’eld as to the practical utility of recognising the
genus Anelgssorhynchus, Annandale (1922 ) separated this
group of estuarine specien together with I, gabinum from
Biam into a distinct genus for which he proposed the name
Anelanssorhvnchusge 4natorically these forms do not differ
in any respect from the other marine species of the genus
Thalassgma Lamarek, Prashad and Ayati (1929 ) stated "it
is very doubtful whether the slight differences in the
structure, function and physiology of the proboacis® are
enough for separating them into n distinct gmus).’ Boek
(1942) was also of the same opinion. Fisher (19%6) ,

though recognized the genus Anslagzorhynchus in his key,
hostewery made the following corments : "It may not be of
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any practical value % recognise this group", But rocent
workers appear to have reconeciled to the genus Analasso.
rhynchus (Fisher, 1946y Edmonds, 19603 Datta Gupta et al,
19633 WeLend 1939; Datta Gupta & Menon, 1965 ). The
distinction 12 based on the nature of nephrostome which
has spirally colled 1lips in Anelassorhynchus specles, The
structure of the proboacis is possibly an instance of

gonvergance, sincs othor genora like Uchetostoma and
Listriolobus also show the same modifications, Curiously
whvere ab,

enough , Anelagsorhynchus specles are mostly estuarine wkide
Thalassemg 8&pecles are genarally marine,

Similarly opinions differ as to the gaera
Listriolobus and Lissomgarma. Fishar (1946) proposed the
genus Lissomyerma for I mellits Conne Spengel (1912)

established the old generic name Ychetostoma for
Te orythrograwmon snd recognized another genus Ligtriolobus,

It was We Fischer who assoclated the gencric name
Listriolobus to deseribe I, bshamenais and T billitonensis,
Later 3 more species were added to this groups As discussed
el sewhera, “harton (1913%) and Bock (19%2) did not seem fo
distinguish Listriolobus from Ochatostoma. My studles on
the tw species namely L. brevirostris and O, bombayonsis,

show that the obligque muscles do not form fascicles in the

formers

The genus Arhynchite wes proposed by Hato to inelude
Ihalasssema arhynchite which was characterized by the
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absenco of proboseis, But Fishor (19%6) descrided two
species of Arhynchite with proboscis, He stated that the
discovery of a proboscis in the two Sspecies need not
invalldate the genus, The flap-like nephrostome and the
long presiphonal segment of tho intestine separate the

group from Thalassema. In I, philostracum the nephrostome

w-ad

Wh
is fon-shaped whéka 1, hartmani has a very long presiphonal
intestine as in Arhynehites. In this context, it is extremely
difficult to find out the tranchent character that distin.

guishes Thalassema from Arhynchite. There is no doubt that
these tw pgenecra are interralated,

Platylobostoma is obviously related to Ochetostoma,.
Wesenberg-Lund (1959) compared Platylobostoma glaucum with

Oghetostomg atlantidei. bShe writes “The main reason for
not regarding the present specimen as {dentical with

P o glaucum is , of course, the presence of a well developed
proboscise This organ was wmissing in Platylobostoma but
roplaced by tw flabby lobes ventral to the month’, The
proximal lobes of O, atlantedi deseribed here decidedly
belong to the proboseile and likaly to be lost together with
it. On the other hand, in Platylobostoma the lobes in all
probability belong to the trunk,

In conclusion 6 Polynephrosoma shows features
common to bonelllds and echiurids, The presence of a number
of sepgmwental orpgans 18 g typiecal echiurid character,vhereas
in bonellids these orgens have under-gone extreme reduction,
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Zsingle in many, with one pair in Archibonellia
Pseudobonollia, lamingila ete. (Lock 1942 ). In the
nature of the vascular system, the reproductive organs
and anal vesicles, it has strong affinitles towards
honellids especially to Maxmnlleria and Prometor.
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SUMMARY

The different systems of classification of
echiuroids are reviewed. A review of the work on Indian
echiuroids with a synonomic bibliography of the Indian
specles of echiurids are also given,

The morphology of I, pirotansis is described
and compared with other Indian echiurids,

The integument of I, pirotansis is glandular,

The presence of compotnd granular glands in the proboscis
and eosinophilous tubular glands in the body wall as well
as proboseis is peculiar to I, pirotansis, The longitudinal
muscle is continuous and 1lies inside the outer circular
layer of muscles. The body wall of I. pirotansis 1is
compared with other echiurids and its taxonomic significance
i3 discussed, A prominent muscle plug is observed in

between the setae.

The evelom is apacious and wninterrupted. It
extends into the proboscis as lateral proboscis goelom.
In other Indian echiurids, the proboscides have a number
of coelomic spaces which form very extensive cavities.
The usefulness of this character i3 discussed in elucidating
the relationship of different genera of echiurids.
Different types of coelomic corpuscles are found in
I, pirotansis. Giant multicellular corpuscles are found
in large numbaers. A well developed 'suet! like formation of
the peritontium in the prointestine shows proliferation of
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chlorogogen cells, This structure i1s peculiar to
d. pirotansis among Indian echiurids, Fowever, thig

structure is comparable to the meaentrial bodies found

in 1, steinbecki ( Fisher 1942 ),

The alimentary canal is divided into 3 regions,
the foregut, wid gut and rectum, A buccal chambaer leads
into the pharynx. The foregut is distinguished from the
midgut by the position of the longitudinal muscle which
lies out side the circular in the foregut, Only two
reglons of foregut could be seem viz. pharynx and a long
oesophagus. The midgut has three regions. A precardiac
prointestine, a siphonal intestine, and a post siphonal
intestine with a ciliated groove, The presence of a
prointestine without a ciliated groove is a unique feature
of I, pirontansis among Indian echiurids, In all other
Indian forms the prointestine 1s postcardiac and has a
prominent eclliated groove, Rectum is a small tube
characterised by the absence of the ciliated groove. It
could be distinguished from the intestine by the absence
of ciliated groove,

The histology of the various reglons ha also beca
studieds The epithelium of the foregut and midgut is
glandular. The siphon or collateral intestine 48 lined
by columnar epithelium, This 1s attached to the intestine

by means of connective tissue,

The alimentary canal of I, pirotansis is compared
with other e¢chiurids,
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The vascular system of lkedosoma pirotansis 1s

peculiar in having a ventral accessory vessel, a long
neurointestinal, a long dorsal vessel and a pair of
ventrolateral sinuses which commmicate with the heart
or the peri.intestinal ring sinus, The ventral vessel
merges with the rectal wall posteriorly and it 1is proposed
that the blood i1s collected by the ventrolateral sinuses
which ultimately are in communication with the peri.
intestinal ring sinusus. The vascular system of lkedosoma
pirotansis is compared with other echiurids as well as
the tentacular system of sipunculoids. It is sugpested
that the position of the ring sinus in echiurids may
have some systematic significance., The presence of &

prointestine with or without a ciliated groove is correlated
with the position of the ring sinus,

The nervous system shows no departure from the

nsual echiurid pattern,

The segmental organs are 8§ to 20 pairs with
terminal nephrostomes. This type of terminal nephrostome

1s not found in any other Indian echiurid, The only other
The

echiurid to have this condition is I. taenioldes .
morphology of this organ 1s deseribed, Further a comparison
of segmental organs of other eechiurids are also given, The
role of anterior nephridia in echiurid systematics is

discussed, In other Indian echiurids the nephrostomes are
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lateral and they are provided with spirally coiled lips,.

The anal vesicles of I, pirotansis are unique
which show 1long stalked funnels, These long stalked
funnels show secondary branching. No other echiurid has
this condition, This type of anal vesicle is usually
expected only in bonellids, The anal vesicle of I.pirotansis
{3 compared vith that of Maxmullaria.

A male worm has not yet been found, The ovarian
cells are proliferated from the mesentry attached to the
ventral nerve cord towards the posterior region. The
growing eggs have a cap of nurse cells, The histological
gtructure of the egg is studied, There is a conspicuous
circumucl ear zone, The chemical components of the
various regions of the egg 1s determined by various
techniques. The circurnuclear zone reveals the presence
of proteins, RNA, carbohydrates and some lipids. The
cytoplasm contains yolk globules of fatty and proteinous
nature, The protein yolk globules are smaller than the
fatty globules, In addition to this there are granules
basic proteins, There seem to be a correlation between

the spiral lips of the nephrostome and size of the eggs.

The systematic position and interrelationsbip .
of Ikedosoma pirotansis are deseribed,
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A new genus Polynephrosoma 1s proposed for

Ikedosoma pirotansis . Polynephrosoma has strong

affinities towards lkeda taenioldes . The systematic
position and the interrelationship of Polynephrosoma

pirotansis are discussed.

The importance of a number of characters in
echiurld taxonomy 1s discussed ., The body musculature,
presence or absence of post.setal segmental organs ,
the position of the clliated funnel, the presence or
absence of clliated groove in the prointestine, position
of the heart in relation to the different regions of
the alimentary canal, the anatomy of the probosecis ,
the coelomic corpuscles and the female germ cells

seem to be the more important characters in echiurid
taxonomy.
A scheme of classification incorporating some

of the sallent features of Bockts (1942) and Dawydo£f's
(1959) classification i5 suggested.

A synopsis of the families, subfamilies and
the genera of echiurids 1s also given, The merlts and

demerits of the existing classification are discussed.
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PAP. Papillae , IPSe Interpaptllar spaces.

Posterior reglon of lkedosoma pirotansis
PAP. Paplllae, CLO. Cloaca .

Transverse Section of the probtosois of lkedosomg
pipotansis ( From the dorsal side ),

Cla

Cubticle , EP. opldermis, CLC. Clear cells,
PGle

pear shaped gland cells, N. Tucleus,
LMe Longitudinal musoles, cal. Compound granular
glands, TGLo Tubular gland cells,

I'ransverse section of the proboscis of Listriolobus
brovirostris ( from the ventral sicde )
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Transverse section of the body wall of

E 6211'0 Strl 8 o

Cle Cuticley; CT. Connectiv
]igcxof mui’!clea LMa I.ongftitl?igs

nner cire

Listriolobus

ne. CMa Chreoular
nal museles

nerve cord, ar layer of muscles, Vi. Ventral

Transverse sect

Listriolnbne Mh the posterior reglon of

Cle Cuticle

L a.

. & BPe Epldermis, CTC. C a
CTe ucnnmdvo ticone nuc].::ua, onnective tissue@ s

A pear sha
A compound

A %ubulapr gland aell

Gl GCrenules , CT.

ped gland cell )

rranul ayr d
A basophilons gland gldml) °°nz

from the int ant
3 Of Ikedys ago

8
Connective tissue y Ne Nucleus






Pige

Fige

Fige

Fige.

Tige

HB.

Fige

12.

15

1k,

15

16e

17

18e

-136-

PLATE 2

Dagrar of the setae and the setal musculature
of lkodosoma pirotansis

TH. Transverse muscle, SET. Seta, HE¥. Retractor
mugcle, Vi Ventral acoessory vessel, Il. Inter-

basal muscle, Vii. Ventral nerve cord,

Diagram showing the internal organs of lkedosoms
pirotansis ( anterior reglon )

Plie Pharynz, OSe Oasophagus, 5l'a Spindle mucecle
NE. Nephridlum , PAI. Proinfestine, i Mesentarial

body, VV. Ventral vessal, Vli. Ventral nerve cord,
DV. Dorsal vessel

Nl. Neurointestin.l vessel.
RS. Ming sinus , GOL. Collateral intostine, Mi-
Middntestine,

Multinucleate glant ooelomic corpusclies from the
coelomie fluid of lkedpsuma pirotansis

AgBgCoDy B F o showing difforent stages in the
g;o’wﬁ t’af'the corpusela,

A glant corpuscle showving the reticulate nature
of the waup

RCYe Retleumlate oytoplasm

A portion of the reticulate wall under oil
{mmersion

Ne Nucleus, CI. Inclusions , CY¥. Cyteplasm

Bosinophilous corpuseles af Ikedosoma pirotansis
Cl. Inelusions , N Nucleus,

Coelomlc corpuscles of Listriolobus brevirostris

BCe Basopiilic corpuscles, 4C. Bosinophilic
eorpuscles, e nucleus
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Fige 236

Fige 2leq

- 137'

PLATE « 3

A part of the alimentary canal of lkedosarwa

irotansis showing the siphonal eaectm and
oEEEer structures

oV. Dorsal vessel , ¥I. Midintestine, Pri.

Prointestine , CAB. Siphonal caecum, %ol
Collateral m%eetlne, iIe Nourointectinal,

Diagrem shoving the internal organs of
Ikednsoma pirotansis ( Ventrolateral 4ncision)

M« Hind intestine , SG. CSiphona) gronve,

Wa Ventral vesagl, Ve branches ol Lke ventral
vessaly, VMe Ventral mesentery, V. Vamtral
nerve oord, AVe Anal vesicle ,RE. Rectum

Transverss section passing through the buesal
chamber of lkedosoma pirotansis

E. Epithelium, Gi. Mand cell, L¥. Longltudinal
muscles,

Tz;ansversa section of the phirynx of Ikedosomd
I gls

Few Epiﬁmlimrcai CL. Gland cells, CM. Circulapr
:szget;f miseles, LM. Longitudinal layer of
e

Transverse section passing through the
oesophague of Ikedocoms pirotansis

Se Gpilthelium ( nomeiilated ), CM. Civouwlar
layer of nusclos, Lie. I-ongituhmal muscles

Transverss seotion passing through the
prolntestine of lkedosoma pirotansis

Be Lpithelium b Sooretions, N. Hucleus
LY. Longitudinal muscles, CM. &1rcu1ar layer
of musalas .
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PLATE. &

F , Transverse sSection passing through the juncidon
e of prointestine and pidintestine of lkedosgoma
pirotansis

AS. Ring sinus, DV. Dorsal vessel, CO0. Collatoral
intestine.

. 26, Transverse scotion passing through the midintestine
s 54 along wvith ¢ollateral intestine of Ikedosora
pirotansis

L¥e Longitudinal muscles, Clia Chlorogogen cells,
C0. fGpithlium of the collateral intestine,
CG. Clliated groove, VL. Ventrolateral sinus

Fige 27 Transverse section passing throngh the rectum of
Ikocosoma pirotansis

M. Mosenterial strands
muscles, CMe Circular i
Pe Perﬂ:oneal covering.

Filge 28« Transverse section of the rectum ( a

rtion
megnified showing the position of the longitudinal
nuscle layer)

La Epithelium, IM. Longitucdinal la
CHe Ciroular i gitudinal yer of muscles,

ayer of museles, P. Peritoneal coverings

™pge 29 DPlagram of the bhlood ols of lkodosom
’ pirotansis b ? —

PH. Pharynx, AVe Acoessory ventpal v
Oesophagus, DV. Dorsal vessel, Mo, u%izn“%ari’ﬁ bodY¥s
gl&. gmggll nervgl oorgé N%; Neurointestinal
« V@i vess B ng s
intestine, MI. Midiﬁtestine.g tnns, Co. Cotdateral

Fige 30e Dlapram of the blood vessels
of Ikedosoma pirotansis of the anterior region

LMe Longitudinal layer of
ayer muscles, Re Dpithelium

LV. Lateral proboscis vassel . 1. r .=
cords Vo Vembral vesal, Vi,” o ses ShokOEY®
vessel, Vli. Ventpa) nery - accessory

e cord,
Fige 31 Diagram of the hang vessels of inel assarhynchus E&”lﬁf'
DV- [brs 1 I
05 o al Vvessel, Pil. Pharynx

21500 phag;g. M n . Wa Ventpal vousealy
= 3 o= Neurointes g o
\ng stnus, 1. Hidint;s:ih?d y 65 Slozrdy
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PLATIB - 5

Diagram of the blood vessels of Listriolobns brggrosgu-

I a
x. DV. Dorsal vessel, Vi. Ventral naerve 00rd
gg: ﬁfa{nm%u muscle o Ofw Oe’at)phagua X VWe. Ventral
vessel, Nla Reuroint:eshnal vessel, G. Glzzord, B
Ring slnus, CG~ Ciliated groove, PRI. Prointestins .

Plan of the nervous system of Ikedosomg pirotansis .
{ Diagrammatic )

Cle Cowmissure, LV. Lateral proboscis norve, V.
Median vessel of the probosels , Ll Lateral nerve
1B Interbasal nerve , AV. Accessory venteal vessai,
VWa Ventral vessel, Vii. Ventral nerve cord.

Transverse section passing through the anterior
region of lIkedosoma pirotansis just posterior to the

bifurcation of the ven nerve cords The ventral
vessal i8 glready bifurcateds
FPe Epldermi

s, CUTe Cutis, PAP. Papillaeg, CMe Cireular
layer of musc!os, L¥M. Longitudinal layer of muscles

Vil Ventral nerve cord, ICH. Inner cireul o
musoles, LV. Lateral vessal s, ar layer o

Tracztxsvewgexgection paasintgn through the anteriop
of the vmﬁ'ﬁ nerven'éTra.—-L owing the bifurcati

fPe Gpldermis, Lile Latoral nery a
layer of nmacioa, Cle Circulay fa?a-' o

Distal part of the n
showing the tmmmeggﬁ?ﬁom irotansis

CF= Clliated fumnel, Y= Neck o .
Fey 55w Nephridlal sace.  ©& ¢ Dephridium, 50-

L'e Longitudinst
I’ tzm:"clessg1

Transverse sget th
Ikedosomg nm“"giﬁ%;%’ ¢ neck of tho nophridtum of

Po Poritoneal layer , OM
y “Me Ciran
LM. Longitudinal layer of muacggjé’ i, Eﬁg‘;‘gﬁm"%
[ ]
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PLATE =6

Trensverse section passing through the neck of
nephridium ( a portion magnified )

P- Peritoneal covering , CM. Circular layer of

mugscles, LM~ Longitudinal layer of muscles, Le
Bpithellum,

Longitudinal section of the nephridium showving
the nephridiopore and nephridial duct,

EPe Epidermis, CHe Cirocular layer of muscles

LM. longitudinal layer of muscles, NP. Nephrldaiopore)
%De Nephridial duct, PAP. Papillae, ICM. Inner
eircular layer of muscles,

Nephridium of Listriolobus breovirostris.

LCFa Latoral nephrostome , SFa Spirally ooiled
filaments, NE. Dody of the nephridium, 5Ge Lgge

A fow stalked funnels from tho anal vesscle of
%% pirotansis showing the secondary

an A

CF. Ciliated funnel, 57 Secondary tubules,
PTe Primary tubule ,

Transvarse seotion passing through the anal vesicle
of lkedosoma pirotansis .

g¢ BE. Spithelium, L¥. Longltudinal layer of muscled
(Ma Circular layer of muscles,

longitudinal scction of the eoi} funn
( agal vosiclo) Lathed o

6C. Conlowic corpuscles, AVF. Funnel anal
vesicle § Fw Z:pithelium: L. Luman of %}t;et!%gbauge,

Transverse section of a tubule ( snal vesicle ).
U - lem s EPu Epiﬁhelium, N-n Hucleus

An egg cell of Ikedosom
the pmliraratiﬁ&\'tr_: %ﬁlﬁa&w ror

NCw Nurse emlls y Ne Nuoclems, EG. Ligge
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PLATE .7

Section of an egg with the cap of nurse cells.

NCe Nurse cells, Ne Nucleus, NT. Hutrition tube,
EGe EgRe

in egg cells from the ooelomic fluid showing the
nurse cellge.

N- Nucleus, NC= Nurse cells, NT. Nutrition tube,

Transverss soction of an age.

N. lucleus, CRZe Circum nuclear zone, PY. Protein
yolk globules, FY. Fatty yolk globules, Hi. Egg
manbrane,

Transvarse section of an egg with the nurse cells

showing the distribution of fatty and protein
yolk globules,

NCe Hurse cells

Na NHueleus, NT. Nutrition tubve
PY. Protein yolﬁ: globules, by, Yatty yolk globuies.

Ao egg of Listriolobus brovirostris.

M egg of lkodosoma pirotmmsis.
N= Rucleus, CY. Cytoplasm,

An egg from the coalomic fluid of acanthobonellin

HCw Nurse aells , N. Bucleus, Ng..
TC. Follicular calls, ’ Nuel eolus

A fow egg aells from the go
Oghetostowa septanyotum . elomic fluid of
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aph 1. Transverse section of tha setal
Pho tond CFOETEP region showing the characteristlo
?uaclig smahion baetwean the setae®

b 4 P

Ce Muselo cushion , 5ET. Seta, Vl. Ventral
nerve cord , W. ventral vessel,

rograph 2. Trensverse section of the probosedls
Pho tomicrok . ?uﬁ 3 1 - P e eing
) ﬁﬁs ( x %’) § =

Ce Coelomic cavities, O. gills,
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Photomicrograph 3. Tzrjmsverse section of the proboscis
o

L%atriolgbus showving
the dense clusters of glands,

EP~ Epidermis, GL. Gland cells,

aph 4 Trmmsverse section of the prohoscls
Pho towrderograp * of 1k soma pirotansis . o

coelomic spaces are absent exoopt

for the lateral coelomic channels
{ x9 ).

LC- Lateral coelomic channel, LVa
Lateral proboseis vessal. Llie.
Lateral nerve cord, ¥V. ¥edian
proboseis vessel.
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orograph 5. Transverse section of the
it inte ;nt of Ikgdosoma pirgtansig
X 1 5

PAP. Papillae, CM. Circular layer of muscleS,
LMe Longitudingl layer of muscles, IC. Innerf
eciroular layer of muscles,

Photomicrograph 6. Transverse sections of the {nt oguman?®
of Listriclobus W showving
the ckening o e longitudinal
nusale to form longitudinal bandse

The inner cireular layer of muscleSe
is also continuwous ( x 80 ).

iPe Epldermis, CM. Cirecular laver of musclefs
LM Longttudinal layer of muscles, 1C. Innef
circular layer of muscles.






Photomicrograph 7.

Pho tomicrograph 8.

s 1%

Transverse section of the intepument
of Ochetostoma bombayensis showving
the one of the musela bands clearly
derarcated ( x 8 ),

EPe Bpidemigﬁ.cn. Circular layer

of muscles Longitudinal layer of
muscles, 1é. Inner circular layer of

muscles, C. Coslomic spaces in the body
wvalle

E“’:sm"“ sgetion of the proboseis of

9 ros 8 passing
Tou @ 4ais ) wing the
ooelomie spaces ( x 160 ).

Co Coclomic spaces, QL. Glands.
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Photomicrograph 9, gransverso aect{on of the proboscis of

8 b 83ing through
¢ anterior @del x yf

VCla Vantral cireular layer of musncl es,
Ce Coelomic Spaces, GL. Gland cells,

Photomicrograph 10 Transverse section of the roboscis of
" Och 3 pagsing through
em 9 re On. (Il'!s ).

Ve Vantpal elreular layer of muscles,
C~ Coslomie Spaces, GL. Gland cells,

v
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Photomicrograph 1le Transverse section of the prointestine

Tet e B tatet octen {x 16

bodles 180 )

ME. Mesenterial body , CH. Chlorogogen

cells 4 EBa Rpiﬂlolitm:

Transverse section of the alimentary
sanal of

Ik ma tansis passing
through %s%

Col. Collateral intestine, RS. Ring sinus.

Photomicrograph 12






Photomicrograph 13,

Photomicrograph 1k,

-348-

Transverse section of the md
%ntes%n? of Ig&aagg pirotensis.
X 1 ®

Cle Cllinted groove ,VLS. Ventro
lateral sinus, CH. ch

lorogogen cells,
(OLa Collateral intestine,

Iransverse seotion of the anal vesicle
of Ikglosoma pivotansis ¢ x 180 )e

PTe Primary tubule y» CF. Ciliated
funnel, CV. Central vosicle,
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Photomierograph 15 Transverse section through the ventral

Photomicrograph 16,

nerve cord and ventral mesentery fposterior

rogion ) showing the prolgferstion of
egg cealls ( x 880 ).

PM. Primordisl egg cells, VM. Ventral
mesentery, V. Ventral nerve cord,

Tranaverse section of 028 sec.(x 75 ).
EGe Egg. ESe Egs 286G,






Photomicrogranh 17.

Photomicrograph 18.
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Transverse section of an egg

(Iron haematoxylin preparation )
X 720,

Fi. Fatty yolk globules, ClZe.
Cireum nuclear gone, PY. Protelin
yolk globules, NS. Rucleolus,

Forzmegldmydo-caloimn/Sudan black Be

X .

The whole ¢ell looks black due to
sudanophilia seen under the lover
pover. The large compound yolk globules

in the ooplasm, and the germinal
vasicle remain sudanophodie .

V. Germinal vesisle , CY. Compound
yolk globdules,









