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Cytological Studies in Diplopoda (Myriapoda)

BY R. NATARAJAN,
Departments of Zoology and Marine Biology, Annamalai University,
. Annamalainagar.
(Communicated by Prof. R. V. SESHAIYA, F.Z.S.1.)
(With 18 Text-figs)
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Introduction

The cytology of Myriapoda has been little studied in contrast to the
other classes of Arthropoda. The accounts we have so far relate almost
wholly to the group Chilopoda—the centipedes (Blackman, 1905, '07 & ’10
Medes, 1905 and Bouin, 1920, '22 & ’25). The more recent studies on
these are those of Makino and Niiyama (1942), Ogawa (1950, '51 '562, 53,
‘64, ‘55, & ‘bT), Ansley (1954) and Puttanna (1959). v

The cytology of Diplopoda has suffered neglect excepting for the
papers by Oettinger (1908, '09) and Sokoloff (1914, 1918). The investi-
gations by Tuzet and Millot (1937), Tuzet and Bessier (1941 ’43), Bes-
siere (1943, ‘48) and Tuzet Bessiere and Manier (1954) on many Eurs-
pean species of Diplopcda, however, deal only with the cytoplasmic in-
clusions during spermiogenesis, any reference to chromosomes in thege
studies being only incidental. Bessiere’s (1948) review of the previous
investigations, as also his own observations on the representativeg of the
families Iulidae, Glomeridae and Polydesmidae indicate how incomplete
and inadequate is our knowledge of the cytology of the Diplopoda.

With regard to the Indian species, excepting for the recently pub-
lished observations of Puttanna (1959) on five species of Chilopoda,
there have been no studies on the chromosomes of the Myriapoda. The
only pubished work in India on the millepedes, bv Nath and Sharma
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(1952), relates to the cytoplasmic inclusion i ;

view of our complete lack of knowledge of sthiuz;rglOsgr(r)rfla;cﬁienems. &
undertook, at the suggestion of Prof. R. V. Seshaiya, a st dgroup, !
chromosomes anfi their behaviour during Spermatogene’sis in udy of the
S‘,ogth Ir}dlan millepedes viz., Xenobolus acuticonus Att (Xsoml;a 1(3f the
Spirobolida, Thyroglutus sp., and Phyllogonostreptus nigrblabielzo “Wdae:
Harpagophoridae: Spirostreptidae.) arus Newp,

Material and Technique

Xenobolus and Phyllogonostreptus are available |
cold season. Xenobolus measuring about 6 ¢m in l:n 0
imm in br;leadth, occurs in large numbers ne g

aunting the green, cool and shad laces. .

dark with a bright mid-dorsal re(:iy liI:IE. Sphyfzﬁioiié‘}ie Sf ecimens are
and a full grown specimen is about 12 to 15 em in le;rpx 1391 s larger
in breadth. The colour of the body is either bright tan orgd alr:d 1 cm.
These specimens also occur in large numbers in gardens and ﬁalid brown.
ly frequen’glng c_ool and green places ang are easily colle t?j §, most-
numbers either in the cooler hours of the day or after o sﬁoiv . rm large

hear water Sources, mostiy

The specimens of Thyroglutus were colle
India. They were available in plenty in col
men, which is greenish black in colour, ig
5 mm. in width.

cted from Karaikudi, Sou(p
db seasons. The adult speci-
about 15 ¢m. ip length ang

All the specimens were kept alive i
having lids of wire mesh and containi the Iaboratory

] n 1
humus. The specimens throve wel] undef T}?ézz csag
n

in wooden boxes
d and plenty of
T ltions.
he testes are elougated whitigp tub .
es
and connected by a common duct. They occl,J:’VIithi flodulateq appearance
along the central nerve —cord, running o hy oot 51968 of the hogy
body. It. is very difficult to separate the tese entire lengtp of thy
surrounding tracheae and fat-bodies whicp, COVer the entipe from the
i € entire body-cqyi
For cytological studies, the animal y-cavity.
decapitation and the gonad rem was cut

. ov i
tives. Allen’s modification of BOlliI?% giigmgk]
’ : 1 : a

lysis, were used for staining,
of the testes were also 1
the study of various stages, Proved to he of ver
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Observations

[. Phyllogonostreptus nigrolabiatus Newp.

Spermatogonial metaphase: Fig. 1 is a photomicrograph of a sperma-
togonial metaphase of this form in a polar view. 25 chromosomes
could be well observed and all of them are rod-shaped or stout and ob-
long. A karyogram (Text fig. 13) shows twelve pairs of homologous
chromosomes and a rounded unpaired one which is the smallest of the
spermatogonial complements. Further, six pairs of chromosomes appear
long and rod-shaped while the remaining six pairs are rather short,
stout and more rounded.

The anaphase and telophase stages of the spermatogonial division
are normal.

Meinsis: During leptotene, thin granular threads are seen travers-
ing the nuclei in all directions. Towards one side of the nucleus and
close to the nuclear membrane is seen a small condensed body which stains
deeply with Feulgen. At zygotene also this more or less rounded he-
teropycnotic element is conspicuous towards the periphery of the nu-
cleus, which now shows clearly the paired autosomal threads. No de-
finite orientation of the threads or their ends could be seen within the

nucleus.

The pachytene and diplotene stages in this species appear to be
very diffuse as reported in some other Diplopods by Bessiere
(1948). The chromosomes appear very lightly stained and show only
blocks of chromatin connected by slender threads. So much so, neither
the bivalents nor the heteropycnotic body (odd chromosome) could be
detected.

During diakinesis, however, the bivalents emerge in characteristic
shapes of rings and dumb-bells. The odd chromosome could also be
made out as a small and rounded element. After the dissolution of
the nuclear membrane the bivalents and also the single univalent chro-
mosome are seen at the equatorial region of the cell (Fig. 2). During
anaphase the univalent goes to one pole in advance of the disjoining
halves of the bivalents (Fig. 3) and thus the first division is reductio-
nal for the unpaired element as well as the autosomes. The disjunc-
tion of the autosomal bivalents is mormal.

"The second division follows the first immediately without an inter-
phase. Two types of secondary spermatocytes with 18 and 12 comple-
ments”are clearly seen (Fig. 4). The second division is equational for
all the chromosomes.

Another noteworthy point is the occurrence of polyploid cells in the
@estis of this species. Stray cells of this type are common but in one
individual a cyst of polyploid cells was also met with. They are almost
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Text Figures 1 to 13

) Phyllogonostreptus  nigrelabiatus Newp. Fi
view—accto carmine squash.  Fig. 2. 1} metaphase &
view—scxfchromosnmc can he clearly scen, Fig.4 N
squash. Fig. 11. Polyploid cells (l‘etraplond) '

Thyroglutus sp. Fig. 5. Diakinetic
cl}romosonles and two sex chromosomes are well
view—the X and Y scparate frem  each other precocioysly, °
separated X and Y chfomosonles reach the OpPosite poles v §. 9. anaph
1} metaphase--polar view—p autosomes are seen IL o 2long with the 4y 1er 3¢ late—the
centre. X ca 5000. § n’Ouﬂdlng the sex ¢

Xenobolus acuticonus Aw. Fig 8, |
5 bivalents and the XY complex are well seen. Fj I
chromosomes separate precociously than the res stal anaphase

y tcrystal vi BE - early,—y

late—the X and Y reach the opposite poles oniy yaloil violet section, FiSY lohe Ix and Y
X ca 4000. EWith the rey: Feulgen oPase
TTreulgen  section

seen,
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Fig. 13 Karyogram showing 12 howolagous pairs of chramosomes and a single sex chromo-

some (X), arranged in order of their size, X ca gs00.

invariably in the I metaphase stage (Fig. 11) and are larger in size
than the corresponding normal ones (cf. figs. 2 & 11). From the chro-
mosome counts these cells would appear to be at tetrap‘lmd leve} in hav-
ing about 24 to 28 bivalents. However, the pclyploid cells in other
stages of development were never met with and it 1s.therefore Impossi-
ble to decide about their fate, although by analogy with somewhat simi-
lar instances in the animal kingdom, these might serve some nutritive

funetion for the growing spermatozoa.

II. Thyroglutus sp., and Xenobolus acuticonus Att.

Although these species belong to different families, the number of
chromosomes and also their behaviour during spermatogenesis are almost
similar in both so that a common account is given below.

Meiosis: The meiotic stages are very clear in both the species.
During leptotene there appears to be a slight po'arisation of the ends
of the chromosomal threads and two small hetercpycnotic bodies could
be clearly made out. At zygotene, the polarisation of the paired threads
is more pronounced and a typical bouquet is also seen. The two  he-
teropycnotic bodies which are small and rounded lie separately, close to
the nuclear membrane.

As in the previous case, the pachytene and diplotene stages appear
diffuse and the nuclei are light stained. The bivalents as well as the
heteropycnotic bodies could not be made out clearly during these stages.
During diakinesis, however, the bivalents are seen in the form of rings.
They are five in number besides the two small slightly curved ele-
ments which appear to be connected to each other at one end (Fig. 5).
These two elements, well condensed and deep-staining, are the hetero-
pycnotic bodies. It also appears as though there is some sort of
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association between the two heteropyenotic

elementg
menon will be discussed later.

This pheno-

At metaphase all the bivalents appear dumb-bell shape i

show the enclosed space clearly (Fig. 8). A single elemg d which algq
the association of the two heteropycnotic bodies (as gtqt
could be clearly made out during this stage algg. Dur
however, this complex of the two heteropycrlotjc bodie
and the two elements segregate to the opposite poles.
The separated halves move polewards in advance of the disjoiniy hal
ves of the bivalents but later they seem to wait ag if they were og;l tfill-
spindle and reach the poles only along witp the rest. (Figs. 9 & 10) e

_ed previously)
Ing anaphase’
$ is dissolyeq
(Figs. 6 &7)

The second division follows immediately, [y a polar view of the 1T
metaphase (Fig. 12) five elements, appearing ‘V’-shapeq with eual
arms are seen surrounding a smaller ang rod-like Chromosome_ sitig.t q
in the middle of the spindle. All the chromosomes divide equationaﬁ
in the II division. From the second metaphage it would appear thaz
the karyotypes of these two species prqbably consist of Metacent
excepting of ccurse the two elements which show POsitiva
sis during the meiotic prophase stages.

Discussion

A study of the chromo§omes of the males of thre
lipedes shows many intere‘stmg. ft.eatures, of which the
is the occurrence of sex-determining chromoso

© Slz‘ecies of mil-
most outstgpa;
Mes and thejp behavi:(l)lélf
As Wilson (1911) pointed out, the ?haracteristic sta
of sex chromosomes is helpful in ldentl‘fijng and tracing themroperty
generation to generation. .He.teropycnos1s of sex Chl'Omosome : rom
widespread in the male meiotic prophase of animalg oy thes S very
mosomes have on this account been referreq to as heterochrosex chro-
The two heterochromosomes in Thy.roglzgtus and Xenobolys W}flr}okslomes,
be referred to as X and Y, with no size difference betwee em o may
single X chromosome in Phyllogonostreptus, are POsitively heter;) and tl!e
and wholly so during the early stages of meiotic Prophes pé’cnot}c
keeping with what appears to be a generg] featur - but

ining property

U With membar.
this order, the sex chromosomes also become mdisﬁnguishabl ers of
with the rest of the chromosomes or the autosomeg e along

and diplotene. In later stages, however, theip behaviollgmii pachyte:ne
of ‘their distinctive role. i.e.,, the genetic determination Indicatjye
the species investiga’ged.pre.se.n'-cly, the sex Chromosomes divide In g
nally at the first meiotic division ang equationally e red

at t Uctio.
give rise to two kinds of gametes. € Seconq, ¢,

Cytological investigations, especially chromosome studieg
ly rare in Diplopoda, as stated earlier, ang the only ot ;};éﬁ:ttremg-
0 sex

L

ek
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ec.

i i 1908, 1909) who reported that the male
chromoso.mle S,lza?zyusos t}crklliert‘leierogametic sex with an XO typf gf §§x
of Pac}_zy.w e chanism. The presence of an “.odd ch_rpmosome' 1ur1d§
determlmng_ntliec division in members of certain famllles. of lehop(:m-
he first n}eg)i ted by Bessiere (1948). The present finding of : e
hag, been In hca osome in the males of Phyllogonostreptus th.us a ‘ds Oﬁle
baired sex ¢ Irom_t(.) this type of sex-determining mechgmsm in the
grou gfl?ingl)s?) lends support to the findings by the earlier authors.
group

ism in the males of
ing of an XY type of mechanism in ' ’
o prs Sezg 2’223}%12&3 is the first instance .Of this type in D;‘lp]o-
Th,wvogluél" thzse ‘together with the other species  studied, con rrrt
‘E)}?da-e?\lrl that the male is the heterogametic sex in Diplopoda as in mos
e vi 3 ,
groups of bisexual animals.

on. i i sting to note that in Chilopoda, the
In this confni(lfltmg,a ;ts nﬁg’rgi) :)I:]ge,r:impﬁe sex-determining mechanisms
other order 0‘(0 (::nd more complex ones with multiple sex chromosomes,
with XY ancli e ooetir (Makino, 1951; Ogawa, 1958 and Puttanna,
have been claim d Y chromosomes in the Scolopendridae described by
1959). The 3(5 ;)nand those in Xenobolus and Thyroglutus in the presgnt
Puttanna (; teropycnotic during early meiotic prophase. Such being
study are'te N pbe interesting to consider the qu?stlo'n of their associa-
the case, . 'miznt” formation prior to segregation. The as}somatmn
tion and blvad Y and their subsequent segregatlon. are .no‘rmally
betW?f}n }é élﬂ their pairing and chiasma formation during meiotic pro-
conditioned yM mmalia and Diptera, where X and Y are heteropyeno-
p.hase, and in ?-'n or homologous euchromatic regions though minute
tic, there'are palzlofqu in them. This would imply that heteropyc-
anq crossmgtove;i’asmabformaﬁonv although Pontecorvo (1943) would
nOSIS prevenhs o assumption. Makino (1951) ho}ds’that the XY com-
question sucd a'ns is due to ‘heterochromaic cohesion’ and that chiasma-
plex in Apo /clmu.n holding together the sex chromosomes.' In some spe-
ta play no role i hich possess XY males(Asana and Makino, 1934 ; Mis-
cies of earwigs ‘;Vhe sex chromosomes are strongly heteorpycnotic during
ra,\.19_37) ?vhigese the improbability of any chiasmatq between the X
gltgogccﬁigglosorﬂes has also been pointed out by White (1954).

; escribed in the present study and also
in the Sen anddY'dc;r%r:::ﬁrél;ds l()iy Puttanna ( 1959) are entirely hetero-
o thet.Scor]l(zipesr(l) ?;r és could be made out there is no trace.of any cyto-
11>ano]llc Setectable chromatin other thar} 'heterochr(')mgtm. ljlurthgr,
t(;lglicadge staining in Feulgen at the begmm'ng Of melptlc prophase 11);1-
di(?alges t}?at they are heavily ‘charged’ with nucleic ac1$1. and probably
tightly spiralised. In the present instances, these. bodies were always
seen to hlie separately in leptotene and zygotene, while t}le aut}cl)sct)er;lles arg
paired. Although their behaviour could not be traced in pachytene an



98 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [v
. ] L
diplotene, like those of the autosomes, it is hj N 2
Eﬁzlpaggetz duz-m,gt thesg §tages as well. lbkllg?éyfgzg)ablet at the
fOrmyat- at any true pairing, chizsmg formatjon Make it highi
nation are involved. Hcowever, theip regula and regy],
pesite poles require Some mechanism whicep, W;T’SSgrggaﬁCn
and effect Proper orientaticn on the spindle Aud bring them
teroc.hromatlc cohesion described hy Makino (159_5 ated alreaqy
glez;xtnsm would seem to be operative n the C)-1) or some g,
teitz. (1929, 1933), McClintock (1933) ang § Present ingt, ne-
sidered possible a mutual attractiop betwe \h hrade
sulting in a tendency to come together err}hetern
forms of Myriapoda so far describeq thus seee
;if:tpggéz);:gmatlon of the type indicateq ar}?ove at diak:
. lakm‘eSis and g
a

< comp]
to b blex

The earlier studies of Oetti
nger (1908, 19
Solkoloff (1‘914? on  Polyrenys (cited 1?9) o Pa.chyh‘l”S an
only investigations sg far on the chroquoc Makmo) € dtlf(;f
SOmes  of e

and the number epe . ;
Pachyiulus, ang rf ip\értei(; ;I’I(f}yr?;z]u :Th25 and o dli’éODOda
o . . 3. = .

Sf?ﬁg r;)R 25 (24 + X)in Phyllogongstreprye Jresent gp o
ed by Oettinger. But so far no l'eferenco'to St Similar ¢, th ?1(;)11

o & opie: ob.

logy of the chromosomes is available n gp
o o avall y di
glf-ibt:; ::;Ott}lﬁ ch;"tomostomes'of {)lz_z/!lngon031‘,-61)};}5!;;(1. | e Aryogram
the oy chromoi attempt, which is the first i this qiy alreagy en ¢ o
contries oy T;hqr.rleslas well as X chromosome iy th'eCtlo ' Showg t}f&
10 4 ‘{ g broglutus and  Xenobolus it was gp, 'S for at
( A+ Y)andn — ¢ (5+ X or Y). AIthoughsng"n that 2n\12
rm T

metaphase chromosomes that a styg criti
: ) all the cal
nothing could be said of the sex chbong(t)(rfg:les are metacQ;ltr.second

The diplcid chromosome numbers of the i
o, s vy £rom 12 To 25 and iy ‘peaeiot® famile oy
chromosomes in speci 0 oceur in them, Tpg occurrc N Metacenyr,
with haymes b E)pecws with lower Numbesrg and acrfmce 0 : oll
With hi umbers may prove to have some Signi oentrics i i
lonary point of view, although in the presentg:]tl cance from ts s
sta

of the cytology of this crder ¢ e
sumptuous. » 40 such conelygiey, WOu?(fi %“r knowled‘g:
: * Tather Pre.
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Summary 7 |

1. The chromosomes of three species of millipedes (Diplopoda:
Myria.p-oda) viz., Phyllogonostreptus nigrolabiatus Newp., Thyroglutus
sp Harpagophoridae: Spirostreptida) and  Xemobolus  acuti-
co;ms Att. (Xenobolidae: Spirobolida) have been studied, especially

with regard to sex determining mechanisms,

9 The chromosome numbers of all the three forms have been de-
termined for the first time. 2n=24-+X and n=12 or 124X in Phyllogo-
nostreptus while in the other two forms viz., Thyroglutus and Xenobo-

lus it has been found that n=54X or Y.

3. The spermatogonial chromosomes of Phyllogonostreptus alone
could be studied critically. In this form 2n—= 24 - X as stated al-
ready and all the 25 elements of the complement are acrocentrics. Six
pairs of them appear large and rod-shaped while the rest appear more
rounded and stout. The X chromosome, which is unpaired and globu{

lar, is the smallest of all,

4. In all the threespecies studied, the male is the heterogametic
sex. In Phyllogonostreptus is seen a XO type of sex determining me-
chanism while in the other two species studied it is of a XY type.

5. The sex chromosomes show positive heteropycnosis in all the
three forms. In Phyllogonostreptus there is only a single heteropycno-
tic element but in the other two forms there are two such elements.

6. The pachytene and diplotene stages are diffuse in all the three
Consequently the formation of the chiasmata and also their ter-

forms.
minalisation and other related phenomena could not be studied.

7. The X chromosome of Phyllogonostreptus and XY chromosomes
of the other two species show a similar behaviour during meiotic divi-
sions, i.e., they divide reductionally in the first division and equational-

ly in the second.
8. The X and Y elements in both the species of Thyroglutus and
Xenobolus do not vary much in their size, and during diakinesis and

metaphage, they form a temporary and ‘non-specific association. This
temporary association between the sex elements is presumably only to

facilitate their regular segregation.
9. 1In all the three species the sex elements show precession but
the autosomes also join them before they reach the poles.

10. In Phyllogonosireptus because of the XOltype of sex déter-
mining mechanism, two kindg of spermatocytes are geen—one with 13

°
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complements and the other with 12 only. In the other two species the
secondary spermatocytes are found to be either 5A + Xor54 + Y.

11. In the diploid testis of Phyllogonostreptus polyploid cells at
the tetraploid level are of common occurrence. In one individua] a
cyst of such cells was noticed, whereas normally only stray celly are
common. Moreover, these cells were observed always at the first me-
taphase stage only and never at any other stage.
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Introduction

Malformations of the head may be obtajne d b .
eggs (Witschi 1952), centrifugation of uncleaveq ¢ 285 | 1{ Over-ripenegg of
by cultivation of the germs at high temperatyreg (Hoa ;lsteels 1940) ang
over similar abnormalities result from 4 treatmen €y 1938). More.
gastrulae with lithium chloride solutions (Lehmapy 193'(;? blastulae and
and with butyric acid and acetone (Werbep 1916). S, » Pastee)q 1945)
tensive are the disturbances that follow applicati(;n ofmeWhat less ex.
of other chemical substances, salts and oy ga'nié o a large Variety
1938; Hertwig 1895; Holtfreter 1933) MPounds  (Dayge,

When the freshly fertilized eggs of Gasterosteys
jected to temperature treatments, varioug types of teuleqtyq are gub.
produced (Swarup 1958, 1959a, 1959b). In the Drese abnormayitieg are
is given of those abnormalities Which are pro du(:edn-t Paper gn account
causing microcephaly. ' the heag region
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Material and Methods

G. aculealus, a small fresh water fish, was made to breed in the
laboratory and its eggs used for the present work. A fuller account
of the material used is given in earlier papers of the series.

Temperature treatment to the freshly fertilized eggs was provided by
immersing them in water of the requisite temperature.

Observations
Production of abnormalities:

The temperatures vsed and the types of head deformities produc-
ed are given in Table I. The malformations here are the defects in
the brain, eyes, olfactory and otic regions. Since a defect of the eyes
is very easily detectable, it has been taken as a criterion for the classi-
fication of the microcephalic forms.

Table 1—Showing the microcephalic abnormalities

Eggs Gastru Synoph- Monoph- Microph-  Anoph-
Treatment treated lated thalmia  thalmia  thalmia  thalmia

32.5° to 37.0°C.

for 5 minutes 936 437 23 0 717 0
0°C. for § to
3 hours 6069 1597 60 9 117 9

The types of microcephaly produced are Synophthalmia, Monoph-
thalmia, Microphthalmia and Anophthalmia. Synopkthalmia and Micro-
phthalmia are the most frequent both in hot as well as cold treatments.
Monophthalmia and Anophthalmia have been observed with less frequ-
ency in cold treatment while in hot treatment, these abnormalities were

not observed at all.

Synophthalmia:
Under Synophthalmia are included those cases in which the two eyes

show various degrees of ventral approximation. In the extreme case
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both eyes fuse but their composite character remains ext

nisable. The terms Syiophthalmic Bileutic i, o
‘ @ and Synophthaip;

i Uniley.

€ fuseq, respec-

. : 4 way that their .
nature is not discernable externally, the terms Cyclopig Oile;l €omposite
- Monophthq).

lica are used when the two lenses remain distinct oy ar
tively. When the two eyes are fused in such

Text-Tigs, 1 & 2:  Scetions through  the (e

I'Cgi(m of

Yophihalm;e

o Syrophthalmia Bilentica; o Cyclopia Synophthatmia B I
) : = biain, g

embrygs;
. . TG Xag,
mia Mediana are used. If, however, during a micr
0s¢e

of sections, an eye is found to consist of two Opic €Xaminatioy

the term Cyclopia Synophthalmia is used. Cycl(l;);,el-zd;d COmponentg
t.ion in which the composite nature cannot be maq €rfecta ig a congd
tions. Most of the Synophthalmia abnormalitieg are Out even jp sec
mia Bilentica or Cyclopia Synophthalmia, These tvj eithey Synophthal
in figures 1 and 2. O Cases gre showp
Monophthalmia :

This is a condition in which only one eye is preg
side, the other eye being absent. To distinguish th nt.

pia or Monophthalmia Mediana, the term Monophs

bt O Gyl
a . -
mig, Asymmetricq
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is also used. Apart from the lack of one eye on ane side, the embryos
appear almost normal. Sections of early stages confirm the cenditisns
obserevd in the living state (fig. 3). In c¢ne advanced embryo sections
revealed however that a lens had also developed on the other side (fig. 4).

throngh the eve region monophthalmic embryos;
E = cye, L - lns developing without the cye

Text-Figs. 9 & .{: Scctions passing

3. carly stage; 4. late stage B = brain, B
cup.  Magnifications X162 and X108 respectively.

Such a self-differentiation of a lens without the presence of an eye
cup is not common among vertebrates. This second lens is only slightly
smaller than the normally induced one of the other side.

Microphthalmia :

In this category are included all those forms of abnormalities in
which eyes are in their normal place but are reduced in size and may
then possess other defects. The two examples illustrateq in figureg §
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and 6 represent one case in which b
and one in which one eye is normal and
In both these cases, the presence of pig

oth the eyes are rudi
the other rudj
ment in the ¢

Mentary (fig, 5
Mentary (fig, 6)?
Ve epithelium ig

Text-Figs. 5 & 6: Sections through the m“c regi i
eyes rudimentary; 6. one eye normal, rl,he other rl‘lgﬁzomncn(:;r;mcrgph(halmic embryog;
. ¢ B = cyes; XiBs,
noticable although the eyes were arrested in their morphol 2
ological ¢
€ve-

lopment at a stage in which normaj emb
histological differentiation as pigment. 1708 do not exhibit any such
Anophthalmia:,

The microphthalmic condition in its
extr i
absence of any eye. My anophthalmic embrfrgle o CharaCterised by the

S usually POssesg poorly

Text-Fig. 7. Section through the eye region of ano

. . phthalmj
differentiated and deeply buried eye ru dimentg (;1; embryo, X6,

nal examination gave the Impression of g total absge'ngg a}though exter

S ol eye anlagey,

ragen,
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Discussion

Very many interpretations have been offered to explain the abnor-
malities of this type but none is satisfactory. Werber (1916) and
Wright (1934) assume that teratogenesis follows from differential des-
truction or inhibition of dominant regions, which are most susceptible
to damaging influences. On the other hand Harrison (1945) and Leh-
mann (1937) believe that the malformations are expressions of defects
in corresponding regions of the head organisers in the roof of the ar-
chenteron. Pasteels (1937, 1938) has postulated a chemical gradient con-
cept. According to him all embryonic tissue differentiations are caused
by one and the same hypothetical agent (‘organisine’) and that quatita-
tive differences between the inductions are due to different concentra-
tions of this agent.

A possible explanation for the development of microcephalic forms
in the present experiments might be given on the basis of weak secon-
dary inductions. Differentiation is determined not only by interaction
between different germ layers, but is modified also by the action of sur-
rounding cells which limit the type of a structure formed by any parti-
cular cell group. Such secondary effects may be responsible for the selec-
tive reduction which is sometimes seen in the head region. It is possible
that the appearance of fluid filled spaces (‘oedema’) between the in-
ducing and reacting tissues, may be responsible for the inhibition of or
unequal differentiation of head organs. It may be mentioned here that
many fish, which developed from the temperature treated eggs, later
suffered from oedema and ultimately died.

The interesting case of monophthalmia in which a lens did develop
in the absence of an eye cup, is similar to Spemann’s and also Ten
Cate’s observations in Rana esculenta (Ten Cate 1956). The possible
causes of an abnormality of this type have already been discussed by the
author (Swarup 1959).

Summary

1. Microcephalic forms are produced when freshly fertilized eggs
of G. aculeatus are subjected to heat and cold treatment.

2. The malformations include Synophthalmia, Monophthalmia, Mi-
¢rophthalmia and Anophthalmia.

8. The production of microcephalic forms is related to weak se-
condary inductions.
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Introduction

Fauvel (1953) states that occurrence of 1}1gworms is rare in the
tropical paris of the Indian ocean and no species of lugworm has yet
been recorded. However, Ranade (1952) discovered for the ﬁ_rst _tlme
the occurrence of lugworms from Bombay, the taxonomy of which is of
considerable interest, since some of the external and internal features
reveal deviation for the species already described (Ashworth, 1912).

Material and Methods

The lugworm in Bombay is found in a muddy flat, in the intertidal
zone. Live specimens were collected and brought to the laboratary, where
they were narcotised in sea-water, using either menthol or 7.5 per cent
magnesium chloride. The latter was found more effective. For the
relaxation and distension of the worms, the method adopted by Wells
(1950) was used. They were then preserved in 4 per cent forma-

lin.
Description
The largest specimen collected so far measured 250 mm. in

length, including the tail length of 55 mm. The fresh live specimens
are reddish-brown in colour. The region of the trunk is very deeply

. goloured, showing little variation from the other parts.
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The body consists of a prostomium, peristomium,
segment, chaetiferous segments and tail segments (Fig.
are 17 clhaetiferous segments and this number wag foup
ant in all the specimens examined. Variation w:
in the total number of tail segments, the numb;s’va}:;'vivnege;’» observed
to ten.  The annulation formula of the lugworm is o _?Om‘__se‘ven
34.iv.avdavid ... -1 3. iii 3 or

an  achaetoyg
L, a).  There
d to be const.

Prostomium is a  tri-lobate structure. The miqq) .
prominent and larger than the lateral lobes which ari }Iﬁge IS more
nuchal groove. ldden in the

The notopodia are present on the dorso-latera
chaetiferous segments only. Each notopodium
conical elevation—the chaetal sac, from the mout
chaetae project. The chaetal sac extends intg
chaetae are capillary and laminate, with their ma
and tips sharply pointed (Text-fig. 1, ¢).

1 aspect of

c0n§ists of a cy?ilrlldtrl‘loEi
h of whicp the tips of
thg body cavity, The
rging typically dentate

The neuropodia which appear as muscular rig
the ventvo-lateral sides of the animal. These are
the chaetiferous segments, except in the first two.
ridge there is a row of crotchets. Each crotehet
made up of a shaft ana a rostrum, both of which 3
or less in the same axis.

ge8 are situateq on
clearly visiple in all
In the Neuropodial
(Text-fig. 1, d) is

Ppeayr tO be more

There are eleven pairs of gills, first pair bej .
seventh chaetiferous segment. Each gill exhibitg aelﬂfmf)lf uated on the
type stems or axes (Text-fig. 1, e) which radiate frop a ;g of pinnate.
trunk. The first pair of gills are the smallest, each consi 1?mflon basal
six to seven axes. ~ The number of axes increase postapi Stng of only
in the last segment have nearly 14 axes. lorly. The gillg

A pair of septal pouches, situated in the antep
first chaetiferous segment, extend in between the ﬁ;‘slit:)ramar
transverse septa (Fig. 1 b). The average lengty of th nd
approximately 8 mm.

gin of the
the seconq

There is a pair of oesophageal glands which are coni .
and with a curved base (Text-fig. 1, b). el in shape

There are seven pairs of nephridia and thig num
stant in all the specimens examined. The nephy; dia as found ¢qp.
ments between the fifth and eleventh (Fig. 1, p %pen In the geg.
the funnel of each nephridium is frilled ang the .mid e dorgal lip of
ventral lip is slightly thicker than the anteriop and .pe)l:tergglon of the

Tlor Portiong

or w

Nephridium.

Statocyst (Closed type)s

Internal Anatomy..
f.

b.
gland; Bri—st gill;
I'es.—Vesicle, g.

Nephridium Dc¢.gl.—Oesophageal
Dorsal axis of the gill (pinnate type),

€.

N. 1—ast
d. An unworn crotchet.

fugworm. Ph —Proboscis; 1 Ch.Se.—ist chaetiferous segment; Bri—st gilf; Bril—ith giil.
f the nephridial funnel; D.L N.F,—Dorsal lip of the nephridial funnel;

Tip of an unworn chaeta.

C.

Entire distended
Pr.—Prostomium; 1 Ch.Se.—1ts chaetiferous segment Sp —Septal pouch;

a.
V.L.N.F.—Ventral lip o

N7—#th nephridium.
with statoliths.
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(Text-fig. 1£f). All the nephridia open behind the y .

of the corresponding neuropodia. pper terminal ends
The statocyst is a closed bag-like structure, situategq

lateral side of the oesophageal connectives, and co'ntainsolrln:he dorso-

liths. (Text-fig. 1, g). ny stato-

Discussion

Comparison of the characters of the Bombay lugwcrm
of the other species of Arenicola already describeg (Ashw
shows that the Bombay lugworm comes near to either
(Simpson) or A. glacialis (Murdock) or A. glassel; (Berke]
keley), but does not fully conform, as can be.seen from tﬁ
table, to any one of these three species.

Wwith thoge
orth 1912)
A. cristatq
Y and Ber-
e following

———

Number of

chaetiferons Nmnl_)er of N mnbe‘r pf
segments gills nephridia Statocyst
A.cristata 17 11 pairs 6 pairs closed with
: i
1st on the a single
5th segment statolith
A.glacialis 17 11 pairs 6 pairs - Open with
i
1st on the ma
any statel;
4th segment woliths
A.glasseli 16 10 pairs 7 pairs o Iglosed with
1th a
lstonthe single gyt
5th segment
- ; —
Bombay 17 11 pairs 7 pairs Clos;x';};\““
lagworm : o
gw, 1st on the many 8tatolithg

5th segment

\
The number of chaetiferous segments, the ny .

number of nephridia have been considered as thr;:b;;iﬁf glll.s and the
, chara.cters in identifying different species belongin tdlstlnguishing
Arenicola. Berkeley and Berkeley (1939) state “the Srfall 0 the ge
sexually mature) individuals, the presence of only 16 set; °r Size (of the
and 10 pairs of branchiae and particularly, the presencgerous Segmentg
- of nephridia, all of which are constant in the materig] eegI:?Ven pairg

! ed; Seem
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to sufficiently differentiate it from A. cristata to necessitate the establish-
ment of a new species”.

Since the Bombay lugworm also does not conform to any of the
three species in the combination of all the three distinguishing charac-
ters, there is sufficient justification, in assigning to it the independent
status of a new species. Moreover, it also differs from A. cristata, A.
glacialis and A. glasseli, in the type of the statocyst and the number of
statoliths in it.

The authors, therefore, propose to name the Bombay lugworm A.
bombayensis (sp. nov.). The chief distinguishing features of the Bom-
bay lugworm are as follows:—

Caudate Arenicola with 17 chaetiferous segments. Even pairs
of pinnate type of gills, first pair smallest and situated on the seventh
segment. Median lobe of the prostomium much larger than the lateral
lobes.  Neuropodia clearly visible in each chaetiferous segment. The
rostrum and the shaft of each crotchet appear to be in the same axis.
Seven pairs of nephridia opening on the fifth to the eleventh segments.
A pair of oesophageal glands conical in shape and with a curved base.
A pair of septal pouches, extending between the first and the second
transverse septa. A pair of closed staocysts, with numerous statoliths.

Revised key to the species of Arenicola

I Caudate species.
1. 19-20 chaetiferous segments; 13 (or 12)
pairs of gills, the first on the 7th or
8th segment. 2

16-17 chaetiferous segments; 10 (or 11)
pairs of gills, the first on the 6th or

Tth segment. 6
2. One pair of cesophageal glands. 3

More than one pair of oesophageal
glands. 4

8. 6 pairs of nephridia, 1st opening on
the 4th segment; statocyst open,
with many statoliths. A. marina

(L)
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5 pairs of nephridia, 1st opening on
the 5th segment; statocyst closed,
with a single large statolith.

4. 20 chaetiferous segments; 6 pairs of
nephridia, 1st pair opening on the
4th segment,

19 chaetiferous segments
5. 6 pairs of nephridia, 1st opening on the
4th (or 5th) segment, statocysts
open with many statoliths.

5 pairs of nephridia, 1st opening
on the 5th segment. Statocyst
absent.

6. 6 pairs of nephridia
7 pairs of nephridia.

7. Gills pinnate; 1st pair of nephridia
opening on the 5th segment; Septal
pouches larger; Statocysts closed
containing single large statolith.

Gills bushy; 1st pair of nephridia open-
ing on the 4th segment; Septal pou-
ches small; statocysts open, with
many statoliths.

8 10 pairs of gills; 16 chaetiferous
segments ; statocyst closed, with a
single statolith.

11 pairg of gills; 17 chaetiferous
segments; statocyst closed, with
many statoliths,

A.. loveni
(Kinberg)

A. assimilis

(Ehlers)
5

A. assimilis
var. affinisg
(Ashworth)

A. claparedi;

(Levinsen)
7

8

A. eristatq
(Stimpson)

A. glaciglis
(Murdoch)

A. glagsel;

(Berkeley &

Berkeley)

A bombayeng;
(Sp. Nov.) °
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1I. Ecaudate species.

1. 18 pairs of mnephridia; 1st pair of
 gills on the 16th segment. A. ecaudata
(Johnston)

2. 5 pairs of nephridia; 1st pair of gills on
the 12th segment. ... A. branchialis
Audoin & Edwards)
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Introduction

The binomics of the foreign species of Myctophoidea or lizard
fishes belo:nging to Callionymus, Synodus ang Saurus have been studied
by Raffaele (1888), Ehrenbaum (1909), Lebour (1922) and others T;
feeding habits of the Indian species of Harpodon, S : ©

; ynodus and
have been studied by Hora (1934), Gopinath (1946) ang Chacko (fg:;:;s
Vijayaraghavan (1953) collected eggs of S. fumbil from the plankton and.

reared them for forty-eight hours after hatching. He also collecteq
from fishermen’s nets the post larvae and analysed their fooq. But the
age of the larvae could not be definitely determined, The present
author was able to artificially fertilize eggs and follow the development
upto identifiable juvenile stage. A brief general account of the early

development of the eggs and the feeding habits of the larvae and juve
niles is given in this paper. Juve-

On 18th December, 1956, two males and tw
separated from a large number of live fishes broy
These mature fishes were left in a large glass tan
observation for about three days. Later they were cut open
milt and the eggs were mixed in a smalj glass b L open and the

. oWl of sea water
few eggs were pipetted on to a slide and obse ' - A
scope. o bserved  undey the micyo-

o females were
ght to the laboratory.
k and were kept undey

N
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Eggs:

They are pelagic, perfectly spherical and have an average diameter
of 1.12 mm. Examination under microscope shows that the egg mem-
brane is thin and marked by hexagonal areas of approximately equal
size, measuring about 0.034 mm. across. The yolk is clear and transpa-
rent and contains no oil globule (Fig. I).

A few minutes after fertilization the blastodisc is formed by the
protoplasm accumulating at the lower pole of the egg, the yolk becom-
ing whitish and less transparent. The gathering of the protoplasm at
the animal pole results in the compression of the yolk in that region
bringing the perivitelline space into evidence. The actual streaming
motion of the protoplasm so well described by Ryder (1884) could not
be seen in the case of Saurida tumbil. The completion of the blastodisc
took about forty-five minutes at the end of which it had a lenticular shape
with the protoplasm merging into an extremely thin peripheral layer
that continued to surround the entire yolk sphere (Fig. 2).

The first cleavage begins about sixty-five minutes after fertilization.
The first sign of division is initiated by a slight lengthening of the
blastodisc on either side of the egg axis resulting in a groove at the
animal pole of the egg. Into the deepening transverse furrow the yolk
extends as a plug and helps the separation of the two halves of the
blastodisc. Above this blastodisc the transverse furrow extends through
the thin layer of protoplasm surrounding the yolk without however di-
viding the yolk. Segmentation is limited fo the blastodise. In about .-
an hour and fifteen minutes, the segmented blastodise becomes dome-
shape and distinct from the rest of the egg (Fig. 3). After the comple-
tion of the first cleavage there is a resting period of about ten minutes.
The second division is completed in fifteen minutes, in the same man-
ner, being also meridional but at right angles to the first. (Fig. 4). After
the second cleavage there is an interval of about five minutes, and the
third cleavage was completed within an hour and fifty-five minutes. It
is accomplished by two lateral furrows appearing simultaneously one on
either side and parallel to the first plane of cleavage. This results in
eight cells. (Fig. 5). The fourth cleavage follows immediately after the
third and is in the form of two simultaneous furrows producing a sixteen-
celled blastoderm (Fig. 6). The fifth cleavage which results in thirty-two .
cells takes place approximately after five hours and is followed by the
sixth and subsequent cleavages resulting in 64, 128, cells etc. The ‘blas-
toderm consisting of two layers of cells in the eight-hours-old egg
(Fig. '7), exhibits a well rounded blastodermal cap. By about the 10th
hour this becomes further pronounced and is conspicuous op the lower
surface of the yolk (Fig. 8). The blastodermal cap of Saurida tumbil
is smaller in size than that of Parophrys vetuls (Paul 1940).
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When sixteen hours old, the eggs show a distinct well-marked area

at the base of the blastodermal cap which becomes marked with black
* dots. This indicates the formation of the segmentation cavity within
the blastoderm (Fig. 9). The floor of the cavity is concave and the roof
convex. With the blastodermal cap this cavity is pushed towards one
side by the occurrence of a group of cells on the opposite side. Thi.s
group of cells becomes a thickened mass destined to form the head rudi-
ment of the embryo. By about the 20th hour (Fig. 10) the blastodermal
cap had become so large that its lower limits extends very near the
equator of the egg. The roof of the segmentation cavity becomes so
thickened along the mid-line that the cutline of the body of the future
embryo can be made out. By about the 22nd hour (Fig. 11) this
thickening on the roof of the segmentation cavity appears continuous
with the group of thickened cells mentioned before to form the body
and the head of the embryo. In the 33 hours old egg (Fig. 12) the. em-
bryo nearly encircles the whole of the egg and has eyes and auditory
vesicles. In such an embryo pigment cells can be seen and a pulsa.ting
heart can also be discerned. Fig. 13 .s'how.s the embryo fort‘:y-elg'ht
4 hours after fertilization. The embryo lies coiled almost into a ring and
is more superficial to the yolk., but close beneath the egg membrane. The
myotomes as well as the unpigmented eyes can be seen cleal_'ly_through
the egg membrane. The tail end of the embryo. twitches perlod{c‘ally. 20
minutes after this, i.e., two days gnd twenty minutes after fertilization,
the embryo hatches, the tail being thrust out of the membrane and

lashing about.

Just hatched larvae (Fig. 14):

On the second day at about 7-20 a.m. when the larvae hatch out, they
measure about 2.8 mm and are seen to daljt from place to plac.e when the
bowls in which they are contained are disturbed. The yolk is not com-
pletely absorbed and the dorsal and ven_tral ﬁ_n-f.olds: are continuous
and entire round the caudal region. There is no mdlcatlop of‘ the mouth
or gill-slits. The gut is narrow and .long and the anus is situated un-
der the 35th myotome and nearly nineteen pos.t-anal myotomes were
counted. Under high power the muscle fibres in the myotomes show
crossed arrangements characteristic of the clupeids. Black pigment
spots are seen scattered irregularly all over the body.-

Larvae 3 days old (Fig.15):

* On the third day morning they were 3.2 mm. long. The mouth is
not formed, and the eyes are still unpigmented. The rudiments of the
pectoral fins are seen below the 3rd myotome and_behlnd the enlarged
auditory vesicle. There is no change in pigmentation of the larvae, :er
the number of myotomes or the condition of the median fins. The yolk
is much reduced.

Saurida tumbz’l-Text-Figs 1&19
1. Unfertilized egg, 2. Blastodise, 3. Two celg :
6. Sixteen cells, 7. Early blastodermal cap., :
9. Segmentation cavity, 10. Germ ring a

nearing closure, 19 A

4. Four cq]
8. Comploteq -

y D, Elght
eted cells
pproaching equatorl’)lastoderma

dvanced embryo. v Blaﬁtopor;
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By the evening of the third day, at about 5 p.m. the yolk is com-
pletely absorbed and the post-larvae grow to 3.3 mm. (F¥ig. 16). The
eyes are pigmented. The black pigment spots on the body are concen-
trated into nine patches, four paired and one unpaired, dlong the ven-
tral border of the myotomes. Of these, three paired ones are in front
of the anus, one is just above it and the single unpaired patch is on
the lower side of the tail. The post-anal myotomes are now clearer and
twenty can be counted. The fin-folds are still continuous, but pectoral
fins are very prominent. Gills begin to appear and four are clearly visi-
ble. The mouth is in communication with the alimentary canal.

Out of a total of 384 pro-larvae hatched in the laboratory
sixty-nine died at this sage and the remaining became post-larvae. The
larvae were separated into lots of twenty-five and reared in separate
dishes. Some lots were supplied with copepod (eggs, nauplii and adults),
a few were supplied with cirripede larvae a few others with diatoms,
molluscan larvae, polychaete larvae, and species of Diatomaceae and few
others with other items of planktonic food. The different lots of lar-
vae were kept under close observation. It was found that the
larvae feed only on copepod eggs, nauplii and adults. Thereafter all the
fish larvae in the different dishes were supplied with only this item of
food. Daily observation showed that the post-larvae feed upon Oithona
sp. Acartia sp, Eucalanus sp, Pontella sp, Corycaeus sp, Pseudodiaptomus
sp, and Acrocalanus sp, till  they are fourteen days old and grew to a

length of 10.8 mm.

Larvae 15 days old (Fig. 17):

The mouth is wide and minute teeth can be seen on the lower jaw.
The median fins are still continuous. The pectoral fins are considerably
enlarged in size and are devoid of fin-rays. There is no change in the
number of pre-anal myotomes and the myotomes are slightly broader
than in the previous stage.

In the matter of feeding there is a change. They do not feed any
longer on copepods which form the diet during the preceding days. Into
one dish a small quantity of unsorted plankton was introduced. After
an interval of two hours, the post-larvae were killed and their stomach
contents teased out and examined under the microseope. It was found
that they had fed upon 32% of molluscan larvae, 30.4% of polychaete
larvae and 37.69, of diatoms. This experiment was repeated in each
dish and the results show that the post-larvae at this stage prefer a
mixed diet of vegetable and animal matter.

It cannot be however concluded that they avoided crustacean food,
for Vijayaraghavan (1953) who had collected post-larvae 10.2 mm—14 mm
long from the sea, had found that they fed on cirripede larvae and cope-
pod nauplii. He had also obgerved that the diet included Dinophycae



122 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. |}, No. 2

like Ceratwum sp, Procentrum sp, echinopluteus larvae, ete. It is pro
bable that the larvae reared in the laboratroy rejected these itemg Oger-
ed to them preferring the diatoms in the dish. That the fifteen da ;
old post-larvae show a preference tor a mixed diet is however cleir
since they thrive on such a diet till they are thirty-three days old.

Larvae 26 days old (Fig. 18):

The larvae have grown to 18.8 mm. and the operculum i
ed and prominent. The larvae have become opaque and th: ‘;Vne)lri)tfc?rlr‘lm-
and the alimentary canal cannot be made out. The region of the p eg
in front of the orbit becomes a prominent snout. The mouth was vea
wide and the angles of the jaws extended beyond the hind ridge of ikl;y
orbit. .The lower jaw is jonger than the upper and there are nu y
ous minute sharp teeth on both the jaws. Pigmentation is similamer-
that of stages described above except in the caudal region wher rtto
black branching chromatophores become mcre scattered but arrz e
along the mid-ventral line. The caudal fin-rays can now be see i
clearly and there is a slight indication of forking. 1l more

Larvae 34 days old:

Though the post-larvae have grown to 224 mm. i length
§4th day, there is not much change in the external features.g Bu(;ndthe
ing the next eight days, the growth of the larvae ig slower, though ml'-
the features of the juvenile stage develop. gh all

As on the previous days others items of food pripe;
ceans were introduced to see if the diet changed. IIZ vléglspat!gr firuStw
these larvae which grew to a length of 24.8 mm. were able tofnd that
chiefly Lucifer, larval Acetes, andlarvae of fish geners ik ze ' upon
thus sp. Stolephorus sp, Clupea sp, Upeneus sp, ang Scz'ae'ne €10gngq.-
small sized copepods were neglected. @ 3p. The

Juvenile 42 days old (Fig 19):

Adult features are fairly well defined in these, thoy h t
dorsal fin is not fully developed. Two kinds. of teeth can bg(; d'hq' second
ed in the jaws, one short and conical and the other long lgtlngulsh,
These two types of teeth occur alternately in the same rOWa% narrow,
is prominent and is placed in front of the eye. The meg; Be nostri]
well differentiated and the fins have developed rays The lan
hgs eleven rays and the second one is membranoﬁs Wit% first dorsa]
directed lobe which subsequently develops into adipose f b aCkWard]y
grown adult fish. The anal fin is placed immediately pe| 1n the fyj
fin and has ten rays. The pectora's are situated above t}(;w the adipoge
abdominal spots and has fifteen rays in each. The vent e first pair of
only as two stumps, but have nine rays as in the ful]rals are present
are placed below the second pair of spots, ETOWn fish apq

fins are
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Feeding experiments conducted show that the juveniles feed chiefly
on a variety of animals. Though Lucifer, Acetes, and Mysis formed
the major item of food, copepods (Pseudodiaptomus sp. Oithona sp, Eu-
calanus sp, Acartia sp, Temora sp, Euterpina sp) larval decapod and
cirripede larvae are occasionally found in the stomach. In the juvenile
stage also a predominant portion of the food consists of fish like
(Leiognathus sp, Stolephorus sp, Gazza sp, and Clupea sp) as in the
previous stage.

A total of 218 adult fishes were examined. Prawns (Penaeus sp)
formed the major item of food. Teleostean larvae and adults (Stole-
phorus sp, Engraulis sp, Trichiurus sp and Leiognathus sp) were often
found in the stomach. Small amounts of copepods (Acartia sp, Oitho-
na sp, Eucalanus sp and Paracalanus sp), cirripede larvae, larval deca-
pods and Sagitta spp also were found in the stomach.

Summary
1. Brief account of the previous work on the bionomics and feed-
ing habits done both in India and abroad is reviewed.

2. The various stages in the life history of Saurida tumbdil are des-
cribed with notes on the artificially fertilized eggs and the changes

taking place during the development are added.

3. Feeding begins invariably with the transformation of the pro
jarvae into post larvae. The fish begins on a diet of copepod eggs,
Nauplii and adults during larval stages, but gradually changes over to
larger pelagic organisms as it grows and finally subsists on planktonic
as well as nectonic organisms when they become adults.
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Introduction

The distal end of the tibia of each of the three throacic legs, i.e.,
the fore-middle-and hind-legs, of termites (Insecta: Isoptera)
carries a number of large spurs, called the “apical tibial spurs”,
which are readily distinguishable by their larger size, stronger build
and darker colour from the numerous spines on the remaining por--
tion of the tibia. The number of the apical tibial spurs on each tibia
usually varies from 2 to 8, and it is sometimes possible to use them for
the separation of genera, and of species within a genus. This number
is generally expressed in a definite order, viz, those on the fore-tibia,
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middle-tibia and hind-tibia, and the expression is then called the “apical TABLE 1.,—Apical tibial spurs in the genus Coptotermes Wasmann.

. ’e . Cpiye .
tibial spur formula” or simply tibial spur formula”. Thus, the for- Note :—The number of apical tibial spurs is mentioned in the following order: Fore-tibia, middle-tibia

mula 3: 3: 2 would mean that the number of apical tibial spurs is 3 and hind-tibia,

in the fore-tibia, 3 in the middle-tibia and 2 in the hind-tibia. Serial Species of Locality of specimens ("L%es eX:Lo1i11e\;(1, and
No. Coptotermes examined i 7&]7)‘17(?7]}31]]7‘@?13
- . Imag Soldier | Work
While carrying out a revision of the oriental members of ¢ £ P mago | Soldier | Worker
. . ' e ter- 1 | acinaciformis Australia ; 3:2:213:2:2(3:2:2
mite genus Coptotermes Wasmann (family Rhmotermitide’ subfamily (Froggatt) New Zealand
" . . 2 lamanii Sjostedt Tanganiyka (Africa) 13:2:213:2:2,3:2:2
Coptotermitinae), we found that while the older authors (Wasmann, 5 | soetonensis Kemner | Java ( ) = 3:2:218:2:2
1896; Desneux, 1904; Holmgren, 1913) gave no indicati 4 | ceylonicus Holmgren | Ceylon ; India 3:2:213:2:213:2:2
. o . ication of the num- 5 | crassus Snyder © Mexico 3:2:2/3:2:2]3:2:2
ber of apical tibial spurs in Coptotermes, the more recept ones (Hill 6 [ curvignaths Indonesia; Philippines | 3:2:2|3:2:213:2:2
= s . ’ Holmgren
1942; Ahmad, 1950) gave the tibial spur formula ag 3: 3, (which 7 | dreghorni Hill N. Queensland
i y * own observations (3: 2: 2). : (Australia) 3:2:213:2:2) —
differed from our own | ( ) . ) COHSEQuently» we carried 8 | formosanus Shiraki | 8. Africa; Formosa;
out the examination of a large number of species of Co Ceylon ; Hawaii 3:2:2(13:2:2({3:2:2
. . 1 . plotermes, and 9 | frenchi Hill Australia ;
of all the castes (viz., the imago or alate, the soldier ang the worker) New Zealand 3:2:218:2:213:2:2
1l over the world available to us, and ' 10 | gawrii Roonwal & Ceylon — 3:2:2(13:2:2
from all over the results are Presented Krishna .
here. 11 | gestrot Wasmann India —_ 3:2:203:2:2
12 | grandiceps Snyder Solomon Is. (Malane-
f Apical Tibial S i sia, Pacific Ocean) [3:2:213:2:2,3:2:2
Number o pica 1b1al spurs 1n COPtOtermes 13 harrisi Emerson ?ganda (Afrjca) 3 —2— ) ;‘-_;, ;g ;g —
Table 1 and Text-figs, 1~ 14 | havilandr Holmgren ava O:&: :2:213:2:2
( D 15 | hetme (Wasmann) %ndla New Guines) 3:2:2 g :g :3 g 12:2
cami 16 | hyaloapex Holmgren | Papua (New Gruinea — 3:2: :9:92
We examined (Table 1) a total of 32 out of ahoyt 45 known spe 17 | intermedius Silvestri | Gold Coast (Africa) —_ g; 3 ;3 3:2:2
i ‘ 1d, viz., Afri i : i kishori Roonwal & India - 12:2(3:2:2
cies from 2l 0V€I: the worlc, viz. .1‘1ca, Asia, Australia, New Zealang 18 Iéli(}?gtanio(sp. nov.,)
Papua (New Guinea), South America, Central Amerlca (Mexi , 19 lacteus (Froggatt) Austral%a 3 :2:213:2:2(3:2:2
d the Pacific islands (H ii €Xico and 920 | michaelseni Silvestri A.ustralia 3:2:2.3:2:2(83:2:2
Panama) an e Pacific islands awali, Palau apg Solomon) Th 21 | niger Snyder Barro Colorado Is. , ,

i a: ined wer . ) € (Canal Zone, Panama)l 3 :2:213:2: 2 —
various castes examin ere as follows:—Imagos (alates), 17 species - 99 | obiratus Hill Port Morsley (Papua) — 13:2:213:2:2
soldiers, 32 species; and workers, 28 species. The tibi ) 93 | peregrinator Kemner | Saleier Is. (Celebes

. .. 1blae, and their group, Indonesia) 3:7:713:2:2
apical spurs, of Copototermes heimi (Wasmann), from Indig (Text-fi 24 | raffrayi Wasmann a\us&:rélia ¢ (Ao 3:2:2 g :; : ; g :2:9
-3, i soldier and worker respecti S ~lgs. 25 | reductus Sjistedt old Coast (Alrica 12 12:2
1-3, imago, D CthGlY) and C. U'C"maczfo«rm‘is (Fro 26 remotus Hill Palau Is. (S. Pacific
gatt), from Australia (Text-fig. 4, soldier) are illustrateq g- . . . QOcean) — 32 213:2:2
. 27 | sinabangensis Oshima | Malaya ) 12:2]  —
; : 28 | sjostedti Holmgren Belgian Congo(Afrlca) — 3:2:23:2:2
In all species and in all the castes examined by y 29 | testaceus (Linng) British West Indies ;

. . . . s the numpey of Brazil 3:2:213:2:2[3:2:2

apical tibial spurs were invariably as fo]lowS;_Fore_tibia 3; mid 30 | travians Haviland Borneo; Burma}; %ndia;
ibia- 2; and hind-tibia 2. The spur . 1 Middle- Singapore (Malaya) | — 13:2:2(3:2:2
tibla pur formula, thus, is 3; 2: 2, 31 | truncatus Wasmann | Madagascar — 3:2:2(83:2:2
32 | vastator Light Philippines 3:2:213:2:213:2:2
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Discussion

Neither Wasmann (1896, pp. 628-629), the original author of the

genus Coptotermes, nor the subsequent revisers, namely, Desneux

Text-ig. 1, Coplolermes heini (Wasmann), from India, Fore., middle
it

an i
tibiae of imago (alate). d hing.
(a) Fore-tibia. (b) Middle-tibia. (¢) Hind-tibia.

cl., claws; f., femur; s, s, s, apical tibial spurs; th., tibia: tr.
* *Pe ldrsus,

(1904) and Holmgren (1913) made any mention of the Numbey

. . of ani
tibial spurs in the representatives of this genus. abical

It of the
racters of

spurs 3 : 3 : 3, as In other castes.” Ahmad (1950, b. 53) al.s\ Tibia]
’ ) 0 aSSig‘n_

In his aceoy
Australian termites, Hill (1942, p. 141), while giving the cha

the soldier caste of the genus Coptotermes, stated ag follows

Dec. 1959] ROONWAL & CHHOTANI : TERMITE TIBIAL SPURS VR

ed the same formula to the subfamily Coptotermitinae and sought to
distinguish it on that ground from the allied subfamily Heterotermi-
tinae. He wrote as follows;—"“The Heterotermitinae, though close to
the Coptotermitinae, possess several distinet higher revolutionary features,
such as the reduction of antennal articles, pronotum, anterior wing

Text-fig. 2. Coptotermes heimi (Wasmann), from India. Fore-, middle-, and hind-
tibiae of soldier caste.

(@ Fore-tibia. (b) Middle-tibia. (c) Hind-tibia.
cl, claws; f., femur; s, §,, S, apical tibial spurs; tb., tibia; ¢r., tarsus.

scales, and the 3 : 2 : 2 tibal spurs (8 : 3 : 3 in the Coptotermi-
tinae).”

As shown above, the tibial spur formula in the genus Coptotermes
(the sole genus in the subfamily Coptotermitinae is 3: 2: 2 and not
3. 8: 8. Thus, on this basis alone it is not possible to separate the
Coptotermitinae from the Heterotermitinae, although there are
other grounds to justify the separation,
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Summary

1. The number of apical tibial spurs was studied in 32 species of
the genus Coptotermes Wasmann (Isoptera, family Rhinotermitidae,
subfamily Coptotermitinae) trom all over the world, viz., Africa, Asia,
Australia, New Zealand, Papua (New Guinea), South America, Central
America (Mexico and Panama), and various island in the Pacific Ocean.
All the three available castes were examined as follows : —Imagog
(alates), 17 species; soldiers, 32 species; and workers, 28 species.

Text-fig. 3§. Coptotermes heimi (Wasmann), from India, Fore-, middle-,

and hingd.
tibiae of worker caste.
(a) Fore-tibia, (b) Middle-tibia. (¢) Hind-tibia.
cl. claws; f., femur; s, s, s, apical tibial spurs; th., tibia; 47, tarsus,

2. In all the species and in all the castes exam'ined, the numbper
of tibial spurs were ag follows:—Fore-tihia 3; middle-tibiq 2; and
hind-tibia 2. The “tibial spur formula”, thus, is 8 : 2: 2 py;c is in
contrast to the findings of some authors who gave the formu], as
3;3:3
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3. The tibiae, and the apical spurs, of Coptotermes hiemi (Was-
mann), from India (Text-figs. 1-3, imago, soldier and worker respecti-

vely, and C. acinaciformis (Froggatt), from Australia (Text-fig, 4,
soldier) are illustrated.

Text-fig, 4. Coptotermes acinaciformis  (Forggatt), from Australia. Fore-,  middle-
and hind-tibiae of soldier caste.

(a) Fore-tibia. (b) Middle-tibia. (¢) Hind.tibia.
cl. claws; f. femur; s, s,, S, apical tibial spurs, tb., tibia; tr., tarsus.

4. Thus, on the basis of the tibial spur formula alone, it is not
possible to separate the subfamily Coptotermitinae from the allied sub-
family Hetertotermitinae, as has been done by some authors, although
there are other grounds to justify the separation.
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Introduction

The midge described in this article differs from all the known
Indian midges from grasses (Felt, 1921): This midge was first noticed
in October, 1958 on grass under a huge tree in the lawns of the
Zoology Department. On subsequent dates it was noticed that these
insects produced small galls on the stems of the grass.

The type slides are for the time being retained in the collections
of the senior author.

Dactylodiplosis indica Sp. Nov.

Subfamily Itonididinae.
Tribe Trifilini. - ; J
Dactylodiplosis indica, sp. nov. ‘

2 Length 24 mm. Body blackish-yellow. Eyes confluent
above. Antenna - shorter  than body, pale = yellow, with 14

segments, flagellate segmentq cylindrical with very short stems with
two whorls of lohg hairs and three whorls of circumfila; first antennal
segment longer than broad, light brown, length one and one-fourth
times the maximum breadth, nearly oval, broader apieally than at base;
second antennal segment oval, light brown, broadest in middle, length
one and one-fourth- times the maximum breadth; third antenna] seg-
ment confiuent with the fourth, cylindrical, with a very shght eonstric-
tion in middle, length nearly thrlce the max1mum W1dth stem broader

S A PR,
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than long (4 : 5); fourth segment nearly as long as thirq se

P A ) m
iength three and one third times the maximum width, stem broadeg oot

r than

1. Third and fourth antennal segments 4. Wingof male
of female
2. Filth and sixth antennal segments of 5. Palpus of male
female
3. Palpus of female 6. First and secong
of male antennal segments

long; sixth antennal segment as in figure 10: sevent

L ISENS Y h ant
cylindrical, with a slight constriction in middle; lengty ti:l;“’;l zegment
fourths the maximum width, stem one and half timeg aq long ;s lglree_

S
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ninth segment nearly equal to seventh segment, length of enlargement
nearly two and a haif times its diameter, stem nearly one-fourth the
length of segment, length one and two-thirds the maximum width;
twelfth segment as in figure 9; thirteenth segment (lext-fig. 8) cylin-
drical with an enlargement two and two-thirds as long ag thick, stem
one and one-third as long as thick; terminal segment (1ext-fig. 7)
cylindrical, with an oval stem tapering at apex, length three and one-
fourth times the thickuess. Palpi (Text-fig. 3) quadriarticulate, long,
sparsely setcse; first segment nearly oval, length one and one-third times
its diameter, second segment longer than first, cylindrical, two and one-
third times as long as thick, third segment slightly longer than second,
cylindrical, ends slightly tapering, length four times the maximum thick-
ness, fourth segment longest of all, cylindrical, with the apices taper-
ing, maximum thickness as in third segment, length six times the
maximum thickness.  Mesonotum dark brown, darker than rest of
thorax; scutellum and postscutellum brown, paler than mesonotum.
Abdomen pale brecwn. Wing hyaline, nearly four times as long as
broad, vein Rs distinct but incomplete, vein Sc joining costa much before
middle of wing, vein E; evenly curved and reaching wing margin a
little beyond apex vein, M; 2 wanting, vein M-m-Cu forked. Halteres
pale brown.  Legs pale brown, densely hairy, metatarsus half the
length of terminal tarsal segment, second tarsal segment longest, longer
than rest of tarsal segments combined. Claw bifid on all legs, bent at
right angles, brown, empodium nearly lgss than one fourth the length
of claw. Ovipositor short, exserted with two oval lobes and a third
triangular lobe.

) Length 1.23 mm. Body pale-brown.  Eyes confluent above.
Antenna slightly longer than body, with 14 segments, flagellate segments
cylindrical, apical segments being narrower, trinodose, with long apical
stems, with two whorls of long hairs, one on basal and another on
apical enlargements, with three whorls of circumfila, middle whorl
slightly shorter than rest. First antennal segment (Text-fig. 6) yellow,
widest at apex, with long hairs, nearly globular; second antennal seg-
ment (Text-fig. 6) nearly as long as thick, globose, slightly darker and
smaller than firs; segment; third segment Text fig. 1 confluent with fourch,
very slightly longer than fourth, basal enlargement with a small basal stemi
nearly one third the length of segment and nearly one and one-fourth
times as long as broad (15 : 11), basal stem a little less than half the
length of basal enlargement, very slightly longer than broad, apical en-
largement one-third the length of segment and one and a half times as
long as broad (15 : 10), apical stem longer than basal stem, two-thirds
the length of apical enlargement and two and a half times as long as
broad; fourth segment (Text fig. 1) very slightly shorter than third seg-
ment, basal enlargemen; nearly one-fourth the length of segment, as long
as broad (10: 11), basal stem nearly two-thirds the length of basal enlarge-
ment and one and two-fifths as long as broad, apical enlargement a little
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less than one-third the length of enlargement and one ang three-fifthg
as long as broad, apical stem shorter than basal  enlargement three-
fourths the length of apical cnlargement and nearly thrice ag ’l()ng as
bread: fifth  and  sixth  antennal  segments  ay  in Text fig. 9
seventh scgmeng as long  as feurth  scgment,  hasal enlargerr{e;lt;
one-sixth the length of the segment, brecader than long, length four-
fifth the maximum breadth, basal stem a little lenger than basal en
largement, length two and a half times the maximum breadth, ap; i
enlargement one-third the length of the segment and one an(i alhg?f

< —tnn
7. Terminal antennal <egment of  female 12, Seventh antenng] scgment
. . R 1 .
8. Penultimate antennal s«cgment of female 3. clevemh antennal seam f malc
. . . segment .
g. Twelfth amennal <egment of female 11, Penultimare antennal of maje
H 3 . - . seam
10 Sixth antennal segiment of female 15, Termingd antennal ent of male

11, Genitalia 16, Bind claw of male

times as long as broad, apical stem shorter thap

. ; . apic
four times as leng as broad: ninth segment longey I%h:; enlal’gement,
ment, basal enlargement one-sixth the length sf Segment bseventh seg-
» DT

long, basal stem longer than basal enlargement and fon cader thap
length of segment, length three and one-thirg tim JATths the
thickness, apical enlargement a little cver one-thirq tp esl its maximum
ment and twice as long as broad, apical stemusg long ,f ?I}gth of seg.
ment, five times as long as broad; eleventh segment 1(‘)“ Apical enlarge.
basal enlargement one-seventh the length of segment, b;‘g:é'eth;ln hinth,

r an long
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(7 : 9), basal stem longer than basal enlargement, length nearly one-
fifth the length o segment and three and one-third times the length of
maximum bhreadth, apical (nlargement half the length ¢f scgment and
nearly twice as long as broad, apical stem lenger than apical enlurge-
ment, length nearly six times its breadth; thirteenth segment longer
than cleventh, basal enlargement one-seventh the length of segment,
broader than long (7 : 8), basal stem longer than basal enlargement,
length three and two-thirds the maximum breadth, apical enlargement
Jonger than basal enlargement, length twe and a half times the breadth,
apical stem longer than basal stem, length nearly four times the
breadth; terminal segment as long as the penultimate, basal enlarge-
ment one-fifith the length of segment, length one and three-
sevenths the maximum breadth, basal stem as long as basal enlargement,
length three and one-third times the maximum breadth, apical enlarge-
ment twice as leng as basal enlargement and two-fifths the length of
segment, nearly thrice as long as broad, apical stem as long as basal
stem but half the length of apical enlargementy and similar to basal
stem. Palpi (Text-fig. 5) gquadriarticulate, long, sparsely setose, first
segment smallest of ail, length two and a half times the maximum
breadth, second segment longer than first, broadest at basal one-
third, length two and two-thirds the maximum breadth, third segment
longer than second, cylindrical, thinner than second segment, length a
little more than thrice the thickness, terminal segment longest of all,
as broad as third segment, cylindrical, length six times the maximum
thickness. Mesonotum dark brown. Slightly darker than rest of
thorax. Scutellum and postscutellum brown, slightly paler than meso-
notum.  Abdomen light brown, paler than mescnotum. Wings as in
femaie. Halteres pale yellow. Legs pale yellow, long, densely hairy;
metatarsus shorter than terminal tarsal segment, second tarsal seg-
ment longest but shorter than rest of tarsal segments ecombined, hind
claw (Text-fig. 16) bifid on all legs, bent at right angles, dark brown,
empodium less than one fourth the length of claw. Genitalia (Text-
fig. 11): dorsal plate deeply and broadly incised in middle, lobes broadly
angulated at tips, margins beset with short stiff setae, ventral plate
nearly as long as dorsal plate, one and a half times as long as broad,
broadest subapically, slightly incised in middle, lobes nearly subtrian-
gular, apices thickly chitinised in the form of blunt short teeth, style
slender, as long as ventral plate, a little shorter than dorsal plate, five
times as long as thick, basal clasp segment stout, twice as long as
broad, with a pointed and slightly curved spine at base, terminal clasp
segment evenly curved at base, gradually tapering at apex and ending
in a blunt tooth.

Holotype: one female dissected and mounted on slide labelled “Mid-
ges collected and reared from grass—Andropogonis sp. in Gulba’s en-
¢losure, Nov. 1958, S. N. R. Coll, Nagpur” '
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Allotype: one male dissect i
o ssected and mounted on slide ang labelled ag

Paratypes: Large number of males and f
: rg ¢ al emales di
mounted on slides in the collections of the senior aut(;;ordlsse(:ted and

This species differs from the only knewn Ind; i
‘ ies s ) 1an spe ;
Dactylodiplosis? menoni Mani in the structure of thepg:rllei)‘sa%fa t::lsd iy
venation. This is probably the fir i i ;
pon. probably the first definite species from India

wing
under
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Introduction

The State of Orissa had about 9,361,000 acres of land under culti-
vation of paddy in 1955-56, yielding 2,068,464 tons. It is one of the
major paddy growing States in the Indian Union and exports surplus
rice to the neighbouring areas. So far there is no consolidated account:
of the various insect pests of paddy, their lceal names their geogra-
phical distribution within the State, extent of damage to the crop and
measures of their control, etc. The authors recently referred to some
of the points briefly in an annoated list of crop pests in the State (Sen-

gupta and Behura, 1957). The present paper is a continuation of the
same and embodies the result of observations made during 1950-58.

In the State of Orissa, paddy is grown in three seasons, viz:
autumn, winter and summer and are respectively known in Oriya as
Biali dhana, Sarada dhane and Dalua dhana.  During 1955-56, the
autumn paddy was cultivated over an area of 1,256,300 acres, winter
paddy 8,077,300 acres and summer paddy 27,400 acres. The summer
paddy is grown in the coastal districts of Puri and Ganjam, Very
few pests are found to attack the winter paddy.

7
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Major Pests

SPODOPTERA MAURITIA BOISDUVAL. THE PADDY SWARMING
CATERPILLAR.

(Lepidoptera, Agrotidae)
Local name: Leda poka.
Stage Causing Damage: Larva.

Nature of Damage: 'The caterpillars appear ip l1a
feed voraciously on the leaves at night. In case of
entire field looks barren.

T€e numbers and
Severe attack the

LIFE-HISTORY :

Egg stage: 3-6 days.
Larval stage: 3-5 weeks.
Pupal stage: 10-15 days.
Life-cycle: 30-40 days.
Period of Incidence: There is only one generation dqyp
September. uring June to
Peak Period of Infestation: July to September,
Zonal Distribution in Orissa: Cuttack, Puri, Balagore .
Ganjam districts. » Balangir ang

Distribution in India: A pest in all the States of India, 1
as a major pest in Andaman and Nicobar Islands, And}u: B oecurs
Assam, Bombay, Kerala, Madhya Pradesh, Madras, a Prad‘esh,
Rajastan and West Bengal; and as a minor pest in Orissa,
Pradesh, Mysore and Uttar Pradesh. macha}

World Distribution: Burma, Ceylon, Hawai, Indig
and the Phillipines. > Java, Malays

Manipur,
Bihar, H;

Notable Outbreaks in Orissa:
1950—Cuttack district:  Kendrapara, Alj
Jagatsingpur.
1951—Balasore district: Jaleswar, Remuna apg Dha
1955—Puri district: Balighai, Nimapara and Kakatpur
1958—Balangir district: Some areas near the bank' of Tl

Mnhagay,

river.
Ezxtent of Damage: T70% of crop on an average,
Contrel: Dusting 10% BHC at 15-20 lbs. per acre: .
with Folido! 0.08% or Endrip 0.04%. ore; or Spraying
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SCHOENOBIUS INCERTELLUS WALKER. THE RICE STEM-
BORER.

(Lepidoptera, Pyralidae).

Local name: Ganthi bindha poka.

Stege Cousing Damage: Larva.

Nature of Damage: The caterpillars bore into the stem.  The
central shoot dies and turns yellow.

Symptoms of Damage: In the early stages of attack, the plants
turn yellow, later grain formation is prevented and the ear-heads turn
yellow and chaffy. Small punctures at the lower portion of the stems
exhibit the path of entrance of the caterpillars.

LIFE-HISTORY :

The eggs are deposited on the lower surface of the leaves.
Egg stage: 5-6 days.

Larval stage: 4-5 weeks. Larvae pupate inside the stem.
Pupal stage: 10 days (Ayyar and Anantanarayan, 1937).

Period of incidence:  From November to December on autumn
paddy and from February to April on summer paddy. Altogether two
broods “have been noted in Orissa with considerable overlapping of
generations.

Peak period of Infestation: January to March.

Zonal Distribution in Orisse: This is a pest of regular occurrence
in the districts of Cuttack, Puri and Ganjam.

Distribution in India: Throughout India and a major pest in
Andhra Pradesh, Assam, Bihar, Bombay, Jammu and Kashmir, Kerala,
Madhya Pradesh, Madras, Mysore, Orissa and West Bengal; and minor
pest in the Punjab, Manipur and Rajastan.

World Distribution: Asia and Japan.

Notable Outbreak in Orisso:

1955—Puri district: Balighai (on summer paddy); Samagra pata
and Sara pata near Puri

Euxtent of Damage: Variable. Highest damage noted was 80% of
the crop. |

Control: Light traps should be set up after dusk upto midnight
to capture the moths. Ploughing of the rice stubbles destroys the
pupae.

Light dusting with 5% BHC twice in the nursery is sufficient to
ensure insect-free seedlings. ,
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Spraying on the transplanted crop should be directed against the
ovipositing moths and newly hatched larvae. Ifolidot 0.08% or Endrin
0.04% was found most effective for the purpose.

DICLADISPA (HISPA) ARMIGEEA OLIVER. THE PADDY
HISPA.

(Coleoptera, Chrysomelidae).

Local wame: Biriha poka.

Stages Causing Domage: Adult and larvae.

Nature of Damage: The adults scrape out the green
the leaves, while the larvae mine the leaves by feeding op
between the layers of epidermis.

Symptoms of Damage: The affected leaves turn whitish ang me
branous and appear like straw. In heavy infestations, the fie]q appe m-
as if burnt up. Dears

matter of
the tissye

LIFE-HISTORY :

The eggs are deposited inside the leaf tissues.
Egg stage: 3-4 days.
Larval stage: About a week.
Pupal stage: 3-4 days (Sen, 1921).
Period of Incidence: From July to October on autumn

1955, the brood on autumn paddy lasted upto March and wag
infesting summer paddy. There are three to four generation
Peak Period of Infestotion: July to September,
Zonal Dis ribution in Orissa: Throughout the Stat
Agency tracts. ¢ eXcept the
Distribution in India: A major pest in Andhry Pra
Bihar, Kerala, Madhya Pradesh, Manipur, Orissa ang Westdgglr; Assam,
a minor pest in Bombay, Himachal Pradesh, Jammy ang I%al; and
Madras, Mysore, the Punjab and Uttar Pradesh. ashmir,
Notalle Outbreak in Orissa:
1948—In all coastal districts of the State.

Eztent of Damage: In the years of severe infesatig
was 25% of the crop on an average. 1S the damage
Control: Dusting with 5% BHC, DDT or Endrin op . )
02% BHC is effective in killing the adult insecixs)rayslng Wlth
with 0.08% Folidol or 0.04% Endrin wags found effective in. prayl.ng
both the adults and the mining grubs. controlling

Remarks: The infestation of the paddy hispa is sporadie

paddy. 1p
also foung
$ a year.
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LEPTGCORISA ACUTA THUNBERG AND L. VARICORNIS
FABRICUS. THE RICE BUGS.

(Hemiptera: Ccreidae).

Local name: Gandhi poka.

Stages Causing Damage: Adult and nymph.

Nature of Damage: When the grains are in the ‘milk stage’, the
bugs suck the ‘milk’ and prevent grain formation.

Symptoms of etiack: The affected earheads stand erect unlike the
normal ones. They also bear a very smail punctures caused during the
feeding of the bugs. Infestation by the bugs is further character:sed
by the presence of empty grains, ill-formed grains and some ripe grains
in a panicle.

LIFE-HISTORY :

Egg stage: 4-8 days.
Nymphal stage: 16-23 days during which 5 moults occur.

Nymphal stage: 16-23 days during which 5 moults occur.

Period of Incidence: From May to October. In 1953 infestation
by the bugs continued upto the middle of December. So far, only one
hrood has been recorded in Orissa.

Peak period of Infestation: September.

Zonal Distribution in Orissa: Cuttack, Puri, Sambalpur, Balangir,
Sundergarh and Kalahandi districts.

Distribution in India: L. acula occurs as a major pest in Kerala,
Madhya Pradesh, Madras, Orissa and Wesg Bengal; and as a minor
pest in Bombay, Himachal Pradesh, Mysore, Rajastan and Uttar
Pradesh.

L. varicornis occurs as a major pest in Assam, Bihar, Delhi, Kerala,
Madhya Pradesh, Madras, Orissa, Rajastan and Uttar Pradesh; and as
a minor pest in Himachal Pradesh, Jammu and Kashmir and the
Punjab.

Notable Outbreaks in Orissa:

1953—Cuttack, Puri, Sambalpur, ‘Balangir, Sundergarh and
Kalahandi districts.

Extent of Damage: Usually 5 to 10% of the crocp on an average,
but in the year of severe epidemics, the damage was as high as 40
to 60%.

Control: Dusting with 5% BHC, DDT or Aldrin in the early
morning hours at the rate of 15 ibs. per acre.

Remarks: A minor pest becoming a major ene in particular years



144  JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA {Vol. |1, No. 3
NYMPHULA DEPUNCTALIS GUENEE. THE PADDY CASE
WORM.

(Lepidotera, Pyralidae),

Local name: Nali poka.
Stage Causing Damage: Larva,

Nature of Damage: The caterpillars feed on the leay
tubular cases around them by cutting the apical portion
In severe infestations earhead formation is retarded.

es and form
of the leaves,

Syptoms of attack: The apical portions of the leav
off. Papery whitish areas are also found on the leaves
ing of chlorophyll by the larvae. The cases of the
attached to the stem, a little above he suface of water.

es are clipped
due to serap-
larvae  remaip

LIFE-HISTORY :

Egg stage: 2-6 days.
Larval stage: 14-20 days.
Pupal stage: 4-7 days.

The adults live for 2-8 days and the females ovipog;
after emergence (Sisam, 1938). POSIt 1-4 days

Period of Incidence: August to October. Infestation by thi .
has also been noticed on summer paddy in February ang Marchs Dest

Peak Period of Infesiation: From the last part of A
middle of September. ugust to the

Zonal Distribution in Orissa: Cuttack, Puri, Balase
Sambalpur, Balangir and Sundergarh districts.

Distribution in India: A serious pest in the Ands
bar Islands,'Andhra, Assam, Bihar, Bombay, Madras,
and Orissa; and minor in Kerala, Madhya Pradesh, U
West Bengal.

Notable Qutbreaks in Orissa:
1954—Dhenkanal district: Gadasila.
1955—Balangir district: Patnagarh and Sonepyr,

re, Dhenkana],

Mma:n and NiCO~
ampur, Mysor
ttar Pradegy ang

Extent of Damage: In case of severeinfestationg

th
25% of the crop on an average. e damage wag

Control: Spraying with Folidol 0.08% or Endrip
the surface of the standing water with a thin film of
dislodge the cases of the pest by rope dragging.

0'047"~ Cover
kerosine il anq
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HIEROGLYPHUS BANIAN FABRICUS. THE PADDY
GRASSHOPPER.

(Orthoptera, Acrididae).

Local nome: Jhintika,

Stages Causing Damage: Nymphs and adults.

Nature of Damage and Symptoms of Attack: Both nymphs and
adults feed on the leaves. When they nibble at the lower portions of
the ear stalks, the latter hang down and turn whitish. In case of
gevere infestations, the plants are entirely eaten up.

LIFE-HISTORY :

Eggs are laid in masses under the soil usually between October
and December. Hoppers emerge towards the last week of June. It
takes about 70 days in case of males and 80 days in case of females
to reach maturity (Fletcher, 1913).

Period of Incidence: From late June to September.

Peak Period of Incidence:  From the last part of July to Sep-
tember.

Zomal Distribution in Orissa: The incidence of this pest has so
far been noted in the districts of Ganjam, Puri and Dhenkanal.

Distribution in India: A major pest in the Punjab, Uttar Pradesh,
Rajastan, Madhya Pradesh, West Bengal, Orissa, Madras and Bombay;
and minor in Assam, Himachal Pradesh, Jammu and Kashmir, Uttar

Pradesh and West Bengal.
Notable out-breaks in Orissa:
1952—Ganjam district.
1953—Ganjam district.
Extent of Damage: About 25% of the crop on an average.
Control: Dusting with 5, 7 and 10% BHC at the rate of 15-20 Ibs.
per acre.

HIEROGLYPHUS NIGROREPLETUS BOL. THE PHADKA
GRASSHOPPER

(Orthoptera, Acrididae).

Local nome: Jhintika.

Stages Causing Damage: Nymphs and adults.

Nature of Damage: Both the nymphs and adulfs feed on the leaves.
They also infest millet and sugarcane,
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LIFE-HISTORY :
Eggs are laid in masses under the soil between
November. Hcppers emerge about the first week of July.
Period of Incidence: September-October.
Peal: period of Incidence: September.

Zonal Distribution in Orissa:  The pest has so far been

from Khariar i awapar divic] . oI reported
handi. riar in the Nawapara sub-division of the district of Kala-

October anq

Distribution in India: Assam, Bihar, Bombay, Madhys Pradesh

Madras, Mysore, Orissa, the Punjab, Raja T
Bonaal J Jastan, Uttar Pradesh ang West

Notable oui-breaks in Orissa:
1954—Kalahandi district:  Nawapara sub-division . Khariar
Extent of Damage: Abcut 25% of the Crop on an average '

Contrel: Dusiing with 5% and 10% BHC at the rat
per acre € 0f 15-20 Ibs,

Minor Pests

NEPHOTETTIX BIPUNCTATUS FABRICUS, THE PADDY
LEAFHOPPER

(Hemiptera, Jassidae).

Local name:  Dipabali p-ka.
Strges Causing Damage: Nymphs and adults.

Nature of Damage and Sympioms of At-ack: The jassids
the sap of the plants. In sovere infestations, the plants turn yellowSHCk
have stunted growth and earhead formation is retarded. and

LIFE-HISTORY :
Egg stage: 4-6 days.

Nymphal stage: 13-21 days during which 5 .
1920). o g . g moults occuy (Misra,

Period of Incidence: From the first week of Augus; t
week of October. t to the secong
Peak Period of Incidence: Mid-August to mid-October,

Zonal Distribution in Orissa: Cuttack, Puri, Balasore, G

Sundergarh, Sambalpur, Balangir, Koraput, Kalahandj and Dp anjam,

districts. enkang)
Distribution in India: Andhra, Madhya Pradesh, M .
Uttar Pradesh and West Bengal. adras, Orissa,
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Notable out-breaks in Orissa: Wide-spread outbreak of the pest
was noted in 1952 and 1955, the following localities being badly
affected:

Puri district: Balugan, Nayagarh, Khurda and Bhubaneswar;

Ganjam district: Chatrapur and Khallikote;

Cuttack district: Salepur and Kendrapara.

Extent of Damage: 20% of the crop on an average.

Control: Dusting with 5% BHC or Aldrin or spraying with 0.08%
Folidol or 0.04% Endrin; better drainage.

Remarks:  Along with N. bipunctatus, N. apicalis Mots. also
oceurs.

RIPERSIA ORYZAE GREEN. THE PADDY MEALY BUG.
(Hemiptera, Coccidae).

Local name: Jau poka. Dahia.

Stages Causing Damage: Nymphs and adults.

Nature of Damage: The small bugs suck the sap of Fhe host-
plants. Normal growth of the p'ants is thereby hampered anq in severe
infestations the earheads fail to appear. They are found in colonies
between the leaf sheath anud the stem ) e e

1 ' ttack: The leaves turn yellow within the sheaths
of Wfiéﬁn%g;n%eééofnd the coccids coated with white mealy powder. The
leaves also appear curled and dried.

LIFE-HISTORY :

Number of eggs per female: 126-319 (Banerjee, 1957).

Period of incubation: From a few minutes to 24 hours. <Sub-
sequent development 18-34 days (Cherian, Krishnaswamy, Ramachand-
ran and Sundaram, 1935).

Period of Incidence: July to September.

Peak Period of Incidence: August to September.

Zonal Distribulion in Orissa: Ganjam, Cuttack and Puri districts.

Distribution in India: A serious pest in Madras and minor in
Andhra, Madhya Pradesh, Mysore, Orissa and West Bengal.

Notable outbreaks in Orissa:

1950—Puri district: Balugan and Bhubaneswar.

1955—Ganjam district: Bhanjanagar and Hinjli.

1956—Cuttack district: Salepur and Kendrapara.

Puri district: Bhubaneswar and Khurda,
1959—Cuttack district: Athagarh,

8
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Extent of Damage: About 10% i

the year of severe drought the extent ¢
of the crop on an average,
Control: Spraying with 0.08% Folidol.
Remarks: Occurrence sporadic,

of the crg

P on
£ damage an average, In

£0es upto about 15%

PACHYDIPLOSIS ORYZE (WOOD-MASON) MAN

L
GALL-FLY. THE PADDY

(Diptera, Cecidomyidae)

Local Name: Kahalia tuturi.

Stage Causing Damage: Larva,

Nature of Damage: The maggots bore
the formation of long silvery tubular galls eall
of the normal earheads. The longitudinal
are glued together t form a silvershoot, at
leaf blade.

Symptoms of Attack: Appearance of white

greenish violet tubular galls in place of the growir;g

Life-History :

Egg stage: 3-5 days.

Larval stage: 14-28 days.

Pupal stage: 4-5 days (Yen, Liu and Kuo, 1941).
of broods varies from six to eight with con
generations.

Peal period of incidence: September to mid-November

Zonal distribution in Orissa: The incidence of th .

tricted to the districts of Dhenkanal, Cuttack Puri
jam districts. , N

Distribution in Indie: Andhra, Assam. R;

Pradesh, Madras, Mysore, Orissa and West iBeng;llr, Hombay, Madhya
World distribution: French, Sudan (Afriea) -

Siam, Dutch East Indies and Indochina.( rieah Ceyl

into the stem i
01 § caus;
eq Silver shoot? instsézg
r{.arglns of the leaf sheath
he top of which is 5 Smal]

greenish white op
shoot,

' The number
siderable overlapping of

€ pest is yes-
Balasore and Gan-

on, Burma, China
b}

Notable out-breaks in Orissq:
1949—Dhenkanal district:  Talchey sub-divisi
-Q1vision,

1952—Dhenkanal district: Poj i
{ cand : pal in Tale .,
jam district : Bhanjanagar, Askz c:flg Sub'qwlsmn; Gan-
trict: Nayagarh, Khurds and Bhubane; Hinjli; py,.
1954—Dhenkangl district ; Angul ang Talcheibwar
5 Lalcher,
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1956—Cuttack district: Jagatsingpur, Salepur and Jajpur.
Dhenkanal district: Kamakhyanagar and Poipal.
Eaxtent of damge: About 15% of the crop on an average.
Control: Use of light trap is recommended. Spraying with 1.6
Ibs Parathion (as an emulsion) or 8 Ib Chlordane per acre effectively
reduces the infestation (Patel and Bhat, 1954).

LEUCANIA (CIRPHIS) UNIPUNCTA HAWORTH. THE PADDY
CUT WORM

(Lepidoptera, Agrotidae)

Local name: Patrakata leda poka.

Stage causing damage: Larva.

Nature of damage: The caterpillars cause damage at the seedling
stage. They feed mainly at night.

Symptoms of attack: Sudden destruction of leaf blades. The
symptoms of attack and habits of this pest are similar to those of
Spodoptera mauritia but the larvae of the former attack the earheads
also.

Life-history:

Eggs are laid in batches and thrust into the shelter of the leaf
sheath.

Egg stage: 8-10 days.

Larval stage: 3-4 weeks.

Pupation takes place in the soil.

Total life-cycle: 7-8 weeks.

Period of Incidence: July to September.

Zonal distribution in Orisse: This is a sporadic pest distributed
in all parts of the State.

Distribution in India: A serious pest in Assam, Andhra, Mani-
pur and West Bengal; and minor in Himachal Pradesh, Madhya Pra-
desh, Madras, Orissa and Uttar Pradesh.

Extent of damage: In case of servere infestations the damage was
about 10% to 15% of the crop on an average. ' '

Control: Spraying with 0.20% DDT or dusting with 59, BHC or
DDT controls the pest. ’

Remarks: A minor pest but assumes the role of a major one in
speradic outbreaks. Leucania (Cirphis) albistigma Mo. also occurs along
with L. unipuncta. The life-histories and habits of both the species
are similar. . :
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NILAPARVATA LUGENS STAL (=SORDESCENS LINNAEUS)
(Hemiptera, Fulgoridae)

Stages causing damage: Nymphs and adults,

Nature of damage: The nymphs and adults suck
leaves. the sap of the

Period of incidence: July to September,
Zonal distribution tn Orissa: Ganjam and Puri districts

Distribution in India: A serious pest in some i
and Madras; and minor in Bihar, Madhya Pradesh Mgss:: gl Andhra
Uttar Pradesh. ’ , Urissa and

Control: Dusting with 59, BHC or Aldrin.

CNAPHALOCROSIS MEDINALIS GUENEE. THE PADDY
LEAF ROLLER

(Lepidoptera, Pyralidae)

Local mame: Dhana patra moda poka.

Stage causing damage: Larva.

Nature of damage and symaioms of attack: The caterpi
up the tips of the leaves, lives inside them and feeds on the llglfaﬁ.rons
The margins of the leaf blades are folded and fastened with a fevsllszlilli

leaves turn whitish and sticky. In case infestation i
; ) . : S severe
gins and tips appear cntirely dried up. » leaf mar-

Life-history:

Pupation takes place inside the leaf fold.
Period of Incidence: August to September,

Zonal Disiribution in Orissa:  Distri i
St istribtued in all parts of the

Distribution in India: This is a sporadic mj
. - m i
Bihar, Bombay, Kerala, Madras, Mysore, Orissa 10T pest in Andhra,

. . and and
Control: Spraying with Folidol 0.08% or Ep drin OSZ;S'C Bengal.
049, .

PARANARA MATHIAS FABRICUS. THE PADDY SKIPPER
(Lepidoptera, Hesperiidae)

Stage causing damage: Larva,
Nature and Symptoms of damage: Tp

and kves in the longitudinally rolled leaves.e tarva feeds on the leaves
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Life-history:

Fgg stage: 4-5 days.
Larval stage: 21-28 days.
Pupal stage: 10-15 days (Li, 1937).
Period of incidence: July to September.
Peak pcriod of incidence: September.
Zonal distribution in Orissa: Distributed in all parts of Orissa.

Distribution in India: Andhra, Assam, Bihar, Bombay, Jammu
and Kashmir, Kerala, Madhya Pradesh, Madras, Mysore, Orissa, Uttar
Pradesh and West Bengal.

Control: Dusting with 59, BHC.
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Summary

A list of major insect pests of paddy in Orissa together with their
local names, nature and symptoms of damage, salient features of their
Jife-history, period of incidence, zonal distribution in the State, distribu-
tion in India, notable out-breaks in the State extent of damage and
suitable measures of control so far found effeclive are given.
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Studies on the Marine Leech Branchellion plicobranchus
Raj, (Family Piscicolidae) from Indja

BY P. J. SANJEEVA RaJ,
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Introduction
Of the Piscicolidae, the marine genus Branchellion Sav. wag record

ed for the first time from Indian waters by the author (
1953) on the basis of a single specimen obtained from
in Madras. In view of its extremely folded, lobed gi
other characters the author (Sanjeeva Raj, 1953 ang
it to a new species, Branchellion plicobranchus (Syn. plie
cit.). It closely resembled the specimen of the genyg
Iornell in 1936 from the Assumption Island and descy
cies mquirendae by Moore in 1944,

Sanjeevg Raj,
a fish market
lls and certajp
1954), assigned
quTlclmchus loc.
Collected 1

bed as a sz.

Recently a few specimens of Branchellion were ohta;
nostrils of “Carcharies sp.” at Vizagapatam on the coas?ggdth?%m the
Bengal by Dr. P. N. Ganapathy, who kindly alleweq mg t, exam: ay of
material. Another specimen collected at Quilon on the coast ?mlne the
bian sea and supplied to the museum of the Women’g Christio the Ara.
Madras was also examined through the kind permissioy of Ma'n College,
Philip. Mr. Ranade of the Taraporevala Maring Biye. L% Rachel
Bombay has informed me that bhe had also collecteq an gical Station,
mens of this genus from Bombay. But unfortunately uT}Yllb'EP of speci-
the opportunity to examine these specimens from B'On,lbay ave not haq
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Some time back when [ visited Adhirampatnam, a coastal village on
the Bay of Bengal, 37 miles South east of Tanjove, I was able to collect
fifteen specimens of Branchellion plicobraichus from Dasyalis uainak.
Some of these could be kept alive for nearly thrce heurs in small glass
tubes containing sea water. These were killed and preserved in 407
formaldehyde so'ution. The present account dealsy with a detailed diag-
nosis of the species, together with observations on living specimens.

Bionomics

Branchellion plicobrachus maintains a firm grip on the host mainly
with its posterior sucker, and the adhesion seems to bs reinforced by
the copious amount of mucus present on the body of the host and that
of the leech. When transferred to sea water in glass tubes, or while
still on the body of the host, it is not as extensile as Haemadipsa,
Hirudinarie or Glossiphonic. The pulsation of the vesicles was not noti-
ceable, as the bushy gills completely hid them. In life, the lobes of the
gill spread cut fan-wise and showed slight wavy movements.

The leeches were found almost all over the body of the host Dasya-
1is warnak, both in young and adult specimens. They were present on
the eyes, in front of the eyes, in the notch of the pelvic fins, on the
dise in front of the tail and on the edges of the mouth. In one instance,
three large individuals were attached one above the cther in front of
the eyes. When separated, they left no scratch or tear on the skin of
the host, except in one case, where the leech was adhering to the soft
parts of the spiracle and on removal left a small reddened spct with
slight bleeding. The posterior sucker is more adherent than the ante-
rior and considerable force has to be used in releasing it.

No sooner were the hosts (Dasyatis uwarnak) brought to the shore
than the leeches tried to crawl away from their bocdies probably in
search of water. 'This may be the reason why most specimens of Das-
yatis uwarnak caught off shore during the night and brought ashore dead
the next morning, did not bear any leeches. Only fresh and live hosts
dragged ashore in the fish nets are likely to harbour live leeches.

Although rays and skates are the usual hosts of Branchellion, it is
probable that other elasmorbranchs may also serve occasionally as hosts.
Richardson (1953) recorded Branchellion from Callorhynchus milit (Ho-
locephali) whereas the specimen collected at Vizagapatam was from Car-
charias sp. At Adhirampatnam other elasmobranchs, namely Pristis.
Narcine and Scoliodon were abundant along with Dasyatis uarnak which
was infested with Branchellion plicobranchus. The other elasmobran-
¢hs were free from the leech infection. However, in a lot of about
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afty specimens of Dasyatis uarnak. examined, only o )
Wit{l Branchellion, 7 ONY eight were infested

Body Measurements

Of the fifteen specimens collected from Adhiy
teen were found suitable for detailed  study. Thrjsr:p%;tnax‘n coast, foyr-
from 10.00 to 40.50mm. in total length, the largest I;emrpens varied
thus much smaller than the holotype (Sanjeeva Raj lggZCImer_l being
sures 64 mm. The range of variation in the different ) which mea-
ments of the specimens from Adhirampatnam fromn body measure.-
holotype from Madras are given below:— ’ Quilon ang the

Totaltength (including suckers) 10.00—

Length of neck (including aaterior sucker) 2.50_?3‘?)% mm.
Length of abdomen (including posterior sucker) 7,50_54'00
Width of neck '

thl

2}

‘ 1.00— 3.50
Width of anterior sucker 2.00— 5.50 N
Width of abdomen -+ 1.50—14.00 ;
Width of posterior sucker e 3.00—10.00
Length of gill we  0.70— 3:50

Colouration

B. plicobranchus when alive is dark coloured aboy
spotted out easily on the body of the host. In the (?l,m b
suckers and the gil's are pale and translucent wi’chcu'cy an > th the
abdomen and neck are blackish, and the whole of the ventrgl spofg, tbe
pgle. In older specimens a darker tint develops on  the d(fxl']r 1ac? N
(including the suckers and the gills), with white irregula sal side.
throughout. Only one individual wasg completely dark Withr streaks
streaks. Perhaps a larger series may indicate all gradation No white
"from the pale to dark with or without white streaks " C?lour
The p_reserved specimen from Quilon hag completely lost it S or spots,
louration, but indications of irregular white streaks ove Its natural co-
visible still. Thus it would appear that colouration Can‘ GI‘t the body were
nostic value in B. plicobranchus unlike in B, torpedimgo(;;‘rvdei anylgiag-

ng 1910).

and can be

Suckers

The suckers, particularly the nosteri . )
species of Branchellion have beenpdezzf-;gzdsggk;l]'p;ﬂfthe hlthe‘rto known
3‘51){33, Harding 1910) deeply hoodeq (Moore 1944) an‘érm (Leigh-sharpe
il eh (Baird 186_9). In the present collection nine g ,Shallow or cup-
h}; dO(:ided tSUthi:S and the rest have perfectly flat geclmens ‘ ep
fooded nature of a sucker is an artifact brought agﬁé [a:l N that the
: a result of
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the slow death of the animal or by faulty preservation. In live condi-
tion the suckers are always flat and this shape is retained, if the spe-
cimens are properly killed and preserved. It may be pointed out that
the functional efficiency of the sucker is best possible only if the sucker
is flat and not hooded,.

(a) Anterior Sucker

The anterior sucker is an almost circular, ventrally directed organ,
attached to the neck eccentrically on its dorsal side. Its posterior rim
is usually folded downwards on itself so that the sucker appears to be
elliptical.

In no earlier record is the anterior sucker of Branchellion described
as tuberculated, except in B. punctatum in which it is minutely granu-
lated inside (Baird 1869) and in B. parkeri in which it has “low papil-
lae” (Richardson 1949). In B. plicobranchus, the ventral sutface of the
anterior sucker in al!l specimens including the holotype is minutely tu-
berculated, but the tubercles, unlike the papillae of the posterior sucker
(vide infra) are neither prominent nor confined to the superficial mem-
brane lining the sucker. They are minute, epidermal projections of al-
most uniform size, arranged in an irregular closely packed manner
near the centre and in radial rows towards the periphery. At the cen-
tre they are so closely juxtaposed that they together form a continuous
base with only their summits distinct. On magnification, each tubercle
locks like 2 hemispherical knob.

None of the specimens examined showed eyes. Young specimens

"up to a length of 15 mm. are perhaps the best for verifying the absence

of eyes, as they have a translucent anterior sucker in which the dark
eye spots if any, would be clearly visible. The absence of eyes was also

noticed in the holotype specimen.

_ The mouth is a small transverse slit, situated on the ventral sur-
face in the posterior part of the anterior sucker at a distance of about
one-third the sucker-diameter from the posterior rim.

(b) Posterior Sucker

The posterior sucker in the living condition is rather flat ventrally
and convex dorsally. It is attached to the abdomen by the middle of
its dorsal surface. In well spread out specimens, it is broader than
the broadest part of the abdomen excluding t}}e brancl_liae. If the leech
dies slowly, the posterior sucker like the‘anterlor, attains a deeply hood-
ed form, but if the specimen is killed instantaneously, the sucker re-

tains its more or less flat appearance,

¢
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In the various species of Branchellion, hitherto known, the posterior
sucker bears on its ventral surface alveolj (MacDonalg 1877), granules
I(Baird 1869), subsidiary suckers (Harding 1910), cu

bules or secondary
suckers (Meyer 1941), minute pedunculate suckers (Richardson 1949) or
papiliae (Moore 1944 and Sanjeeva Raj 1954). The pa
branchus (Fig.1) are rather large near the centre,

smaller towards the periphery. There are 16-18 ro

pillae in B. pileo-
beccming gradually
Ws at the centre and

Fig. 1. Ventral view of the posterior

sucker
showing the distribution of papillac

X 7,

60-70 near the periphery. papillae before it b fur-
cates and each of the branches, thus formed,

Each row has 9-10

has 5.6 papillae. If 5
om the centre t, the perip-
aries from 450 to 600 ac-

row does not branch, it has 15-1¢ papillae fr
hery. Thus, the total number of papillae v
cording to the size of the sucker.

Neck and its Annulation

The neck is narrower in itg anterior region,

flat dorsoventrally, and is more or less ellipticg)

n crogg Sectiong, It ig
much narrower than the abdomen, but ipn young Specimeng the neck
does not differ conspicuously from the abdomen iy width,

The number of cervical annuli g; 0US gpeci
. - Species,
chellion linegre and B. intybifolium have 10-12 annuli (Baipg fgggﬂ
B. torpedinis has 12-14, according to Sukatscoff ( 1912), and 19 gee '.)
to Leigh-sharpe (1916). B. orbinensis and B. boreqijs ording

lis have 16 .
sharpe 1933 a). Meyer (1941) figureg 22 neck annylj ¢, oy ey(LL;igh_
parkeri has only 15 (Richardson 1949). Moore (1944) reecorg 1; . B.
specimen of Branchelljon collected from the ASSUmption ISlans in g

flers in the vay;

-
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In Branchellion plicobranchus there are sixteen annuhhm.t}:leerne;(i{(i
(Fig, 2). Of these the fifteenth and th-e.sixteenth forrr_l‘ t e ::,es oy
the outer walls of the preputial fold, while o.f the remammgterior, oy
twelve or thirteen are visible externally (Fig. 3), the pos

A.S,
AS.
i
1
Ne Ne
13
P.£. 15 16

16

i < 1.X 14 - .
ne a Ned fU."Y CXt]i:;l-C(Ne Neek; P.F., Preputial fold; 1-16 Neck annuli.
A.S,, Anterior sucker; o

i ial fold-X 1.
Fig. 3. Neck contracted and drawn into the prc]\puzilu“.o
i ‘Z.S., Angerior sucker; Ne., Neck; 1-16 Neck a ;

i 1i are very
: ial fold. The anterior most annu :
ing hidden by the preputial .
being hi The fnter-annular grooves between the first three annuht m'oi-r
Ear.ro(;\.f.t.nct ventrally, but are clear dorsally just over the anteri
e Inaist ’
sucker.

: that the preputial fold is formed by the
two :xi?ﬁiyfffl iii) SZT‘QZ@Q‘QL of the meck. In earlier ;:agesl,oeahc:;ori;
i i hese two annuli are one behind the other, there e
ing to.hlm, t but later they come to lie one over the other so as
preputia’ foid, rg in the smallest specimen of the present collection,
fo}lx‘frclht:feaf:ug'es 1(;7 e:rllm in length, the preputial fold is well formed.
whi .

i lation -

Abdomen and its Annu :
‘The abdomen is broadest in its middle region and almosf; ﬂattem?d.
Posteriorly, it is attached to the posterior sucker by the middle of its.
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dorsal surface, and on its sides it bearg the b

ranchi .
vesicles. (Fig. 4). ¢hiaeand the pulsating

The annulation of the abdomep ig distinet o the
dorsally the abdominal annuli show biannulati(,n N ven
older specimens. The segments XIV—XX1V are t’riaHOre eSpecially in
XXVI are biannulate and the last (XXVH)SEgment o nu.late; XXV and
there are 38 annuli in the whole abdoming] region b‘lllltllaox;rllulzt,& Thus

Y 33 rings

tral side, but

> Anterior suc
Branchig: p

h.'a’ L.¥,p
abdoming] g

could be made out on the ventral surface,
for the last five annuli are absent op the
tion on the dorsal side of the abdomen is o
served in the holotype also and ig helpful
species.

a3 the inter.
ventral gige
n.e of the uniq
M the ident;

amular fyurrowg
The biannula-
ue featureg ob.-
ﬁcation of the

Branchiae

The anterior eleven segments of the abdomey, |-
X1IV-XX1V) bear the thirty three branchiae o p: (ie.
Although there is no variation in the number of blr fo
great deal of difference in the sizes ang com lri_’«nc
and lobes, as they are simple in smal] "Dlexity
plicated in large ones. The complexity ip
to be associated with the growtp and age of

» the segmentg
I each annylyg,
hiae, there i a
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specimens, such as the one 10 mm. long (Fig. 5), the branchiae are thin
plate-like outgrowths, roughly semicircular, blackish in colour, and
bearing at their border three or four lobe-like projections which are
the beginnings of the complicated lobulaticn of the adult. The whole
branchia is translucent and without the colouration of the adult. In
the 19 mm. specimen (Fig. 6), the branchia has 6-7 prominent lobes
besides a few less prominent structures which appear as mere projec-
tions. Al one or two places the latter overlap the ones formed earlier,

Fig. 5. Branchia of a 10 mm. specimen-X 98

Fig. 6. Branchia of 2 19 mm. specimen-X 42.

but at this stage secondary lobes are lacking. In the 38 mm. speci-
men (Fig. 7) each branchia is a fairly thick lamina bearing 14 or 15
primary lobeg with smaller folded lobes at their border. The primary
and secondary lobes arise at different levels from the margin and are
directed in different planes, thus overlapping one another and giving
an irregularly folded or frilled appearance to the branches. In the
type specimen, which is 64 mm. in length, the number of lobes is still
greater and the complexity of lobulation still more advanced.

There is no branchial stem or peduncle, but the basal portion of
the gill is devoid of lobes. The anterior branchiae are not essentially
different from posterior ones, excepting for the greater lobulation of the
latter,
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. y INO,
Pulsating Vesicles
The eleven pairs of pulsating vesicles are situated, ag
specimen, in the branchiate segments, one at the bage (;f ea
of the first primary annulus. Some variations were observe
typical arrangement. The last pair of pulsating vesicleg
are not clearly visible on the thirty first pair of bran,c

in the type
ch branchia
d from this
for example,
hiae in thege

Fig, 5. Branchia
EN . a of a 8 .
X 18, 3% MM specimen

specimens. In some the vesicles are fairly large and ¢
both sides of the base of the branchia, but in some th
and on the first branchia especially they are foung on
rior side of the branchial base. It is difficult to de
these variationg are natural or artifacts resulting

learly visible op
€y are shrunken
ly on the poste-
termine whether
from Preservation.
Summary

The external morphology of Branchellion plicobrane
on specimens collected from the body of the elasmol
uarnak is described. Notes on the live specimeng
are also included.

hus Raj, based
ranch Dasyatis
and their colouration
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Introduction

Sufficient morphological and anatomical dege
regarding adult insects, but the information dealj
Stages is comparatively meagre. The Immatur
Hymenoptera and Diptera have attracted mugh St:ﬁes t(')f Colegptera,
other groups are almost neglecteqd. In these descriptioen lon While the
ture stages, however, the sutures ang sclerites are gener:ﬁyog n;c}:: :imma_

1tted,

riptions are availabl
) e
Ng with the nymphal

Evans (1939) studied the thorax of Hem;
recorded the corresponding sutures angd ﬁs?@ﬁi?jc“? ﬁdelis and hag
nymphs.  Wallace (1953) while describing ¢ o Significance in the
subapterus briefly described the nymphs, Hill (19 lology of Coranys
biology of Anthocoris nemorum with short deserj ti 57) describeq the
stages. In the present work the authoy blions of the

. has ¢ ' Immaty
of the last instar nymph of Bagrqdg picstaglv(%le a_detaileq accougi

midae). MiDtera:  Pengato.
» Cﬁribution No. 79 from the SC‘I:OEI?EI;);(;I‘TQN‘J;LMT‘\—'“
8¢ Agra, T
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Technique

Nymphs and adults of Bagrada picta were collected from the cabbage
fields of Shah-gunj, Agra. Last instar nymphs were also reared in the
laboratory. Some nymphs were dechltlanEd.by warming with 1% KOH
solution and portions were mo‘unt.:ed on slides, whlch were examlped
under Panphot and Ortholux, while others were dissected under bino-
cular, using high-power objectives, for the study of the sutures and

sclerites,

The Head

xt-figs. 1-9:) The prognathous head is triangular and measures
1.1 élfnﬁxitnﬁ%}s;e malgs and 1.5 mm. in the females. The sutures of the
head are not well marked and it is almost smooth. T}.le'bulgrlng.r eyes
are seen at the ends on the base of the head. The occipital region is
telescoped within the prothorax. The rostrum is continued with the
apex of the head and is directed ventrally backwards. Antenna comes

out from near the anterior margin of the eyes.

(a) Sutures of the head. (Text-figs. 2-4.)

epicranial suture is totally absent. The clypeal folds are deep
and gr:milr)lent, situated on both the sidgs .of the clype}ls. The epistomal
suture is again absent but the post-occipital sut_ure is well developed
which is not seen externally as it is telescoped with th.e prgthorax. The
antennal suture is prominent but the occular suture is faintly marked.
On the ventral side the sub-genal sutures are clearly marked and the

maxillary folds are prominent.

(b) Sclerites of the head. (Text-figs. 2-4.)

rial-pits are absent. The clypeus extends from the ante-
rior 'Ie‘ll;lg ?fni%eah:)ad to the compound eyes. It .is convex, elongated
dorsally and placed in the anterior mid:dorsal region of the head. It9
posterior end is broad and confluent with frons. But in .the absence
of the sutures some of the sclerites cannot be dlfferentlated.. The
mandibular plates are well developed and placed on the }ateral sides of
the clypeus demarcated by deep clypeal folds. The maxillary fold.s are
also prominent and separate the maxillary plates from the mandibular
plates which form the antero-lateral part of the head. The gula
extends from the post-occiput to the anterior end of the hgad. An-
teriorly it encloses an oval fossa for the attachment of the labium. .The
gena forms the postero-laeral part of the head capsule. The occiput,
frons and the parietals are not differentiated,

10
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(c) Appendages of the head, (Text-figs. 5-9.)
(i) The mouth-parts.

The labium is attached to the anterior end of the hea

the oral fossa and forms the restrum. [t
which is deeper distally and roofed proximally b .

. Y atr ,

which is suspended from the anterior end of the Clypel;l;lgular tabrun

: . In betw
the labrum and labium are lodged a pajr of medi een
1 .
pair of lateral mandibular stylets. 41 maxillary and a

d capsule along
as a dorsal labial groove

(1) The Labium. (Text-fig. 5.)
first is atiached to the or
second is the largest seg

1 It is four Segmented. The
al fossa by 5 membrane.  The
ment and the two termina} seg-

Figurc 1 Head with antenna and ToStrum
Head in lateral view. Figurc 4 Head in venugg Vi
Labium magnified. Figure 5 Antenna magnificd.

Figure o Head iy

dors, i
ew. Figuie 2l view,

5 Labrum mag Figure 9

Nified Figure
ments are almost equal jp length. The t;
segment is provided with fine hairs Whichp of the terming)
}?:Iifairn t;??:s)ta;io observeq the presencerr:)i'yt?le omsory.
b . gment of Leptocom'ga varicor € sensory
ablal groove is shallow at the base ang decper a;uts}.l The

) € aPeX:
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{
while at the extreme tip it becomes almost tubular. The
labium is light brown, hairy and measures 2 mm.

(2) The Labrum. (Text-fig. 6.) This is a long conical flap
attached proximally to the clypeus along its broad base.
The terminal pointed end exceeds a little beyond the first
labial segment. It has alterante transverse grooves and
ridges and a longitudinal ventral labial groove.

(3) The Maxillary stylets. (Text-fig. 8.) These are paired long,
narrow structures with sharply pointed tips. The two
stylets meet at the proximal one-third to enclose a dorsal
food and a ventral salivary canal. At the proximal end
1each stylet is attached to an almost semicircular maxillary
ever.

(4) The Mandibular stylet. (Text-fig. 9) The mandibular
stylets have a slender body with broad base for the attach-
ment of the muscles. They are lateral to the maxillary
stylets and unlike the latter their tips are provided with
blunt teeth on the outer margin and fringed with hair on
the inner margin,

(i) The Antenna. (Textfig. 7.) 1t is four-segmented fili
form and dark brown. The surface is smooth with
evenly distributed short hair. The scape is shortest the
pedicle longest and the flagellar segments almost equal.

(iii) The Compound eyes. (Text.-figs. 1-4) The compound
eyes are about 1 mm. apart. They are sessile and
situated on either side of the head. They are deep brown,
spherical and 0.5 mm. in diameter.

The Thorax
(Text-figs. 10-12.) (a) The thoracic trunk. (Text-figs. 11 and 12.)

This is three segmented, 3.0 mm. in width and prominently differ-
entiated into pro, meso, and metathorax. In the metathorax especially
the metatergum is comparatively less developed. The triangular wing-
rudiments are clearly visible. Alinotum is distinguishable only in the
mesonotum. The fragmanotum of the mesotergum is incompletely deve-
loped but the rudiments are visible. The metatergum is almost covered
by the mesotergum except a little marginal portion on the posterior side.
On the thorax most of the sternal sutures are obliterated, but
the pleural sclerites are well marked and all the three pairs of legs
well developed. There are two slit-like apertures placed on the latero-
posterior coxal margin in the pro-and mesosternum.
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(1) The Prothorax. (Text-figs. 11 and 12)
well expanded. Two lines start from
corners. Evans (1939) also observed simi : -
second nymph of Hemiodoecus ﬁdelis_mmll';lﬁehnes ltn the
sutures are almost obliterated, but the subcoxalpros onnal
nite can be differentiated from the custernite paII'aster_
pleura] areas the trochantin can be observeq The plrelau?;?

suture is well developed separating th i
epimeron. ‘ € episternum ang

T_he protergum is
Its antero-lateral

MS

S 4

Figure 8 Maxillary stylet. Figure o Mandibular stylet. Figure 10 |
dorsal vicw, Figure 12 Thorax ventral view. Figure 14 ’“’Jﬂn;en €
Ahdomen ventral view,

| g Figure ), Thorax
AoTsdl viery. Figure 14

(2) The Mesothorax, (Text-figs. 11 an
develops a triangular alinotum o
prolonged posteriorily. The mego
originate from the antero-laters]
the third abdominal segment.
slightly differentiated from the ali
terior of the latter.  Eusternite
separated by a suture. The pleyr
loped than in the prothorax.

d 1?.) The mesothorax
n either side, which is
t}}oracic wing rudimentg
sides angq extend up to
The fragmanotum is
notgm along the pos-

(3) The Metathorax. (Text-figs. 11 gapgq 12)

is comparatively less chitinizeq. Wing The Mmetathorax

“Pads develop from
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its lateral boundary and are membranous. They extend
slightly beyond the mesothoracic wing pads. The sternae
are of mesothoracic type except at the spinasterna where
it is not differentiated and has probably fused with the
first abdominal sternite. The pleural areas are of the
mesothoracic type but the pleural suture is less defined,
and has comparatively shifted posteriorly resulting in a
narrow epimeron.

(b) The thoracic appendages. (Text-figs. 10 and 11.) (i)
The Legs. A pair of well developed legs present in each of the
thoracic segment. The prothoracic legs are the smallest and the meta-
thoracic largest. They are differentiated into a well developed coxa, a
small trochanter, a long narrow femur, slender tibia and two tarsi along
with the apical claws.

Coxa:—This is well developed. At the base it is concave and is
rather flat at the distal end where it articulates with the trochanter.
It is small, smooth and light-coloured.

Trochanter:—This is less chitinized, light-coloured, feeblg and
measures about half of the coxa. It is characteristically curved into a
3 , ’ or ‘ ¢ ).

Femur:—This is darker than the trochanter, shorter than the
tibia, well developed and straight. The distal end has a notch on the
inner side, which is covered by a membrane to facilitate the movements
of the tibia along this joint. The surface is smooth with few scattered
hairs on it.

Tibia:—The tibia is the longest of all the segments of the leg. It
is slender but stout enough. Its proximal end is slightly bent to arti-
culate with the femur, and the distal end has a cancavity to receive the
proximal end of the first tarsal segment. It is well chitinized and the
gurfalce is hairy.  These short hairs are more prominent towards the

istal end.

Tarsi:-—There are two tarsal segments in each leg. The first seg-
ment is oblique at both the ends and is shorter than the second seg.
ment which is more or less spindle-shaped. The pointed end articu-
lates with the tibia; distally it is almost blunt and articula-
tes with the two claws. The claws are curved and sharp, like two
hooks directed in the opposite directions, i.e., one inside and the other
outside. The surface of both the tarsal segments is provided with
evenly distributed fine hair.

(ii) The Wing-pads. (Text-fig. 11). On an average the wing-
pads measure 1.7 mm. in length. The basal sclerites of the wings are
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not differentiated. The mesothoracic wing-pads are almo
tinuous with the lateral end of the mesosternum. Th
triangular in shape with the posterior boundary deeply curved A
suture can be marked at the junction of the wing-pad and the me;sot
gum. The surface is rough and not provided with hair op bristles ’19}:' -
colour is deep brown or almost black. The metathoracic wing-. ad €
membranous and articulates similarly with the metatergum alongg ngsl
developed suture.  Ifs posterior boundary is legg rounded than th
mesothoracic wing-pad but is more or less angular, e

st directly con-
ey are almost

The Abdomen

(Text-figs. 13 and 14.) The first abdominal se
developed and almost fused with the metathorax.
is of normal size but is the widest of all the seigrrﬁzniicon&es;gm?nt
3.5 mm. in width. The posterior segments are telescoped' and thurlmg
two segments are indistinctly marked. The posterior sternites of a?l ?}?t
segments are curved inwards while anteriorly they are telesco de
inside the preceding segment. The median portion ang the latSf ]
extremities of the tergites and the sternites are highly sclerotized ad
deep brown in colour. The ventral region is less chitinized. o

gment is the least

In the mid-dorsal region between the fifth ang sixth, and
sixth and seventh segments there is a characteristic gr()ov,e 1-1
depression probably formed by the union of two gsma) openin1 e
which are seen separated between the fourth and fifth segment. Ip t%ls
rest of the tergites no such openings are present. The pleura) .scleritee
are indistinct. The ventral median sclerotized plates have short s in X
on their posterior margin directed backwards. The first six abdorlr)linzsl
segments have a pair of spiracles placed on the ventra] marginal scler
tized plates. They are circular, elongated, microscopical apertures wi:;)};
heavily chitinized margin. On the posterior s‘de neay the spiracle i
all 'the spiracle segments are two prominent dark brown Setap ac| te in
circular base. There is a median longitudinal ridge on the Sixt}? ‘2“ h. a
of the female. In the males no such ridge is observed. sternite

Summary

The last instar nymph of Bagrada picta has
nathous head with typical Hemipteran mouth-par'?s erolbr‘%g\efeloped prog-
tenna, and prominent sessile compound eyes.. Lab,ium ]abgmented an-
lary styles and mandibular stylets form the piercing 31,1 ds 1“111({11, maxil-
ratus with the rostrum folded below the body. Mocst of th ucking appa-
sclerities of the head are obliterated. e sutures ang

The thorax is three segmented, dark brown wit .
loped legs in each segment. Wing-pads are deVelogez %?rtﬁi vIv;ell deve-
eso-and
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metathorax, while on the prothroax only a suture is developed denot-
ing the prothoracic wing-pad on its outer side. The metathorax is the
smallest, less chitinized and almost covered by the mesothorax.

The abdomen is oval, dorsally convex and the segmentation is mark-
ed by grooves. The mid-dorsal portion and the latera)] extremities of
all the segments are dark coloured.  The spiracles are ventrally placed
on the lateral extremities of the first six segments and the sexes could
be differentiated.
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Abbreviations
AC Antennary sclerite MF Maxillary fold
AN  Antenna MP  Mandibular plate
AS Antennary suture MS Maxillary stylet
AU Anus MT Metathorax
BR Broken rostrum MX Maxillary plate
BU Buccula oC Occular suture
CB Coxal cavity OF Oral fossa
CF  Clypcal fold Ol  Occiput
CcL  Clypeus OP  Occipital suture
CcL, Claw }9(53 gccular .su_tu]re s
[670) Coxa ost occipital sutur ~
EM Epimeron PD Pedicle ] //Cﬁ - “’\
ES Episternum PO Post oceiput //,/ - AN
EU  FEusternite PR Prothorax /.\7\) N
EY Eye PS  Pleural sutufty X
FE FEMUR RO Rostrum [, % /
FL First flagellar segment SC  Scape
FL, Second flagcllar segment SN Spinasten
GU Gula SP  Spiracle
Hg E.Ypfsltqot:?;lc] segment §S  Sub-genal
s d E
II:B,’, Second labial segment $fl Tm‘;mx
LB, Third labial lsegmr(;ntm TR Tarsus
ig* E:g:g;, labial segme TR1 Trochanter
MD  Mandibular stylet WP Wing pad
ME  Mcsothorax PO Post occiput
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Introduction

Changes brought about in the sexual organization under the influence
of parasites are of widespread occurrence in the inverteb.a.a. In no
other group are the changes induced by parasilization more conspicuous
than in the Crustacea which has provided material for some of the
most classical investigations carried out in the past years. An outstand-
ing example of these changes is found in the common crab Neptunus
spnguinolentus (Herbst) parasitized by Heterosaccus ruginosus (Bos-
chama). The present study is a detailed investigation of a species of
Heterosaccus in its internal stages and of its effect on the host.*

;. The genus Heterosaccus was established by Smith (1906) who gave
the following diagnosis of the genus. “Similar to Sacculina, save the

‘' * Note:—In the note published in the Proceedings of the 30th Indian Science Congress
U described this as a new species of Rizhocephala parasitic on Neptunus pelagicus. The spe-
‘cies was later on identified as Heterosaccus rwginows Boschma as mentioned by M. J.
George (1949) about my unpublished thesis ‘“The Development of the Rhizocephalan para.
site Heterosaccus ruginosus (Boschma) and effects on parasitic castration on Neptunus palagi.
cus”” A subscquent re-examination of the material shows that the host was actually Neptu-
nus sanguinolentus Herbst. My idea was to correct this at the time of publication of my
full paper but due to preoccupation, the matter was delayed till now. M.]. George (1949)
has identified the same parasite as Sacculina sp. which has been doubted by Boschma (1957).
-Bos_chma is inclined to identify the parasite as a species of Heterosaccus, Under the above
gircumstances the opinion expressed by Boschma that the parasite described by M. J. George
could be only a species of Heterosaccus is evidently correct, ) '

i
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mesentery is confined to the surface of i .
round the ring of attachment and does ngltlestz-zstﬁlrilomz% Immediately
ing”. To thls‘dlagnosm Boschma (1931) addeq: cr;\ € mantle open-
shape. The existence, ‘of a wide mantle opening’. estes of curved
hold true for all the species of the genus, a factg ’ Vit/.as not found to
(1914) and subsequently found to be by no mea 20 ‘ced. by Kruger
genus. IS a peculiarity of the

Boschma (1928) considered the family Saceulin
of four genera; Sacculine, Loxoz‘hylach, 13%22;%&6 t'o be composed
succus, with the following diagnostic characters retis and Hetero-

1. Sacculina: mesentery complete, t ;
united with the stalk. ) testes straight, visceral mass

2. Loxothylacus: mesentery complete
mass united with the stalk, bestes curved,  visceral

3. Drepanorchis: mesentery incomplet
mass united with the stalk. Plete testes curveq, visceral

4. Heterosaccus: mesentery almost want;
immediate vicinity of the stalk.) auting (confined to the

Only seven species of Heterosaccus have hijt
The present form resembles H. ruginosus in alll i‘}‘::to beex% described.
and has therefore been referred to this species, essential features

I have followed the classification of Bosch
laterally compressed with the mantle openiI:; (;931)2 The body is
Mesentery is confined to the region immediately nearI;:I}JxOSlte the stalk.
not stretch to the mantle opening. Testes are of 5 cue stalk and doeg
leteric glands are found on the central part of the la‘1?'Ved shape. Col-
the visceral mass, nearer the mantle opening than the eral surfaces of
cuticle is thick and slightly wrinkled in some parts angeguncle. Outer
any clear areas or any special processes. Canalg wi th hOe.s'not show
are present in certain areas. The presence of g thick yaline chitin
and canals with hyaline chitin has not been noted in g Outex.' cuticle
corded from Thalamita prymna (Boschma, 1931), + Thgunosus re-

Although a good deal of work has been d
Sacculina, very ittle is known about the other gen(;l: ognt}the genus
Examples of Heterosaccus have been recorded from different - oamily.
from different hosts, e.g., H. hians from Phil 1t places and

ippine Isl X
sp. (.Kossmann, 1874) and from the Red Sea on 322: %I}.Thalamzta
(Smith, 1906): H. sibogae on Thalamita admetq (Van 31’{ s ornatq
Boschma, 1925): - H. occidentalis from the West In dies o r?m]lll)?n and

erophry

bicornutus (Boschma, 1931); H. ruginosus from Si
| PR ey T TS SYOM Singapore on Thalamigy
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prymna and Lissocarcinus pulchellus (Boschma 1931); H. tasellatus
from Caras Bay, Curaco on Mithrax ruber (Boschma 1931); H. distorius.
from Philippine on Schizophyrys sp. and H. Californicus off California
on Pugitta sp. (Boschma, 1933) and H. indicus from India on Poriunus
pelagicus (Boschma, 1957).

Historical

The study of the Rhizocephala may be said to have commenced at
Naples in 1787 when Cavolini published his volume “Sulla generazione
dei pesci e dei Granchi”. In 1884 Delage’s monograph appeared and
it contained a very complete account of the anatomy and life-history of
Sacculina carcini. It was Giard (1886) who first drew attention to the
castration effects caused by these parasites on their hosts. He showed
that the males of the crab Stenorhynchus phalangium infected by
Sacculing fraissei began to develop female characters and also believed
that the females could be modified towards the male. He explained
these phenomena as being due to a retardation of development consequ-
ent upon the low rate of metabolism brought about by the parasite.
This subject was pursued by Smith (1906) who elucidated certain points
in the development of the young parasite and also gave an account of
the other members of the Rhizocephalidae. The study of the endo-
parasitic stages substantially filled the gap in Delage’s work and ex-
plained the lack of continuity between the structure of the cypris and
of the adult Sacculina.

Day (1935) in his study of the life history of Sacculina gives
a brief review of the literature and points out certain anomalies in the
accepted account of the life history of Sacculina. From the analysis
of a year's collection of Portunus holsatus infected with Sacculing
carcini it was concluded that crabs may be infected at any stage. The
endoparasitic existence lasts nine months and the first batch of the
ilarvae appear three months later. Two experiments showed that the
evagination does not take place as a result of moulting. Both experi-
mental and histological data support the theory that an analogous group
‘of highly modified crabs without external parasites occurs containing
living parasitic root systems that are regenerating externae. The effects
of Saceulina on the secondary sexual characters of the male Poriunus
holsatus show that various degrees of modification are possible, that the
percentage of infection increases among large crabs, that the smaller
‘the crab the greater the liability to maximum modification and that
the maximum degree of possible modification decreases among larger
crabs.

Material and Methods

During the period of a year and a quarter from Qctober 1941 to
December 1942, a total of 1431 crabs were examined. The results are
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set down in Tables I, 11, III and IV. These crabs, which were pur-
chased in the local market at Madres at frequent intervals, were ex-
amined, and the various characters, both of the parasite ,and ehost
studied. The length and breadth of the carapace, abdomen and chela»
the nature of the shell, whether soft or hard and other relevant oints,;
were ncted.  They were then dissected to determine the natlr;r of
the gonad and the internae, if present. The methog followeq P;v o
simjlar to that adopted by Smith (1906).  Pieces of the liver w
examined and if no roots were found, the whole of the alimentar caire1
was carefully removed and pieces of the attached liver removed {o f ad
out whether there was any growing interna.  When the intex,'na n
fairly well developed it is possible to infer their presence even Wi&zharz
Jissecting the crabs as such crbs show marked atrophy of the ab(()iu
minal appendages in both the sexes. When internae were present thO-
were removed and fixed in 10% Formol or Bouin's fluid for gecti el
and making whole mounts. Sections were cut 8 to 10 u tgpllr:g
stained in Heidenhain’s iron-haematoxylin, cleared and mOUnteéc y
canada balsam. For staining internae in toto borax carmine was u 131
cleared in oil of cloves and mounted in balsam. All the drawingsg sed,
made with the camera lucida. Measurements were taken with f m‘?:;l(‘)e
meter. ,

Development

The life-history of Heterosaccus muginosus can be divided i
gtages, (i) Embryonic (i) Endoparasitic and (iii) External‘e into three

(1) Embryonic Development and Infection:

The whole of the embryonic development up to the naupli
ig passed through in the mantle cavity (or the brood Pou:}?)l.)h,ul :@iﬁe
ova pass along the colletric glands, they collect to form egg ‘Strings A e
tlization takes place before the secreted chitinous coat hardens. '1?}11‘-
egg strings as they emerge out of the colleteric glands are gi‘ou 3
together in a definite manner. There is a main stem with a num‘t):{
of branches. At the free ends of the strings the Chibinous' cOatinr
extends a little and this end is attached to the retinacula found 051
the inner cuticular lining of the mantle wall. The spindles are ApDOS
ed to the sides of this tubular. chitin and with the help- of thig anci
the hooks on them the egg strings are firmly held to the inner surface
of the mantle wall. How this attachment takes place is mot known
Only the free ends of the strings are attached to the mante wall thé
main stem with the attachment of the other ends lies free in the I’nan
tle cavity, where it undergoes further development. The eggs at thi-
stage are slightly oval and have a length of 1854 and a breadth fg
108 #. Eggs which have attained a length of 166/ are someti of
found free in the mantle cavity. But eggs which have under mes
further development are also found in the egg string. The chara tgor}e
tic nauplius shape is attained and the caudal furca is' also dev. :104%;';3_
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tion of the ovaries.
L. S. of host’s abdomen with interna af ¢

Plate 8
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L. S. of host’s abdomen showing the earliest stage of the interna.
" T.’S. of host’s abdomen showing the formation of the mantle cavity.
T. S. of host’s abdomen showing the “Nucleus” (highly magnified) and the formg-

he tinal stage of development,
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The backwardly directed frontal horns and rudiments of the three pairs
of appendages are seen. Large oil globules are present. The egg
membrane still surrounds the embryo and in the next stage, the nauplius
frees itself from the egg membrane. The naupliug resembles that of
Galatheascus more than that of Sacculina. This apperance cannot be
considered to be of systematic value as Boschma (1927) has found that
only the second and later napulii possess characters of systematic
value. The nauplius has a total average length of 2004, The nauplius
eye is a prominent red spot near the anterior margin. Three pairs of
appendages are present, the anterior pair being uniramous, the two
posterior ones biramous. Three long hairs terminate the anterior pair
of appendages, the endopodite and exopodite of the second pair
and the exopodite of the third pair whereas the endopodite
of this last limb ends in two hairs. The exopodite of the middle pair
is three-jointed while that of the last pair is two-jointed. The develop-
ment in the brood pouch is only upto the nauplius stage. No cypris
larvae have been found in the pouch. Water is drawn in and expelled
by the contraction and expansion of the highly muscular walls of the
mantie. When the nauplii are fully developed they escape along with
the expelled water and develop into the cypris stage. The larvae
could not be grown in the laboratory tanks. The metamorphosis of the
nauplius into the cypris and its infection of the crab were not observed
by me, but as in Sacculina the cypris probably attaches itself to a hair
of the host, drops its appendages and shell, and enters the body of the
host in the form of a group of cells and travels to its destination under
the intestine. : o

(2) Endoparasitic Development:

The fate of the cells introduced into the host crab is extremely
difficult to trace and only when they have reached and established them-
selves at the definitive position in the vicinity of the unpaired gland, is
it possible to study their further development. The present account
commences with the internal stage at this definitive position.

The earliest stage obtained is a slightly enlarged tumour lying
amongst the liver tubules in -the haemocoel of the crab not far beneath
the body wall. This tumour (Plate VIII fig. 1) is provided with a few
roots and a main root stem. It has a thickness of about 460 # and a
diameter of about 680 #.  The structure of the tumour is not very
different from that of the roots starting from it. The main roots ag
well as the tumour are hollow structures. Surrounding the tumour is
a thin layer of chitin which is continued over the roots also. Below
this chitin is a layer of epithelial cells and beneath the epithelial layer
is a layer of loosely distributed myoblasts “or spider cells” (Text-fig 1).
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¢ + INO,
The lumen of the main root, trunk and the tumour ig fj]
tated substance. At the side of the tumour, that is p
tral body wall, the cells lining the external wall becom
thelial in nature with regularly arranged cells witp
Here, almost in the middlle of the tumour, is seen g p

ed with a pune-
earest the vep-
e dgﬁnitely epi-
rominent nuclei.
compact mass of

Text-fig 1,
L. 8. of interna in the earlies

) rm t sta
the endoparasitic stage. x 264 B

.1

cells, the “nucleus” or the anlage of the future externg di
verse scction appears as though the “nucleus” is SUSpen’dan ' 1n a trans-
of the central tumour from its epithelial wall. Iy ty; efl‘ In the cavity
mantle and visceral mass are already differentiateq, 5 “nucleus”, the

the mantle (and thus the mantle cavity) is by a delaminaiiggrm?:cci}?n of
of the ex-

Text-fig 2.

Enlarged view of the “nucleus’” X 440.

ternal layer of this ‘nucleus’. This beging from t . '
and then gradually extends to the anterior andh]it?rl:ldl? (Text-ﬁg 2)
posteriorly where the two layers are in continuity and 81des,.but not
the future mesentery - (the connection of the viscerq) at this region
mantle) is formed (Text-fig 3 & plate VIII fig. 2). Op mass with the

arched cleft the cells are regularly arranged and tﬁgent:;z(l’e?ides of this
: 1 are large
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with a conspicuous nuclelous in each. The layer of cells thus cut off

“is destined to form the inner wall of the mantle and the layer that is

inside this along with a mass of loosely arranged cells is destined to

Text-fig 3,

Enlarged view of the
wpucleus” showing the place
where mesentry -is formed  x

570,

give rise to the visceral sac. (Text-fig 4 and plate VIII fig. 3). From this
arched cleft originates the future mantle cavity. Between the epithelial
layer of the central tumour and the ‘nucleus’, isseen some of the

Text-fig 4.
Enlarged view of the ‘nucleus’ showing
the arched cleft X 570.

¥ia.a.

- spider cells. These cells are destined to form the circular muscles of
the adult mantle wall. Excepting for a small space close to the nucleus,
the cavity of the tumour has been filled up with “spider cells.” These
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spider cells are very loosely anastamosing mesenchyme cells. Their r;u-
clei are spherical and smaller than those of the epithelia] cells, being
about 8.3/ in diameter, and each with a prominent nucleolus. In g
later stage the mantle cavity is more differentiateq (Text-fig 5) and
chitin has been formed on the two opposing sides. The tumour hag
become very much enlarged but the size of the ‘nuclens’ remaing unal-
tered. Some of the epithelial cel's along the external wall of the tu-
mour Are seen to slip out and form muscle cells, the longitudinal muys-
cle fibres of the future mantle. This external layer of epithelial cellg

Text-fig 5.

L.S. of host's abdomen with
interna; x 100.

Fia. &

is destined to form the future outer wall of the mantle and the lining
wall of the perisomatic cavity. In the visceral mass, soon after it is
formed, an outer layer is differentiated enclosing the loose parenchyma.
This outer layer forms the surface epithelium of the viscera] sac and
secretes the chitin lining on ity outer surface. The differentiation of
the ovary takes place a little later and it is seen in a transverse gec-
tion as a bilobed mass (Text-fig 6) surrounded by a membrane. The
epithelial cells of the visceral mass opposite the mantle cleft get Qra-
dually transformed into the spider cells. Itis in this region that the Mmesen.
tery will be formed. No other organs are vigible at thig stage. At the end
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- of this stage the invagination leading to the formation of the periso-
matic space has begun. The nucleus has not much altered in size but
at the end of the formation of the space, ‘it is conspicuously enlarged.
Invagination' takes place in a broad area in the epithelial wall nearest

Text-Fig. 6. T.S. of host abdomen with interna x 100.

Text-Fig. 7. T. S. Host's abdomen  with interna showing the invagination of the
epithelial wall of the ecentral tumour prior to the formation of perisomatig
cavity x 1go.

the ‘nucleus’ (Text-fig 7). The epithelium in a broad area gets c'osely
apposed to the ‘nucleus’ and extends down on all sides leaving a small
area at the posterior side. The result of this is that the mantle sac
has been completely invested with its outer epithelial lining and the whole
future externa has been encased in the cavity so formed.

The invagination of the perisomatic cavity is completed. 1t is g
completely closed space, the invaginating walls having met each other
in a narrow space. The cavity itself is negligible as the inner wall of
the perisomatic cavity and the outer walls of the mantle are in cloge

12
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apposition (Text-fig. 8). The chitin that runs over the external epithe-
lium of the mantle is continuous with  that of the inner wall of the
perisomatic space. While the perisomatic cavity is forming, the rest of
the organogeny has been going on. The ovary is highly brancheq and
in sections is seen cut in different parts of the visceral sac. Muscle
fibres are formed and occupy the spaces between the ramificationg of the
ovary. The colleteric glands of the ovary are clearly distinguished hy
their regular epithelium. The testes are not apparent until further deve-
lopment has taken place. They are formed as two little pocketg and

Text-Fig 8.

T. S. Host's abdomen with interna; the

perisomatic  cavity being completely

X 100. formed

Fia. %

have regular epithelial lining. These form th :

deferentia and around them a few cells with largz ;331122’;? fof the vasa
ed together which will form the glandular portion of th ound group.-
mantle is lined by chitin on the inside and outside, (j e testes. The
gitudinal muscle fibres are formed, the former, gg .stat rcular and lon-
the spider cells where as the longitudina] n;“SCle ed before, form

from the outer and inner epithelial layers of the mflbt;;es are derived
opening is formed at this stage. At the place wher nthe.
e lhe

folds have met, a block of it is being separateq by the dissohrl):; ison;atic
I v Ty TISROIUUon of itg
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cells. The tumour is lying just beneath the very thin body epithelium
of the crab.

Text-figure 9, represents the final stage of endoparasitic develop-
ment when the parasite is ready for emerging to the outside. The
fully developed interna lies in the perisomatic cavity attached to its side
like a small embryo attached to the uterus of its mother (plate VIIL. fig. 4).
The narrow perisomatic cavity in the previous stage has enlarged to a
very large size. The mantle is made up of a  thick outer and a much
thinner inner cuticle, the inner and outer subcuticular epithelial layers

Text-Fig 9.

L. S. Host’'s abdomen with interna
at the final stage of development x g8.

and a middle spongy layer of loosely arranged myoblasts. In the man-
tle wall the opening is formed but as the chitinous block hangs over, a
passage is not established. The visceral mass is better organized than
in the previous stage. The ovary has become extensively branched
even though the ovarian cells are not prominent and these and the reti-
culum of the connective tissue cells fill the whole visceral mass. The
colleteric glands are formed as two protruding masses of cells on the
lateral sides of the body. The secretory cells are arranged in parallel
rows. In‘the region of the colleteric glands, almost in the centre of
the visceral mass, is seen a lens-shaped structure. Thig is the nerve
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. i lls are not stained as deeply as the surround-
ganglion. Tihiagvinill(z:rlllai(;(:teristic yellowish appearance. Nerve fibres
ing el 8 traced. Testes are well developed and are seen as two pro-
copld net b~e< at t.he posterior side of the visceral mass (Text-fig 10).
minent masses lying side by side and have an outer layer of proliferat-
F hey a're St;nvelyoping spermatocytes are seen towards the centre of the
ing cells. ¢ Of the two, the ventral one appears to be larger. The
festes masses.‘ tia with distinct walls are seen in sections. The Jumen
o v defe;enens is occluded by chitin at this stage and each is seen
of t}}e Vaisntie til;e mantle cavity on either side of the mesentery.
opening

Text-Tig 10,

L. 8. Host’s abilomess a few

scctions  after showing the
testes X 6Go.

e 10

The developing sac has sunk to such an extent that itg mgsent.erial

face nearly touches the opposite wall of the tumour, Whlcl.’l 1t.self
surfac larged to a great size, has very narrow walls. At this time,
though_ - irgcular opening in the outer wall of the tumour, the chitin-
there 1IS ka cresent in the previous stage having been dissolved off pro-
ous b (i)c psome secretions. It is still seen attached to its wall as a
babl}i 4 e. This opening is close to the external skin and the interna
smal ple: ;3 by slipping through this cavity pulling along with it a part
n;a)':hznﬁriour that will form the peduncle of the externa and the cir-
0

tar opening through which it escapes becomes the chitinous ring Se‘-ffi
cul: i
when it has become external.

In the final stage of development, the longitudinal axis of the para-
site is parallel with the longitudinal axis of the host.

‘of abdo-

red complete; suppression of append.

ot s
s S
B
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3. Euxternal Development.

The externa (Plate IX £ig. 5 and Text fig. 11) may be found on the right
or left side of the abdomen of the crab and never in the middle line.
Very often it emerges between the 3rd and 4th segments or it may be
on the fourth segment. A few cases of double infection showed two ex-
ternae, one on either side. The mantle opening is still covered over
by the chitinous plate which disappears only later. It has been shown
by Delage (1884) and Smith (1906) that soon after the appearance of
the external Sacculing it is surrounded by cypris larvae which attach
themselves to the mantle opening. These are the complemental males
and Smith found that they have no part in fertilization. No such com-
plemental males have been found in Heterosaccus.

The largest externa noted has a length of 19 mm. In the fully de-
veloped condition the width of the externa is greater than that of the

Text-Fig 11.
L. S. Abdomen of crab with

small externa X 28.

Fra. 1

abdomen of the crab. The body of the parasite is dorsoventrally com-
pressed with the mantle opening at the anterior end, and the peduncle
at the posterior end. It is remiform in shape and during the breeding
season when the brood-pouch is filled with the growing embryos, it is
olobular. The peduncle (Text-fig 11) which is in continuation with the
internal root system is a short stump of attachment to the host. The
surface of the mantle is smooth with the exception oftwo ridges at the
posterior end and a few grooves on the thoracal surface.

The surface preésed against the abdomen of the crab possesses 4
deep median furrow caused by the projecting posterior gut of the crab.
The attachment of the visceral mass to the mantle wall can be seen on

‘the outside as a ridge a! the posterior side and is a little dorsal to the

attachment of the  peduncle to the externa. The mantle opening is &



184 JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. |1, No.i
prominent elongated slit-like or circular opening, the walls of which are
thrown into lappets and provided with very strong muscle fibres. The
mantle is covered on the outside by a layer of cuticle which is very
thick. No excrescences are produced and in sections the outer cuticle
shows a slightly wrinkled appearance. In some cases canals filled with
hvaline chitin have been noted. The surface of the outer cuticle is not
divided into definite areas as seems to be the case for Sacculing and
certain other species of Heterosaccus. The inside of the mantle wall
is also lined with a layer of chitin. This layer is much thinner than
the outer one and bears on its inner surface numerous retinacula (Text-
fig. 12). Each retinaculum has a basal stalk and four to six spindles
of 18.2 ¢ length. The spindles are provided with numeroug barbs. At
the place of insertion of the visceral mass to the mantle, the inner cuti-
cle of mantle on either side is separated.

Text-Kig 12.
Inner cuticle of the mantle

wall showing
retinacula X 44o.

The mantle cavity is spacious and encloses the visceral mass. A
pair of colletric glands lie at the sides of this visceral mass not far
from the middle. Each gland is bilobed and consists of moderately
branched tubes.

Testes are fairly large and are contained in the posterior part of the
visceral mass on its right side. Both the testes are of the same size
but in some, one seems to be slightly larger than the other. They are
completely separated and open into the mantle cavity along the highly
coiled vas deferens,

Effects of parasitism on host

1. Growth:

An examination of a large number of parasitized and norma) crabs
leads one to the conclusion that apart from the atrophied appendages
for all outward appearances the general vitality of the host seems to bé
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unimpaired by parasitism.l In all probability the growth of the host
crab excepting that of the appendages is not inhibited by the internal
Heterosqccus. Crabs harbouring small internae grow to a considerable
gize before the parasite becomes external. Thus it is noted that Nep-
tunus sanguinolentus of 14 mm. carapace length with internae could
probably grow to 21 mm. carapace length. Orton (1936) found in Car-
‘cinus maenas of 12-15 mm. carapace width with interna to grow to
25-30 mm. carapace width in the course of 2 or 8 months. There is
every reason to think that growth is even more rapid in tropical waters
judging from other invertebrate animals (Aiyar 1931 & 1935, Paul 1942,
Alikunhi & Aiyar 1943). The influence of the parasite on the growth
of the host was found to be negligible by Smith when the parasite was
in the internal stage. To quote Smith, “while the parasite ig internal
it is difficult to calculate what effect it has on the growth of its host
but it is probable when the system of roots is well established growth is
considerably retarded”. He confirmed this by the fact that Sacculina
interna is present more frequently in crabs which have not moulted for
sometime. But later work has proved that there is no retardation of
growth even when the parasite is internal. Orton (1936) showed thata
crab of 19.5 mm. carapace width, harbouring an interna in a period of 16
months grew to a size of 36 mm. when the Sacculina interna became
external.

Whether or not the parasite prevents moulting of the host crab has
not been ascertained. In Sacculina it is believed that moulting is pre-
vented and, in consequence, there is cessation of growth of the host.
According to Potts (1909), this is due to mechanical disability, Saccu-
lina. acting as a rivet and preventing the fleshy part of the abdomen
being withdrawn from its chitinous case. Peltogaster infecting hermit
crabs does not seem to inhibit moulting, and in this case growth ap-
pears to be rather favoured by the presence of the parasite (Potts,
1909).

Large externae of Heterosaccus have not been observed on soft
shelled crabs. Further, two cases of crabs carrying Serpulid tubes and
small barnacles were found in the collection. These facts seem to point
to the conclusion that in the present species there is a cessation of
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moulting apparently when the externa stage has been reached. Indivi-
duals with a carapace length of 30 {o 40 mm., bearing the ex.
ternae were present in the collection.  The oceurrence of these large
crabs can be explained only as due to the growtp attained by then
while the parasite is in the internal stage and pot due to growth
attained after the parasite has become external. This ObSErvati on also
points to the same conclusion that moulting is prevente d once the para.
site becomes external,

2. Abdomen and Abdominal appendages:
(a) Normal females:

The normal uninfected females of Neptynyg sanguinolentus oceur
as two distinct forms, the adolescents and adults (Plate 1X fig. 6). The
adolescent crabs have flat and comparatively smay abdomi
less triangular in shape and lie closely apposed to the thorax. Hajrs
fringing the margin are very few and small. Thig form of the abdo-
men is preserved until the first brood of eggs is broduced, th
upto a size of about 33 mm. in carpace length.
ages (Text-fig. 13) are borne on segments

na more or

at is nearly
Four pairg of append-
2, 3, 4 ang 5, Al of them

Text-Fig 13,

Ventral view of the abdomen of a

dolescent - §
. . s em
crab showing the nature and disposition of ale

appendages x 6,

Fig.1s

are biramous but lack the developm.ent of large hairg characteristic of
the adult females. Of the four pairs the first pair ig the largest, ang
the succeeding pairs are increasingly smaller. The endopodite g two-
jointed; the expodite is formed of one piece. Short hairs gre developed
on both,

Dec. 1959] GEORGE : HETEROSACCUS RUGINOSUS 187

The adult females on the other hand have large trough-shaped
abdomina Plate IX fig. 6). The segments 4, 5 and 6 which show con-
siderahie mobility are larger in size than those of the adolescent crabs.
Fringing the margin there are fairly closely set hairs. Abdominal
appendages (Fig. 14) are much better developed, especially the hairs

Text-Fig 14.

The adult female abdominal appendage. The
left one of the lJast pair x 6.

\ Fia.14.

which are particularly prominent on the endopodite. The basal joind
bears long feathery hairs only on its outer side. Exopodite bears
hairs on both sides which are feathery and moderately long. To the
teathery hairs are attached the eggs when they are extruded.

(b) Infected females:

Even when the parasite is in the internal stage, the effects of
the parasitism are seen in the atrophy of the abdominal appendages of
the host. At first the shape of the abdomen of the infected female
(only adolescent crabs are infected) continues to be very much like
that of the normal adolescent female. In both cases only very few
hairs are present on the margin. A slight tendency in the broadening
of the 6th abdominal segment soon reveals itself and so by the time the
parasite has become external the adomen has assumed the shape charac-
teristic of the normal adult female (Plate IX. fig. 7). The typical
trough-like appearance has become clear and the hairg along the margin
conform to the normal female type,

13
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All the infected crabs whether harbouring the
internal stage or external stage show profound atroph
minal appendages. The reduction of these appendage
condition where all the four pairs are present in-an ext
state to total absence of these. The following four st
of the adbominal appendages have been observed.

paragite in the
¥y of the abdo-
S varies from g
remely atrophied
ages of reduction

(1) All the four pairs may be present (Text-f
an extremely rudimentary state, not
. " ’ at all co
with the condition of the normal femagles. In T}? arable
mal females the distal segment of the endopodite eof n:lf-
e

abdominal appendages is nearly twice ag long ag the basal
a

Joint; the former bearing seven op more bundles of opd;
1~

g 15), though in

Text-Fig, 15,

Ventral view of infected female abdomen showin
: g

the highly rudimentary appendages x 6

_fa.as

nary hairs. But in the infected crab th
not clearly divided. The distal joint is represented by g
small stump in the last three pairs, sometimeg bearing
at its end a bundle of hairs. In the first pair this stump
is better developed than in the others, Basal joint in aj
the four bears long hairs and is relatively longer than
those borne in normal females. Exopodities of the four

appendages are present arising as smal] stum
. . s fro
sides of the endopodites, P m the

e endopodite ig
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(2) In this case all the four pairs are represented in a very
much atrophied state. There is no actual differentiation
into exo-and endopodites but each one ig represented by
a bundle of hairs (Text-fig.16).

(3) In this, the first and the second pairs of appendages may
be present in an extremely reduced state. The tendency
is for the complete atrophy of the exopodites but the

endopodites may be absent or represented by a few
hairs.

(4) Most of the infected females belong to this type (Text-
fig. 17). These have their appendages completely atrop-
hied. Only a few hair like projections are seen in the
place where the first pair of appendages would normally

Via. 16 R Fiaie.

Fa. 1t

Text-Fig 16. Ventral view of infected female abdomen showing suppression of appendagcs.
° Note the non-differentation into endo and exopodites x 6.
Text-Fig 17. Ventral view of infected female abdomen showing complete suppression

of appendages x 6.
Text-Fig 18. Dorsal view of normal male abdomen x 6.

oceur. The places where the other appendages would
normally occur are represented by small circular areas
from where one or two hairs are seen projecting.

(¢) Normal Males.

Male crabs are characterized by a narrow flat abdomen (Plate IX
fig. 6) lying closely apposed to the thoracal groove. Segments 3, 4
and 5 are fused together. Fringing the margin are short hairs, shor-
ter and fewer than in the adult female (Text-fig. 18). Two pairs of
appendages are borne on the undersurface of segments 1 and 2. The
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anterior pair is the longer of the two, and it has a b

i i ) asal s
part, a middle plece and a long style which has its anteriors;):)()r}ilz?n
slightly curved. In the apposed condition, the tips of the styles on
the tip of the abdomen.  The second pair yles reach

Co is much smal
fig. 19). The style lies in the groove of the anterior pai:l aller  (Text:

Text-Fig 19,
Ventral view of normal male

abdomen showi
copulatory appendages x 6. ing the

Fia. 19.

(c) Infected Males.

The effects of parasitism are more evident in males.

T
important changes are the following. he more

(1) The re-division of the fused third, fourth an
segments. This re-division appears to
the parasite is in the internal stage ang
parasite emerges to the outside this re-
markedly established.

d fifth abdominal
be evident while
_by the time the
division becomes
(2) The broadening and lengthening of the a
tion of marginal hairs fringing the si
Parasitism causes a widening of the
normal male crabs. There is a degree

bdomen gnd elonga-
des of the abdomen.
harrow abdomen in
In this modifieation
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and all the infected crabs can be broadly divided into the
following three groups:
(i) In this group are placed all those males with internal in-
fection. At this stage of infection the abdomen shape is
like that of a normal adolescent female (Text-fig. 20)
and judging such crabs from their external appearance
they will be reckoned for normal adolescent females. But
a careful examination will show that the abdomen is not
firmly apposed to the thorax as in normal adolescent
females and also that it is slightly turgid.

- Fic. 22.

fiG. 20,

Text-Fig 20. Dorsal view of abdomen of infected male crab, with the externa parasite;
showing approximation in shape to that of normal adolescent female crab’s
abdomen X 6

Text-Fig 21. Dorsal view of abdomen of infected male crab with an extetna parasite.
Shape in between that of a normal adolescent and a normal adult female

crab’s abdomen x 6. ) . .
Text.Fig 22. Ventral view of abdomen of infected male crab with an externa parasite,
Shape that of a normal adult female’'s abdomen x 6.

(ii) In this are placed all those males with the external
parasite and with an abdomen intermediate in shape bet-
ween that of a normal adolescent female and a normal
adult female. Text fig. 21 shows this type.

(iii) In the last group are placed all those males with the ex-
ternal parasite and which show the closest approxima-
tion in shape to that of an adult normal female (Text-
fig. 22).
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It was observed that the average width ang len
group (ii) are greater than in group (iii). In
are large crabs. But in group (iii), in spi
smaller size, the meodificalions are of a more
those found in the group (ii) individuals which

size. It is therefore more than probable that the degree of modifica-
tion secrn in the host is more in relation with the stage of pafasitism
reached hy the parasite than with actual size of the hogt, It may also
be due to the fact that if the attack of the parasite ig ip early Sfages of
the host then the modification in the host is more pronounced as hag
been found in Portunus infected by Sacculina, Day (1935

).

gth of crabs in
group (ii) and (iii) there
te of the comparatively
bronounced nature thap
have a greater average

The length of the abdomen is also affected by parasitism. Mea
surements of infected and normal males show that increase in lengt};
of abdomen takes place in parasitized crabs with a tarapace length of
over 21 mm. Below that the abdominal length tends to be smaller ‘It
is somewhere at this point that the internal parasite is ready to em‘erge
to the outside world. The abdomen increases in length slightly when
the parasite becomes external.

The hairs fringing the abdomen in the infected male are longer
and more closely arranged, showing approximation to that of an adult
normal female.

(8) Abdominal appendages.

Even though the abdomen of the infected male develo
of the female, in the re-dividing of fused segments
of the segments and in the lengthening of the marginal hairs, no ten-
dency towards the development of normal or suppressed female appen-
dages is observed. The male appendages undergo marked atrophy and
the degree of atrophy varies from the presence of highly reduced stylets
to complete suppression. The following three types are noted.

‘ Ps like that
» 10 the broadening

(i) Complete suppression of the appendages which

) is seen in
most instances.

(ii) The two pairs of appendages may be present ag

. . 1L a8 mere vesti-
ges, a condition observed only in a few indiv

iduals.

(iii) The two pairs of appendages may be present a
ges or absent altogether. In addition to t
ments 3, 4 and 5 transparent areas are de
place where the 2nd, 3rd and 4th pairg of
pendages would have developed, had the reg
same as in sacculinised males. Excepting
lopment of transparent areas there is no for
female appendages.

S mere vesti-
hese, on seg-
veloped in the
abdominal ap-
ponse been the
for the deve-
mation of any
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(8) The Chelate leg.

In the normal male and female crabs there 1@ no signiﬁcant sex
difference in size. Neither is there any marked dlffe.r.ence' in the deve-
lopment of the chelate leg. The left chelate le_g is slightly shorter
than the right chelate leg in the same sex. Various measurements of
chelate legs of normal and infected male and female qrabs were record-
ed. The length was measured from the point of articulation with the
thoracal side to the tip of the chela and the breadt.h .was'tak.en at the
broadest part of the chela. Parasitism causes t}’}e diminution in length
of the right chelate leg below to a size that of the left chelate leg 9f
the normal male. While in the left chelate leg, it is bs!:)w normal tl!l
it reaches 27 mm. carapace length and then increases slightly approxi-
mating to the condition of the normal right -chelate leg.. .Here the
breadth of the left is greater than that of the right Parasitism causes
increase in bradth of the right chela while it is diminished in the
left. In the normal female crab the left chelate leg is slig'htly ShOl‘tf}I‘
and thinner than the right. Parasitism causes an increase in length in
both the right and left legs upto 28 mm. carapace length.. tI‘l'lereaft'er
it is diminished. In breadth the right is considerably diminished in
crabs over 28 mm. carapace length. In the left chelate leg breadth is
slightly increased in crabs over 28 mm. carapace length.

(4) Breadth of Carapace.

The average carapace breadth of normal and parasitized males and
females of the various carapace lengths was determined. The breadth
was measured by the distance between the tips of the lateral spines Para-
sitism increases the carapace breadth slightly in both sexes above the
normal state.

(5) Changes in Internal Organization

No appreciable reduction of the liver in parasitized individuals.has
been noticed. Of the internal organs the most important alterations
visible are in the gonads.

Male gonads: In the normal male Neptunus .s'aa'@guin(')lenms testes
consist of a pair of sacculated tubes which ']ie anteriorly in the dorgal
region on either side of the stomach'extendmg laterally an(} oonneqted
in front by a transverse bridge across the m1dd}e line.
They then pass down the sides of the body running along the liver aft_er
which they are connected with the highly conyolpted vasa deferentia.
The terminal part is specialized to form a penis situated on the coxopo-
dite of the 5th thoracic leg (8th thoracic segment) and directed some-
what anteriorly. During the breeding season the vasa deferentia are
full of large clumps of spermatozoa which give a milkish white ap-
pearance to the whole,
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Sections of the testes show various stages o
Text-fig 23 is a section of testis tubule. The germ ce
a mass on one side of the tube leaving a clear |
(Plate X Fig. 8). The tubule is lined by a layer of
ar and more or less oval nuclei,

f spermatogenesig.
lls are seen to form
umen on the other
cells with irregul-

Fa.2a.

Text.-Fig 2. T. S. Testis tubule showing primary spermatocytes.

Text-Fig 24. L. S. Testis tubule from crab with internal parasite showing degeneration
in some parts X 44o.

In the parasitized crabs the condition of the testes shows gz wide
range of variability from one in which it is only very slightly reduced
with normal spermatogenesis taking place to one in which no trace of
the organ car be detected. This last feature is due to the increased
parasitism. In & goad number it is impossible to detect any trace of
the gonad but in others it may be possible to detect its Presence Tg
semitranslucent appearance of the gonad makes it difficult 4, tra.c .te
Roots of the parasite have not been found to penetrate the 'testes ° i
spite of that, gonads undergo marked reduction in gize and apnes 1
mere shreds of epithelium. ppbear as

Text-fig. 24 is a section through a testes from a crap
nal parasite. Sperm production is still going on. There i
breaking down of the cells constituting the tubuleg (Plate ; general
The follicle layer is very indistinct and only a few nuclef g Fig. 9).
tributed near the walls of the tubules. Apparently ¢ re seen dis-

formation and development of germ cells. When the };Zi:lsiii no fresh
I € €merges

with an inter.
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to the outside, further development of the germ cells is prevented. There
is loss of compactness in the arrangement of cells. In Text-fig. 25 ex-
tensive degenerative changes are seen (Plate X fig. 10) and there is
the complete degeneration in some of the tubules.

Abnormal proliferation of the follicle cells without the formation of
the germ cells has cccasionally been noted. In extreme cases of para-
sitization the follicle culls are also broken down and undergo degenera-
tion. OQocytes have never been observed to be produced in the testes.
The penis is very much reduced, but the external opening is not obli-
terated as is found in other cases of parasitization.

Female gonads: The ovaries are similar in shape and position to
those of the testes. The oviducts are large, short and wide. When the
ova are ripe they give a characteristic pink colour to the ovaries which
occupy a large part of the body cavity and the oviduct may be found

fig. 26.

Text-Fig 25. T.S. Testis tubule of crab with external parasite  showing exicnsive
degeneration X 440.

Text-Fig 26. L. S. Ovary of normal crab showing developing eggs X 6o.

distended with eggs almost down to the external opening. The ducts
are short and thin walled and when not distended with eggs it is diffi-
cult to make them out by dissection. Each oviductal aperture is a con-
spicuous, translucent, oval area with an oblique slit sharply defined
from the surrounding opaque white chitin and situated on the sternite
of the 6th thoracic segment, very near the point where the tip of the
abdomen would lie in the apposed condition. Text-fig. 26 shows the
structure of normal uninfected ovary (Plate X fig. 11 & XI 12).

In general, the effect of the parasite on the female gonad is more
drastic than in the male. This is onlyto be expected since the yolk that
is required for the production of ova is just the material which is ab-
sorbed by the parasite. In a large number of parasitized females ng

14



JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA  [Vol. 11, Noi 2
196  JOURNAL OF THE ZOOLOGICAL SOCIETY OF INDIA [Vol. 11, No.2

George : Plate 10

trace of the gonad could be recognized on dissection but in a f. i
© -
mens a r.educed but complete ovary could be dissected out. SuVZhST:;- '
ries are in a state of reduce(_i activity but otherwise normal. Well yolk-
ed eggs were present but probably none of them reached the fully mature

condition whil th . . !
T3 14) e other eggs were seen degenerating (Plate XI figs.

No correlation exists between the degree of degen-zrati

genzration of gonad
and of secon(_iary sexual characters. Even though the atrophy gofn?:hi
gonads continues even after Heterosaccus becomes extzrnal the se-
condary sexual characters do not change after this point.v — )

General Conclusions
1. The period of attack by the parasite,

Delage (1884) considered this event in the life histor

related with the seasons. Day (1935) found that the Iite hostory of
the pargsme had close correlation with that of the host and that crabs ’ \

of all sizes were attacked. According to Delage, infecticn oceurs when : : S
the crab is very young. He states that, in general, the internae are o 8 ' 9
found in Carcinus of 5 to 12 mm, large internae in crabs of 20 to ' - -
25 mm. and externae on crabs of 80 to 40 mm. But Day finds that the g - : . , e T
internae may be present in Portunus of all sizes and finds no correla- ) o —

tion between the size of the ¢
parasite. > crab and the state of development of the

I.n Neptunus sqnguinolentus internae of Heterosaccus were found
only in crak{s un@er 24 mm. carapace length. I am fully convinced that
the al.mosf‘; invariable infestation by the parasite takes place while the
crab is stll_l very young, and the host and parasite develop simultane-
ously. This Qbservation on distribution of the developmental stages of
Heterosaccus in crabs of various sizes confirms this The “in’cernae”S
fers to the stage when the parasite reaches its definite position on th rlg-
mentary canal of the crab near the unpaired diverticulum. Small ext e
are those under 10 mm. length and large externae are those of loernae
apd a}bove. T‘his division is arbitrary but convenient. Internal 'r}lm'
tion is seen in crabs of 14 to 28 mm. carapace length, while ext1n ‘2
pegln to appear only in crabs above 20 mm. carapace ’length Internae
in crabs over 22 mm. carapace length are very rare and it ma bernae
sumed that infection takes place in crabs under 14 mm. carapa yl nath, ’
No sexually ma'gure Neptunus was found to boar a ;‘)aragiléoCe I(}ﬁength.
be argued_that if larger individuals are also attacked the r:fi ti ot 10 ' |
thgz abdominal appendages could not be so very drastic. H eon of _ 10 i - 11 - ‘
minal appendages of both males and femalegs ar S ere the abdo- o ol male | o
great extent as described before. It is only natu?alret?)uct%(%nlio ti;fﬂ% o

. of testis of a normal male crab.

_ of testis of a parasitized crab, with an externa.

. of testis of a parasitized crab with a large externg.
. Ovary of normal female crab,

°
e
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large crabs were attacked the atrophy brought about would be propor-
tionately smaller. But actually even fairly large crabs show no such

indication of recent attack.

The available evidence seems to indicate that the initial attack
usually takes place when the host is under 14 mm. carapace length.

In one or two crabs of 22 mm. carapace length and harbouring in-
ternae, thin abdominal appendages were present but were very much
reduced. Here the infection must have been comparatively late in the
{ife of the crab. It is probable that earlier the infection the greater
is the arrest of development of the abdominal appendages. Many of
the crabs with large externae do not reveal the presence of any abdomi-
nal appendages, others showing varying degrees of reduction. The con-
clusion that may be drawn from these facts is that infestation rarely
takes place when the crab is over 14 mm. carapace length but usually

when below this size.

Heterosaccus is found to differ from Sacculina and Peltogaster in
that infection takes place apparently only (or with few exceptions)
during a short period in the very early life of the host. Consequently
unlike erabs parasitized by Sacculina where a considerable number about a
quarter to a third of the total) are externally unmodified, having appar-
ently been attacked too late in life, such a condition is unknown amongst
any of the Neptunus parasitized by Heterosaccus. Here the crab grows up
under the parasite’s influence and so it is convenient to study the effects
of parasitism without the complicating factors introduced by parasitiza-
tion at widely different ages. Reference has been made to the degree
of modification probably caused by infection occuring at different times
during this comparatively short period. But this variability cannot all
be attributed to the time of parasitization but must also be due to
constitutional differences of hosts. The same conclusion is insisted upon
by Potts (1906) with reference to Eupagurus and Peltogaster: vide also
Smith (1910) with whom it is a major contention. ’

2. Endoparasitic Development.

In Sacculing there is an ‘interna migrans’ stage. T i
embryonic cells of the Kentrogon larva, entering thg haen?oecoglevgle(i;p;ng
plied to the intestine and begin to grow down the intestine de:velo ixf ,
more and more roots. In this migrans, the anlage of the viscera] Igasg
and mantle is formed. In Peltogaster, Reinhard (1942) found that i
the definitive position, a globular massof cells, containing the anla e: 2f
visceral mass and mantle are formed before the formation of an ﬁ)ots
In Hetez"qsaccus also the growth of the root trunk ig from theydeﬁni'
tive position. This is evident as older roots are found nearer the tu i
our and younger roots farther and farther away. ¢ -
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In Sacculina, Delage (1884) found the mantle sac to be formed by
delamination from the inner wall of the original investing sac the ca-
vity of the latter forming the cavity of the Perisematic spz\:ce But
Smith (1906) proved this to be wrong and that the origina) in\;esting
sac remains unaltered as the mantle cavity or brood pouch while
the perisomatic cavity is formed by  separate invagination
of the wall of the central tumour, In  Hetercsaceus at the
very early stage observed, the mantle cavity hag been formeq prior to
any other organ. The mode of formation of the perisomatic cavity is
differcnt from that of Sacculina. Invagination starts at a point oy :
site the visceral mass and the intestine of the crab, and at the post ‘;P .
part of the central tumour. In Heterosaccus the perisomatic bosterior
closed and the opening is only formed lat atic cavity is

er. In Sacculing it j
space from the very beginnin  the Sac-

: g and the cavity is formed bef Y
culiana migrans has reached the definitive position whilee (i)treistltl'gri?:é

only much later in Heterosaccus, noti .
well (Reinhard, 1942). iced in Pellogaster as

f ” .
essential agreement with that of Sacculing. the other organg are in

3. The Evagination of the Parasite.

In the last stage of endoparasitic development descri .
scrib
shown that the membrane separating the tumour from tif-g o?ltt)si\éleelt 3?3

was a very thin chitinous lining of the abdom
have not observed the actual emergence of the °n of the crabs. But 1

that the evagination of the e barasite. Smith surmised

shape of the abdomen having mature interna g

. . nd . .
gestive that it has taken place at a mouylt. When e;‘;:r;l:r;ziing.hly sug-
internal stage the abdomen is r but e 13 in the
becomes much broader and in ut the abdomen

8 th ;

fused segments completely establisheq, While Dz.;e%ir;)%rgt)at}llon of the
that a moult is not necessary for emergence in the case of Z’s .proyed
all evidence shows that in Heterosaccus  the emergénc ¢ acculina,
takes place at a moult, € of the parasite

4. The Breeding period of the Parasite,

‘esemble in their durati 4
ced by Orton (1936). Neptunus sangui uration, as hag also been noti.

ternae were numerous in October,
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female crabs were with berry. An analysis
ion of thoef fz};gale crabs suggests that the fgmal‘te cgitr)lsu:;;

of the cpllectlon August and September. From October to . anua,
mature in Jaly, ltl}% pbrood of eggs are constantly met wx.t . Sg,
crabs which ST liei of the uninfected females Qf the populatlon. or a
along With the naup lii of the parasite are also liberated 50 that ‘mf_ec-
lttle eatlier e nahlgl the crabs are very young. .A definite corx;ieAatlon
ot tal}ies gli(;e e:zvasons of the host and parasite )s thus observed.
in the bree g

In January 10%

rasite

3. Fute of ‘th‘e Paarcini infecting Portunus holsatus, Day (1935) fo;: n(i

In~Sawulm§ eceding season of the parasite it drops off, and ;hef gfn
that after oY ¥ru moult and may regenerate an externa. Crg S rdu
thus liberated W) s drop off, he called scarred crabs, the scar being ae
which the parasites of attachment of the former Sacculma_ externa.
to the blackened Sturﬂ)s have been obtained during this study 1tt;1s cé);l&
As no crabs Wlfh .Sc‘no general dropping off of the.p%}ras.lte_at € ton.
cluded that there 1S and that the length of parasite’s life is CO-}SX -
of a breeding se?s%n’ host. There was a single instance of a cra wxs h
sive with that ?-t f ljeen freed from the parasite. But leWiSO;m(l)):l:er-
evidence Ofwbh?:t‘h’;i the parasite was separated off by acciden
ble to say

wise.

the Host.

6. The Fai? of found that infected crabs may recover but he fou;xgi-

Smith (1906) low and exceedingly few recovered crlabs w:eme b
the process to be SDa (1935) suggested that an anoma Ouls" gr para-
tained in n?ture- . yrabs without externae but containing dlvéng Ic)rabs
highly II;Odlflizd‘SrE:riefi' crabs that hane (r:n Ouuc:)?fd.cmil;czx;nn?irieg in this
itic roots & . ection .
2:'1"600‘(’]91‘;1‘3 fg‘:;i oo of ;‘gﬁh“;s‘ﬁ?gﬁ?y indicative of the fact that there
case anc the ab

i arasite.
is not the general dropping off of the p

numbers of host & parasite.

; i 1431 crabs were exgmined. Nearly
During the period Ofaiglssitiszt:(gy The number of 1nfect§id cratgz
10% of thqse were 11;1 the different months. 'ItD reaci)e o
varied COIlfSIZiS;abilg October 1941, droppfed6 ;0 212%3 ;Irllua :;e;r; 42r of the
aximum 0 () e m o . 42,
‘:‘me year and "e‘ifh‘;‘iya rﬁm}ﬁly it was 5%, and 12% ul;) ‘“;‘ii“i?
e hing 20%" o 1<;lfl 30'% in December 1942. But 1r;1 thef?o;e ce of
Seicplirsg :t;:il:&?:l;mdata /no conclusions may be reached
etalie »

figures,

7. Some data on the
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8. FEffect of Sexual Characters,

The time when this transtormation of the seco
ters vccurs was tound by Smith to be at th ;
a few cases he observed this moult failing to biirei;d};iles gfl the}hOSt‘ In
exterior, so that the phenomenon was observed of the ecf;ulm“ t_O the
parasitic castration, being apparently brought about k;ﬂits of the
interna but such cases could easily be distinguished, Ne ty Sacculing
wnolentus transformation of the secondary sexua] charazt’unz¢§ sangu-
described by Smith (1906) in Inachus scorpio. Even whc €IS IS not ag
Is in the interna stage there is a profound modificat en the barasite

dary sexual characters in the male as well as the ferlr(l):xlle()f the secon.

ndary S€xua] charac.

The next question that should be considereq is ¢
tion brought about by Heterosaccus. The term }Il)ilrrellam're of castrs-
was introduced by Giard (1887) and has since be Sitic Castration

Objection has often been raised as to the validity f; et’ﬁzer}cswely used,
er

ground that the changes do not necessarily mean g 0 on the
gonad.  Wheeler (1910) employs the word “Castratici?,st_ruCt1on of the

a broad sense to mean, ‘“any process that interfereg wit}lln Z'OOIOgy in
» Or lnhlblts

the p1"oducti0n of ripe ova or ripe spermatozoa ip th
organism and not merely in the concise original mean?ngonads of an
den and complete extirpation of the gonads.” € as the sud-

In crabs there are five instances of parasitic
about by Rhizocephalans namely that by Sacculing
eodiscus, Triangulus and the present instance of ﬁe
a comparison is made between Heterosaccus and ot
thing that strikes is the great modification of
sexes of Heterosaccus. With Saceuling on Portunus carei
7070 of the parasitized crabs show obvious  modificati, s only about
dary sexual characters; in the case of Peltogaster on 'En of the secon-
75% are modified. In Neptunus parasitized by Hete;magurus about
striking modification of the abdominal appendages ,ran 0saccus we find
absence to highly vestigial appendages in both méle an:‘;’llng from tota]
This is presumably due to the early infection of thege female crabg,
male crabs there is no development of female appendg Crabs, the
be suggested that the transparent areas on segmentg 3 ies but it may
infected male abdomen indicate changes in tha, direci;“ and 5 of the
the broadening of the abdomen, the lengthening 10N ag alge are

ing the sides and the re-established segmentation if?filf?:ct}égirs fring.
' males.

It has been pointed out that in female cra
sion of abdominal appendages is far reaching, E))sn];,” }Lire
areas are seen on segments 2, 3, 4 and 5. The rede t
appendages is gradual and the tendency is for the grad uct
of the exopodites. In other instanceg of castration u.al SUbpression
is the endopodite of the female appendage that is mo.s:,tc;téd tabove, it
ected,

castratiop b

rou
Peltogaster, Le'rfqht
terosaceyg hgl;
her formg, the firgy
appendages in both

the suppre.
ransparent
10n of the
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Giard (1887-b) described typical feminization of male crabs but
considered that there was no essential difference in the reactiong of the
male and the female and that the changes are reciprocal. Smith
(1910) proved however that the sexual modifications induced by
the parasites were solely in the direction of male to female
but never from female to male. The changes such as the accelerated
assumption of certain adult characters in young females and minor
degenerative or regressive changes in the appendages noted were
assigned to malnutrition.

It has been proved that the primary sexual characters have no
control over the development of secondary sexual characters. Brinkman
(1936) experimentally investigated and found the presence of sex
hormones in Crustacea and the changes brought about by these para-
sites and attributes these changes to the following three factors:

(i) The castration of the host which is brought about by sub-
stances which are produced by the parasite and transferred
into the blood of the host;

(ii) The consequences of the low metabolism of the crab; and

(iii) The absence of sex hormones of the host as a consequence
of castration.

Reverberi (1943) feels that the observations made by him invali-
date atiempts to explain the phenomena of parasitic castration by sex
hormones, alimentary substraction and regression to juvenile state. He
interprets data collected by him as evidence of sex fransformation
brought about by the action of the parasite on the essentially inter-
sexual nature of crustacea.

Reinhard (1944) adversely criticizes the theory of Smith from
the standpoint of comparative physiology. He bases his observations on
the theory of elaboration of toxins by the parasites.

Summary

1. The life history of Heterosaccus ruginosus (Boschma) infecting
the crab Neptunus sanguinolentus (Herbst) is described.

9 A total of 1431 crabs collected between October 1941 and
December 1942 forms the material of which 10% of the crabs was
found to be parasitized.

3. Fixation of the parasite probably takes place when the host is
under 14 mm. carapace length. :

4. The endoparasitic development follows essentially the seme
lines as those of Sacculing and Peltogaster. The mantle cavity is
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formed by delamination and the psrisomatic cavity by an invagination
of the epithelial layer of the central tumour.

5. The life of the parasite is probably co-extensive with that of
the host.

6. The effect of the parasite on the genera] vitality and viability
of the host is apparently negligible. The available evidence suggests
that moulting is prevented.

7. On account of early parasitization Neptuns sanguinolentus
undergoes greater modification than other parasitized crabs. This is in
contrast to other Rhizocephalan parasites in which a considerable per-
centage of the hosts are unmodified, due probably to late parasitiza-
tion.

8 The effect of parasitism in the female is to alter the shape of
the abdomen of the adolescent crab causing it to assume the shape of
the abdomen of the adult prematurely. Suppression of all the abdo-
minal appendages occurs.

9. Parasitized males develop certain female characters like the
shape and redivision of the abdomen and lengthening of marginal
hairs.  Copulatory styles are suppressed. Female abdominal append-
ages are not developed. Development of testes is mrakedly retarded and
in some cases completely checked but no ova are developed.

10. Modification of the external sex characters is only from male
to female but not in the reverse direction.
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Key to Lettering
a.c. arched cleft formation
a.f 1—atf 4 atrophicd female appendages 1 to 4
ca.c.t. cavity of central tumour
oI chitin over roots
et central tumour
ch.bi. chitin block
ch.ext. external chitin of thorax of crab
chut. chitin of central tumour
en. endopodite
ep.c. epithelial cells of central tumouy
ex. exopodite
fa. 1—4 temale appendages 1—4,
fn. folicle nuclei
im.v. cells forming the visceral mass
in.c. intestine of host erah
i.p.c. invagination to form the perisomatic egvit
iw.m. analage of the inner wall of mantle, !
Lt Liver tubules of host crab
m. mantie cavity
pm.a. 1—2 male appendages 1 and g
mr. main root trunk
mw. mantle wall
mah. marginal hairs
n.gl. nerve ganglion
nu. ‘nucleus’
oW, Outer mantle wall
ov. ovary
p.a.v. place of attachment of visceral mass
p.c. perisomatic cavity
p.h. place of attachment of externa
pe. peduncle
- re. retinaculum
r. roots of Heterosaccus
sp.c spider cells
V.. visceral mass
v.d. vas deferns
t. testes
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THE PROGRESS OF THE SOCIETY DURING 1958.

I. General

'This is the second year of my service to the Society as its Presi-
dent, and I am grateful to all the office-bearers and members for their
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valued co-operation during this period. May I also wis

bers of the Society a Happy and Prosperous New Year, h all the Mem-

I welcome the three new members of the Executive

namely, Council,

1. Prof. P. K. Menon, our new Mana
ed January 1958).

2. Dr. S. M. H. Khatib, our new Foreign Secretary

ger of Publications, (Elect-

July 1958). (Elected
3. Dr. B. 8. Bhimachar, our new Editop -
July 1958.) or of Publications (Electeq

I also heartily welcome the new Members of
the new Ordinary Fellows, Corresponding Fe|]
Fellows.

the Society gg well as
OWS ang Honorary

II. Honorary Patronship of the Society

Members will be glad to learn that lag

the Prime Minister, Shri Jawaharlal Nehruy, E}V;nsoggsag(egegember, 1958),
the Honorary Patron of the Society. This associatio;l '(l)l agree to pe
be a source of great inspiration to galj Memberg awii » I am sure,
record the occasion, a Scroll, which is exhibiteq here W.ﬁ Felows, To
to the Honorary Patron. (Vide Year-Book Zool, Soc. gy, 191;; Dresented

Y% pp.3).

III. Membership

(1) New Addition: —The total number of
540 but the effective membership, i.e.. those wﬁegzeﬂs on our rojlg ;g
and not in arrears of subscription, is 194 ag against 126 80od standing
increase of 48. The total number of Ordinary Fellow last year—an
b9, of which 48 are in good standing. The numbep osf on the rolls ig
who joined the Society this year is 61 ag against 26 New Memberg
we are glad that the membership-strength has increasesls'c year. While
as much as we could wish for and we should continye » the rise is not
drive to which I referred in my Address last year. our Membership

(it) Deaths—We regret to record the .
ed Corresponding Fellow in the Soviet Union, dlgigtl‘eszfo 0‘1131' distinguigh-
gradov, the Head of the Department of Vertebrates an; ¢ Oris 8. Vino.-
Mammals in the Zoological Institute of the USSR he Curatop of
Sciences in Leningrad. He was elected 2 Corresponding P Academy of
and died on the 10th of July, 1958, after a Jong iniesslelow in 1952

IV. Finances

A detailed account of the condition of the fin
has already been given by the Treasurer in his re:(;ctes of our Society
manent reserve of the Society stands to-day at Rg, gq 9'§he total pep.
© TV as againgt
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Rs. 33,946 last year, ie., there is an increase of Rs. 3,043. The book
value of the stock of our publications, e.g., the Jornal, the Blletin, etc.,
stands at Rs. 35,570.

The following donations have been received during the year and
are acknowledged gratefully:—

(i) From the National Institute of Sciences of India ... Rs. 2,000

(ii) From the Annamalai University, Annamalainagar ... Rs. 50
(iii) From the Burma Shell Qil Storage and Distribut-
ing Co. of India Ltd., Calcutta ... Rs. 100

Total ... Rs. 2,150

V. Publications

(a) The Journal.—The progress in the publication of the Journal
of the Zoolgical Society of India has been satisfactory. The No. 2
issue of Volume 8 (for 1956), which was being edited by the previous
Editor, Dr. M. L. Bhatia, was, after long delays, at last published dur-
ing the year 1958.

As mentioned in my last year’s Address, our present Editor, Pro-
fessor R. V. Seshaiya, assisted by our new Manager of Publications,
Professor P. K. Menon, has been making great efforts to clear up the
arrears left over in the past. A new press was chosen as an experi-
mental measure, and Vol. 9 (No. 1) for 1957 was published in Octo-
ber 1958. The press had again to be changed and this entailed some
further delay in bringing out the other issues. But I am glad to say
that No. 2 of Vol. 9 is also now out and I hope members have by now
received copies of both the issues of Volume 9 (Nos. 1 and 2). The
Editor expects that No. 1 issue of Vol. 10 will be out in February and
No. 2 issue in April, 1959. The No. 1 issue of Vol. 11 is expected to
be published at the scheduled time, i.¢., June 1959, and with the timely
appearance of that issue the arrears will have been cleared.

(b) The Year-Book for 1957-568.—Members will recall that the
first Year-Book of the Society was brought out last year and covered
the period 1956-57 (1st April 1956 to 31st March 1957). The second
one. the Year-Book for 1957-58, is in print and I hope that Members
will receive their copies shortly.

(¢) The Inidan Zoological Memoirs—As mentioned in my Address
last year, the Society has now shouldered the responsibility of publish-
ing the Indian Zoological M emoirs (initiated by the late Professor K. N.
Bahl). The progress in their publication is briefly as follows:—
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Revised editicns cf two of the old Memoirs were ublished duri
1958, and a third is still under revision. P d during

o ‘ - The manuscript of a new
memoir is under scrutiny, while another manuscript is expected soon.
The details are given below: —

(i) The fourth edition of Memoir No.
Indian Seas, Scoliodon), by Dr. Mj
was reprinted.

2 (on the Shark of the
ss E. M. Thillayampalam,

(i1) " A second editicn of Memoir

No. 6 (on The T di .
Prawn, Palaemon), by Dr. S. ndian River

S. Patwardhan, was published

(iif) Memoir No. 7 (on the Indian Sea-urch
R. Gopala Aiyar, iy under revision
Dr. P. N. Ganapati, and it ig hoped
be carried ouf soon.

(iv) A memoir on the fish Ophiccephalus
been assigned to Dr. Har Swarup
sity, Sagar

in_, Salmacis), by Prof.
Since over a year by
that the revision will

punctatus (Bloch), hag
of the Saugar Univer-

(v) The manuzcript of a new memoir

: oir (on the Desert Locust,
Schistocerca gregaria) was received

and is under scerutiny.
(vi) A new memcir cn the centipede Scolopendra, by Dr. B. 8.

Jungi of the Science College, Nagpur, has beep promised
very soon.

Tentative rules to regulate the relationships betweep authors and
the Society in respect of such matters as copyright, profits, ete, have
been framed.

In agreement with Messrs Lucknow Publishin
and with the consent of the authors, the entire av
Indian Zoological Memoirs (viz., those on Osfreq
with that firm has been taken over by the Socie

g House, Lucknow,
ailable stock of the
and Salmacis) present
ty for sale,
(d) The ‘Who’s Who' ¢f the Society.—To finalise )

the Treasurer had issued circular letters to Memberg a;geFZ?gvfs Whg’
as a result, biographical and scientific particularg and photographs V3nr,
received from a large number of Members and Fellows, The ere
script of the Who’s Who is now nearly ready to go to the pr Sanui
hope that it will be published in the next few months, ang gorces.
bers will find it a useful work of reference. ’ em-

(e) The National Register of Zoologists in ]
Dr. B. 8. Chauhan, had sent a circular post-carq t, severs
zoologists in India, both members of the Society ang non-mgrlxlbe}:;nd:eg
the replies received were sent severa] months ago tq the Secrétarr;;
General for compilation, and it is hoped that the compilatic etary.-
speeded up. p n will be

ndia.—The Treasurer,

Dec. 1959] ROONWAL : ADDRESS OF THE PRESIDENT 209

V1. The First All.India Congress of Zoology

You will recall that at the Annual General Meeting held at Madras in
January, 1958, it was decided to ciganise .the First A}!-Indg Copgre_ss
of Zoology under the auspices of the Society, and with this aim in
view a Steering Committee was formed. The Local Secretary sent out
circulars, etc. to about 2,000 zoologlsts._ The S.teermg Committee met
several times in Calcutta but, for certam.unavmdablg reasons, arrange-
ments cculd not be finalised. The COIY}H]Itt-?e was dissolved in Septern-
ber, 1958. Subsequently, we have received invitations from two univer-
sities. The matter is now before you.

VIiI. Symposia on Zoological Topics
The publication of the Pl'oceedings of the Symposium op “Applica-
tion of Zoological Knowledge to National Advancement,,,. held at Cal-
cutta in January 1957, was delayed owing to the late receipt of the full
papers. The Proceedings have now been published as No. 2 Bulletin of
the Zoological Society of India, and copies are now before you.

i } “ y i logical Re-
The second symposium, viz.,, on “Modern Trends in Zoolog
search ien India,” was held the day before yesterday (20th January).

VIII. The Society’s Awards

The Tata Medal.—The Sir Dorabji Tata Ggld Medal] (third award),
for the most outstanding contributions to zoological researches published
in India during the three-year period 1955-57, has been awarded to Pro-
fessor A. P. Mathew, Retired Professor of Zoology at the University
College, Trivandrum, for his work on the embryology and biology of
scorpions,

The Bhalerao Medal—The Bhalerao Memorial Medal (second
ward), for the most meritoricus contributions to Helminthology during
£tlhe thr,ee year-period 1955-57 Js under consideration.

IX. Representation of the Society on Outside Bodies

" r Wild Life—Dr. H. Srinivasa Rao, our Vice-
!gdlg”cfgfiﬁeg :;0 be our representative on the Indian Board for
Pr_elzl I(jpf, of the Government of India. He has, however, recently ex-
Xzssedl: wish to be relieved of these duties and the Society has now
)

to choose a substitute.

X. The Appointment of Non-Zoologists in Posts Requiring
. Primarily Zoological Qualifications

ime to time instances come to light when, owing perhaps to

i Fromti%nm?)f duties, local influence or some other factors, non-zco-
;nlchncsge appointed to posts requiring primam}y zpologicgl qualifica-
t?gfé s As the premier all-India society of zoologists in India, it ig our
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duty to protect the legitimate interests of the
the undesirability of perpetuating such incongrui
employers who, if rightly apprcached, wil

?oologists and to bring
ties to the notice of the
,1 am sure, respond suitably,

I would particularly request that Members shouy] bri
along with full facts, to the notice cf the Society to gnalk;ilelg'c hsuclhtiase&
take up the matter with the appropriate authorities, ¢ latter to

XI. Prof. K. N. Bahl Memorial Fund

Members will recall that as a result of appeals for mor:
of the late Professor K. N. Bahl of Luckl?(?w, Weohat(il ecl(\)/ﬁimto ial Fund
hundred rupees, and this sum now stands at Rs, 741, ;c etd.a few
Mrs. K. N. Bahl, the wife of the late Professor Bah] flas r0 hlsi fund
nated a sum of Rs. 800,- which we have gratefully acc’epted e‘i‘infc y do-
posed to institute a Bahl Memorial Medal at the Lucknow~ . _1s pro-
Negotiations with the University on this matter are con,qnuingmvers1ty.

XII. Registers of Signatures, the Scrolls, etc.

As decided last year, the following acti .
matter: — & dction has been taken in this

(i) Register of signatures of members—A Register mad ;
e o

special hand-made paper is being made ready gz
. n
will be requested to record their Signaturesyin idtMembers

(i) Albwm of photographs—Photographs have beep
from a large number of Members ang Fellows. T
shortly be arranged in an album. '

(iii) Serolls to Members and Fellows —There wa
the selection of paper for the Secrolls g
printed. It is, however, hoped that tj
ready soon for distribution.

received
hey will

$ Some delay in
nd getting them
e Scrolls will he

(iv) Group photograph of members—Last yea ..
made and a group photograph of thg’eMgriblgssgmnmg was
soon after the Annual Meeting at Mg dras ins taken
1958—the photograph is being repro duced in rich anuary,
Book for 1957-58. e Year-

XIII. The Society’s Library

The Society’s Library, which is maintained at Cg] :
ing 1958, an addition of 335 volumes including bOOﬁ:tt‘;’eﬁCg}ved, dur-
reprints, and the total number now stands at 1753 V,Olllmeo leals ang
grateful to the donors for their generosity. Among ty, mos. We are
additions this year are seven volumes (volumeg 4-10) of the rweel‘l’ilrlllable
/% Vell-known
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work .on the insects of Brazil, Insectos do Brasil, presented by its au-
thor, Professor Costa Lima of Rio de Janeiro, who has further pro-
mised to send the remaining volumes of this book.

XIV. A Permanent Building for the Society

For a long time the Society has felt the need for a permanent build-
ing of its own where it could house its growing library and also start
a laboratory. I would recommend that we should start forthwith a
special Permanent Building Fund for the purpose. With some efforts
it sheould, T believe, not be difficult to collect an adequate sum of money
for erecting at least a modest building to start with.

Part 2

TERMITE RESEARCH IN INDIA

(@) Introduction.—My excuse for selecting this topic is that for
the last many years I have been rather intimately connecied with ter-
mite research. Furthermore, termites provide good material for investi-
gating certain fascinating biological problems in many fields which are
still unresoived, and if my Address will induce even one or two zoo'ogists
to take up the study of these insects, I. should feel amply rewarded. Ter-
mites have a caste system, and there occur soldiers, workers and reproduc-
tives (kings and queens), each casle being morp'oogealy easiy d s3-
tinguishable and performing well-marked separate functicns. How 4
the castes arise? There are vario s theories but little ¢xact know edge.
The taxonomy of termites ig complicated by the fact that an ideal ac-
count of each species must contain descriptions of at least three cas' s—-
the so'diers, the workers and the alates (repro-tuctives)—and-som-times
even more, as there are, in several species, different kinds of worke s
(major and minor) and somet‘mes as many as four different kinds of
soldiers. In practice, -soldiers and workers are the forms :‘most
commonly available while collecting in the field. The alates or
reproductives are formed in the colony generally only few times in a
year, and soon after the full development of wings they fly away to
start fresh colonies. Unless, therefore, - all the castes of a species are
collected from the same nest, it is not always easy to correlate them
to one another, and this difficulty - has been  the source of much
confysion in the literature.

Out of about 2,000 species of termites so far described in the
wor'd, about 170 are known from the Indian: region (i.e., India, Burma,
Ceylon, Nepal and East and West Pakistan), but many more remain to
be discovered. - Every major Indian collection that I have examined
during the last few years has produced at least one or two new species,
and it may be surmised as a rough guess that the total number of
spec.i?igoccurri'ng in Indian region is about 225 to 250,
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Termites are well known as serio
. us pests of i
products (books, timber, ordnance stores, ete.) a?lglmglfﬂtll)lriel’dgfg:to:eg
, an

there have been recent examples of t f .
about which I will tell you a little later(.)Wnss Peing ruined by termites

Probably the earliest recorded scienti

o . ific i .
mites in modern times are those of Koenig (170';)5 er: %t;;r.lshon Indian ter-
medical man who lived and worked in southern I;ldia- 15h naturalist ang
interesting biological observations. 1Ip the latter part ¢ Tecorded some
century and the early part of the twentieth asgla of the Nineteenth
from Holland, made extensive researcheg 0,’1 th & Jesuist priest
and termitophilic insects of the Indiap region. F]
was the Agricultural Entomologist iy the Madr etcher (1912), who
on thfa Imperial Eptomologist at Delhj as Pél
the biology of Indian termites. Holmg’reh (1913 able obser\ratioxls on
ist working in Stockholm, wrote g fi )
the oriental termites. In 1951 when |
examine his valuable collection now re :

S

ment of the Hogskola (Stockholm UniIirerseig?d Sltltl)clt}lizl rﬁoolog’y Depart.

(b) Recent Work.—In spite of some
past by such autl}orities as Wasmann, Holnger::aS-I .
much more remains to be done, The Indis ,Oul v.eistrl, Snyder, ete.,
Research has, for the last few years, sponsoreq neil of Agricultupa]
of research on termites—one on  taxono: °

Zoological Survey of India, Caleutta, ang tw A
0 on biolo

control at the Indian Agricy . g

State). tural - Institute, ~ Anang <B’Qm§§3
A brief review of recent work i i

by me (Roonwal, 1958) a fow montns nagon.ldla (1947-57) Was publisheq

in the last few years. A comprehengi

Sarma on several genera, nameI;e K oriegraph
Eremotermes, is expected to be out in t
being published by the Indian Council i
mention may be made here of the g; o Asricultura) Research, Special
mitidae R. & S., from Burma.

In the field of morphology, Prof:
worked out in great detail the essor K. S.
mound-building termite of northern Ind
};.lg‘l)l.’e :?rlxdt htiltesfnmehspgdes ?1’- Vishnoj (If§5g;iont:i studied th
echanism of worki ied the
ing apparatus. Ing of the moy musey.

Several interesting facts have beeq di )
logy, and a few examples will be meﬁ‘tig‘lsegovered In biology angq eco-

Profegsop . D. Gupty
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(1953a) found that the total population of a mound-colony of Odonto-
termes obesus varies from about 4,548 to 90,961 individuals of all castes
depending upon the size of the mound, the soliders being no more than
about 7-18% of the total population (soldiers, workers and nymphs). In
the same species, Gupta (1953b) showed that, contrary to the views held
by some workers, neither the queen nor the royal chamber have any
favoured directional orientation which according to some other
authors is North-South. Observations on biology and ecology have also
been made by Roonwal (1954-58) and Roonwal and Sen-Sarma (1955-56).
Especial mention may be made of the occurrence of the death of plan-
‘tation teak in 1952 in the Gorakhpur Forest Division of Uttar Pradesh
as a result of excessive eating of the bark by the termite Odontotermes
parvidens Holmgren (Roonwal, 1954b).

An even more striking example of termite damage is, as I reported
a few years ago (Roonwal, 1955) the virtual ruin of the medieval town
of Sri Hargobindpur, in the Gurdaspur District of the Punjab, due to
the persistent attack of wood work of houses by the termite Hetero-
termes indicola (Wasm.). Stray damage was first noticed about the
vear 1940, and from 1945 onward the attack became general. New
wood work, e.g., beams, lentils, doors, window frames, etc., does not
last for more than a year. One after another, houses have collapsed,
and the town to-day presents the appearance of a bombed place. Many

inhabitants have left for good, never to return.

(c) Conclusions.—With the exception of the Himalayan species,
Archotermopsis wroughtoni (Desn.), whose biology was studied long ago
by Imms (1919), the biology and ecology of none of the Indian species
is adequately known, and here is a fascinating and virgin field of re-
search which I can recommend to any one to take up. For the study
of life-histories, I wouid suggest the rearing of artificial colonies in
small, flat, portable cages of glass or plastic.

Termite Protozoa—Several species of termites harbour Flagellate
Protozo in their gut. A few species of Indian termites have been

studied in this respect, but many other species still await examination.

| The results of these studies are expected to be of great interest both

from the point of view of the Protozoa as well as of the host termi-
tes.
1 have said enough to show that there is a greatfield for termite

research in India in several directions such as, systematies, morpho-
logy, biology, physiology, etc., and I hope that more and more zoologists

will take up these problems.

Ladies and gentlemen: 1 thank you very much for listening to

this Address patiently.
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A New Gobiid Fish from Porto Novo

BY J. JACOB AND K. RANGARAJAN,

(Annamalai University Marine Biological Station
Porto Novo, Madras State.) ,

With 2 Text-figures.

During one of our periodical field trips in Fe
specimens of a Gobiid fish (Fig. 1) were follected gs;r{)ui%& a few
feet deep) in the muds of a creek which runs into the Vellar r:ws (1—2
Station B.  (Vellar estuary and location of the estuarine stes‘t.uary near
Jacob and Rangarajan, 1959). The muds in question are ations, vide,
ing low tides and are submerged under high salinity w:l’g::egug;:g

Text Fig. 1. Photograph of a new Gobiid from Porto Novo

high tides. Adult specimens of both sexes hay )

largest so far collected measured 62 mm. and incideentz?f;‘ it obtained, the
tioned that in specimens measuring 50—58 mm. collected in g\:ybbe men-
the ovaries were in fully ripe condition. Specimeng hay ctober 1959,
obtained only from the region of the estuary stateg 3b0vee 80 far been

A study of the characters of this fish, especi
united ventral fins, indicates that this belongg I:;oc?}'lléy f:.he‘l comp}gtely
but from a survey of the available literature (Day 187§m Iji Gobiidae,
Koumans 1948, Munroe 1955) it would appear that this Goby Lar® - 0
far been reported in India or Ceylon and ig pmbab¥ a8 not so
science. A preliminary account is therefore given below to 3' new to
tion to these facts, pending a detailed study of a largey raw atten-
specimens and their bionomices. ger number of

Rody is elongate, sub-cylindrical anterior}
pressed posteriorly and head is rather pointed. Ili’ena;ig é?tt}alralcliy com-
of caudal 4 2/5, height of body 9 1/3 ipn total 1ea h5 1/8,
eyes are small, (diameter about 1/8 in length of head) elllg't(.1 The
together (1 diameter apart) much anteriorly (11/2 diamg:;es f‘i‘)’;?
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end of snout) and are sub-cutaneous. Fine pores are present around
the orbit.

The lower jaw is much longer and the mouth nearly vertical. The
nostrils are very close to one another and the anterior tabular ones over-
hang the upper jaw. The head and the sides of the jaw bear many ridges
of microscopic papillae. These features have been represented in Fig. 2.

Text Fig. 2. Sketch of a new Gobiid from Porto Novo,

Teeth in the upper jaw are small and pointed and are present in
a band which is broad in the middle and narrow posteriorly. The
outer ones are enlarged. The lower jaw containg 4—5 rows of larger
pointed teeth and a pair of conspicuously large canine teeth are present,
one on each side near the symphysis.

Tongue is rounded, free and not notched in the middle. Scales em-
bedded in slimy skin and sparsely distributed except in the posterior
regions and in the row along the median line of the caudal half as
shown in Fig. 2. Anteriorly small cycloid scales are present, but they
increase in size posteriorly, where both cycloid and ctenoid scales occur.
Head, cheek and nape with minut.e scales.  About 32 rowg of scales
between the axil and hypural joint and about 12 rows between the

second dorsal and anal.

D1 VI; D2 I/1218; A I/ 11-12; P. 17; V. 1/ 5;
C. 16-17.

First dorsal low and originates over the anterior half of the pec-
toral. The undivided rays increase in length from first to fifth, and
the tips of the fifth and sixth when adpx:essed extend beyond the origin
of the second dorsal.  Second dorsal higher and the rays increase in
length to the penultimate which. reaches the base of the caudal when
adpressed. Anal situated opposite to and though smaller in height is
gimilar in form to the secong dorsal, Pectorals large and rounded and
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their origin is vertical with that of the ventrals The
y extend b
the ventral, but do not reach the anal.  Ventral fins completely \fx{?trég

and their basal spines are connected by a rather well d
brane. Caudal is oblong to rounded: eveloped mem-

The body is deep brown in colour especiall i
is almost black. The basal half of the'f}'x)rst dgr:;.lle ﬁd;)risald(}:alfbwhlct_:
put the anterior end and outer margin deep yellow. Secosnd dep fo“lm’
is deep brown with yellow margins. Splashes of red presentorsa l?ig
the dorsals. Prominent patches of petacock, blue on the mgrlrllbr;)ne

hetween 5th and 6th spines and the body.  Pectorals yellow with many’

‘Caudal »
Anal black and ventra] almost .

minute black spots and iis deep yellow bas
transparent yellow with dark base. e rather fleshy.

colourless, excepting base which is dark. ..

The most striking feature of colouration i : .
the occurrence of a broad and deep yellgv?’nb;nn dth;irg:h’ tll:ow;verl.dls
extending to the base of the pectorals and another Slanti: el ls oulder
on the caudal peduncle almost continuous all roung (%‘.ye ow band
yellow patch, more or less conical; is present on the mid-(;gl"s:l)lregi‘?)g

of the head beginning from the anterior marging .
tapering to the end of the upper jaw. rging of the orbit and

The characters of this fish, like the shape of the body. mum .
’ er,

and distribution of scales, ridges on the head and si .
‘position of the eye ‘in‘relation to each other ans(;d:}sleoi‘nt(? etJf*tV‘{. the
terior tubular nostrils and fin counts largely agree wEthu° fie an-
Callogobius Bleeker. However, in the presence of a pair of ;C;lreﬂ genus
nes in

the lower jaw and the rather well developed basal membrane of the.

ventral fin, it differs from this genus. -~ Fu —

of this Goby, especially the deep yellowrtgz:;’dzhi:h:ﬁacfr15t1° colour

patch on the head (which are retained even in 'preservede o.dy and the

the smaller size of the eye and the higher number of ;Declmens.), and

cecond dorsal and the anal, show that this differs fr n rays in the

hasseltii (Bleeker) described from India (Koumans, 19 41())’2115‘%000“%
) e other

two species, Callogobius sclateri Steindachnn .
lepis Weber described from e'sewhere (MCCullgél}? afltgll?apbms centro-
Max weber 1913). BRI X “gilby 1919 and
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FIRST ALL- INDIA CONGRESS OF Z0OLOGY (1959)

begd

2

The First All-India Congress of Zoology, sponsored and organised by g

the Zoological Society of India and originally scheduled to be held in 1958 §

2 of India.

The President of India sent a gracious message.

Exhibition.

importance of the protection of wild life

Abstracts of Contributions to Symposia,

ch, Dr Mono Mohan Das was also present.
2 ggiec?a.iion Minister in the Government of Madhya Pradesh, opened the

rtain r , to be postponed, and was actually held fl-om'Octobez'
00 f0{90"3 ta;r; .113)101;?11' Oat thpe ir}:vitution of the .Ja.balpu,. Umv_ersmy, and
2§212e% theaP'residentship of Dr M. L. Roonwal, Director, Zoological Survey
u

7

b=
The inauguration and the scientific tueetings were held in the splendid §

- Mahavidyalaya.
& buildings of the Mahakoshal . '
. i ' t of Madhya Pradssh gave their valuable patronage,
India and the Governme ’ . The Minister for Scientific
3 d Cultural Affairs, Professor Humayun K‘ab‘ir, mauguratgd .the
: gggégil:;g %!:1 th: 12]4th October, and the Deputy Minister for Scientific

Both the Government of g

Dr. S. D. Sharma, the

§
&
o
o
2
o
In his Inaugural Address, Professor Kabir laid stress on the populari- 5

Recorder
Dr. H. 8. Chaudhuri

Dr. A, Ghosh * -
Dr. D. R. Sharma

Dr. Ravi Prakash
Dr. T N. Anantha.

Prof, D, C. Mahants

Mr. G, Ramakrishna
Prof, 8. D, Gupta

eleven Sections, each with its Chairman and Recorder as follows :—
List of Sectional Chairmen & Recorders
Section Chairman

1 General Zoology, Dr. H. 8. Rao
Zoogeography and
Evolution

9. Histology, Cytology, Dr. A, P. Mathew
Embryology and

- 3 gﬁ;ﬁgigy Dr. N. K. Panikkar

4. Vertebrate Dr. M. A, Moghe
Morphology

5. Systgmati% Zoology, Dr. G. 8. Thapar - T
excluding ¥ishes vishnan

g gnsects an(;

Helminths

6. Wild Life, Ecology, Mr. N. N. Sen
and Population
Studies Prof. R. V. Seshaiya
o izco;lggf)gy Dr. M. Puttarudraiah

Eeonor Dr. G. S, Thapar Dr. 8. L. Jain

7
X hology
Imintholog
g' EH:tomology (inclu- MflioY Ramachandra
o ding Arachnids) aB Sandara Raj

! 11. Fish and Fisheries Dr. B.

Dr. K. 8. Kushwaha
Dr. H, Swarup

i f zoology. Dr. M. L. Roonwal, in his Presidential Addvress,
¥ :?xig)ﬁlasi(;ed thei)(;ed for work on field ecology and taxonomy aud the

Nearly 120 papers were received, abstracts of which were printed

: in ad e in two booklets called Abstracts of Papers and
and issued In advine The papers were classified into
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Three symposia were held as follows

cach with itg ¢ !
. 8 own
Recorder as follows :— ’

hairman ang

List of Chairmen and R
ec .
orders of Symposia
Symposim Chairman Record
vecard ey
(A) Re - ovientation of DProf. R.V Seshaiva
teaching of. zoology v

De.H, 8 Chaudhuri

in India

=

Marine Zoology and  Dr. B. Sundarg Ray
fisheries in the
Indian Oceun

Dr. H, Swarup

(C) Recent cevolutionary  Dr. M A, Moghe

Dr B ¥ "
studies in India - K. Behura

A little over 100 members and delegates attended t

several Universities, Government Departments
delegations.

he Congress, ana
and  Institutiong had gent

The First Plenary Session of the Congress  wag held on the 9
October, The Final Plenary Session, was held on the 27th Qg lle -
passed a number of resolutions dealing with g variety of guli ' ¢ oher, and

: arie | subjects,

also decided to hold the Congress every {hree years, the next Qg s
held in 1962. ' ~Ongress to he

Snoeeedin o .

The Proceedings of the Congress, which will
reports, the full papers together with illastrations, and the
made to the symposia, are under active prepatation and are
issued in the next few months. T expeeted to he

include the official

full contributiong

During the Congress, a Zoological Exhibition 1
. P as als , i :
which several institutions a v genised dn
The Exhinis
Kxhibition
4 exhibition of new

matters; apq (i) an

nd private enterprises took part
consisted of three principal items, namely ; (i) '
3
discoveries ; (ii) a general exhibition o zoological
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Notice to Contributors

SCOPE—The Journal of the Zoological Society of India will publish articles embodying
original research as well as critical reviews of modern researches by specialists, in "the
field of Zoology (including the natural history of animals) in the widest sense, A section
will be devoted to Short Notes which will contain original observations as well as Reviews &
Recent Advances and News & Announcements; books and other materials sent for review will
become the property of the Zoological Society of India. Two numbers, later to be raised to
four, will be published every yecar, in June and December. *

MANUSCRIPTS FOR PUBLICATION—Manuscripts must be type-written on one side
only of the sheet and must be double-spaced with ample margins. The pages should be
numbered. Manuscripts should not be offered to any other journal for prior or simultane-
ous publication, Preference will be given to papers by the Members; papers from non-
members must be communicated by a Member.

Authors must drastically condense their manuscripts so that they do not ordinarily exceed
ten pages in print. Long historical introductions and lengthy discussion will not be accepted.
All Tables should be numbered. Only such Tables and illustrations as are essential can
be published. Papers must conform to the usage of the ] Zool, Soc. India in all typographi-
cal matters. They must be accompanied by a Table of Contents and must end witE a Sum-
mary not exceeding 3 per cent of the main body. The summary should not be of a general
character, but should resume one by cne, all the principles, facts and conclusions given in
the paper. One proof is sent t¢ authors and as few alterations as possible should be made
in it. ~Contributors will be required to pay for any excess over the usual charges allowed
for corrections. Care should be taken to replace words and/or phrases removed, by others
of equal length thus avoiding disturbance of type. ) :

Quantitative biological data too extensive for complete publication should be submitted
separately in a suitable bound book-form not larger than foolscape size (6xg inches) indicat-
ing on the front page the full title of the paper to which it refers, the name (s) of author
(9), and the volume, number, year and pages of the J. Zool Soc. India in which it is being
published. By arrangement with the Director, this data will be deposited in the library of
the Zoological Survey of India, Indian Muscum, Calcutta. In the manuscript only a statisti-
cally treated summary of such data should be given, \

The title should include the Phylum, Order and Family of the animals dealt with. Generic
and specific names of animals, which should be underlined, must be given at least once
according to the laws of binomial nomenclature adopted at the ioth International Congress
of Zoology (1927) and must include the author’s name,

Measures and weights should be given in the decimal system. The metric system should

be used; measures in other systems may, if desired, be given in brackets, Temperatures

should be given in degrees Centigrade, with, if desired, the Fahrenheit reading in brackets,

REFERENCES— References must be listed at the end of the articles as follows: Name and
initial (s) of author (s), year of publication, further distinguished by the addition of small
letters, 8, b, c, to the date where more than one paper published by the same author (s) in
the same year are cited; exact and full title of paper; abbreviated titie of journals as given in
the world List of Scientific Periodicals grd edition, 1952; place of publication; volume number
in Arabic figures, preceded, within brackets, by series number, it any, and followed within
brackets by part or number of the issue: The first and the last pages; and the number of
unpaged plates, charts, etc., thus:

ROONWAL. M. L. 1947. Variation and structure of the eyes in the Desert Locust
Schistacerca gregaria (Forskal) Proc roy. Soc. (B). London. 134. pp. 245-272. 8 pls, *
In the case of a book:

IMMS. A. D, 1987. Recent Advances in Entomology X+431 pp.—London J. A.
Churchill Ltd).

In the References all names should be given in full, but in the text, references should be
denoted thus: DATTA, 1947 b. But where more than three collaborating authors are
quoted, the first name only should be given followed by et al., thus(IYENGAR, M. O. T,

et all... 1952). . .

ILLUSTRATIONS—Text-figures will be reproduced by line engraving and hence should
not include any wash shading. Wash drawings and plates will not as a rule be accepted.
All figures should be drawn on separate sheets of smooth white Bristol hoard in Indian ink
about twice the size of the finished block, and should be complete with lettering. " The
author's name, the full title of paper, the figure or plate number, the desired reduction and
the place. of insertion in MS should be clearly written on the back of each Text-figure or
plate. The approximate position for the insertion of_ text-figures should also be indicated
in the MS. e maximum size allowed for printed illustrations is 5ix8 inches.

'REPRINTS—Authors will receive 35 reprints free, and when returning the ggfﬁ. may
e.

" ask for additional copies which will be charged for and supplied if paper is avai

GENERAL—Manuscripts should be sent to the Editor. Corrected proofts should be

. yeturned to the Manager of Publications,
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