
XVIII NOTES ON A SMALL COLLECTION 
OF PENTASTOMIDS FROM 'fHE INDIAN 

MUS E U 1\1) CAL CUT T A. 

By MARY L. HETT, B.Sc., Professor of Biology, Lady Hardinge 
Medical College, Delhi. 

The majority of the Pentastomids in this collection from the 
Indian Museum have already been described by other observers. 
Several, however, were unnamed specimens which could be referred 
to four different species; namely: Porocephalus patto'ni, Stephens, 
Porocephalus monilifor"~is, Diesing, Porocephalus kachugensis, 
Shipley, and RaillietieUa bi/urcata var. orientalis, Hett. A few 
points of interest in each of these are worth noting. 

Porocephalus moniliformis, Diesing. 

(a) One specimen from the stomach of a python. This is of 
interest owing to the fact that adult Porocephalus are found a's a 
rule in the air-passages or body-cavity of their host. Their occur­
rence in the stornach and intestine has been recorded in a few 
instances, but this situation is unusual. 

(b) A larval specimen encysted on the stomach of Tragul'us 
javanicus. It may be noted that T ia'vanlcus is a new host for 
this species. 

Porocephalus pattonit Stephens. 
Adult. 
(a) Two 9 , one d' from the lung of Zamenis sp. 
(b) Two 2 from the coelom of Z. mucosus. 
Larval forms. 
(c) Encysted specimens from the mesentery of the rat-snake. 
(d) )' ,: on the stomach wall of Bungarus 

iasciatus. 
In (c) the specimens were too young to be identified \vith 

absolute certainty, but I have little doubt that they belong to 
P. pattoni. It may be noted with reference to (d) that Bungarus 
fasc-iatus is a new host for P. pattoni. 

The occurrence of the encysted forms of this species in snakes 
(the final host) is also interesting in that it lends support to the 
view that in at least some species of Porocephalus the life-history 
is normally carried out in one host. 

Rail1ietiel1a bifurcata var. orientalis, Hett. 

A number of specimens from the lungs, h:.testine and coeloln 
of the common cobra (N aia tripudians); also from the coelolll of 
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the rat-snake, together \vith an encysted specimen from the body­
cavity of the cobra. Here again the presence of encysted speci­
mens in the snake points to a single host. 

Porocephalus kachugensis, Shipley. 

Fronl the liver .of Batagur baska. 
I have made a careful examination of these specimens, and, 

by the courtesy of the authorities of the Indian Museum, Calcutta, 
I have also had an opportunity of exalnining the type specimens 
from Kachuga lineata. I aln therefore able to add the following 
particulars to the original description. 

I. The mouth is rounded and slightly narrowed anteriorly. 
2. Stomata are numerous and scattered irregularly over the 

whole surface of the body. 
3. One specitnen (presunlably a male) had an anterior genital 

aperture. 
4. The an nulations , according to Shipley, were confined to 

the ventral surface, but I find that, though partially obliterated, 
they are in many places visible the whole way round the body. 
They are more conspicuous on the ventral surface owing to the 
presence in that region of the fine chitinous rods mentioned by 
Shipley, but the .\vhole body is clearly annulated as in the majority 
of Pentastomids. 

I am inclined to think that this is the larval form of Poro­
cephalus me{!.acephalus, Baird, with which it agrees in shape and 
number of rings. In his species the annulations were faintly 
marked on the dorsal surface, and the ventral surface was flattened 
and wrinkled. Length 20-25 mm., breadth of head 8-10 mm., 
body diminishing rapidly in size towards the tail. In B. kachu­
gens£s the length of body is from 9-I2 mm. and breadth of cephalo­
thorax about 4 mIn. These proporti'ons resemble those of p~ 
megacephalus, the difference in size being easily explained by 
difference in age. In P. kachugensis the hooks are markedly 
double, while those of P. megacephalus are single, but larval fornls 
frequently have double hooks which are shed at Inetamorphosis 
and replaced by single ones in the adult. 

The host of P. 1l1egacephalus is the Soonderbund crocodile, 
Crocodilus palustris, ,"7hile P. kachugensis has been found in the 
mud-turtles Kachuga lineata and Batagur baska, all from the same 
zoo-geogra phical region. 

Baird described the male P. megacephalus as larger than the 
fenlale: and as possessing a posterior genital aperture. I have 
examined Baird's specimens in the British Museum, and have 
little doubt that his statements were based on a misconception of 
the true relations of the organs. P. kachugensis certainly has an 
anterior genital aperture in the male. 
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The collection dealt with in this paper was made by the Zoo­
logical Survey Party which visited Manipur in February and 
March, I920, and also to a large extent by myself. My best 
thanks are due to Sardar Dogar Singh, the State Overseer at the 
time of our visit, who after the departure of Dr. Annandale and 
other members of the party gave me luaterial assistance in the 
collection of specimens and in arrangements for touring. He 
accompanied me to most of the places in the valley and helped 
me in various other ways. I am also indebted to Mr. A. C. 
Eleazar for giving me photographic prints from his valuable 
collection of negatives. Some of these are reproduced here as 
illustrations. To the P9litical Agent, Mr. C. W R. Cosgrave, I am 
indebted for the services of a man who gave me great assistance 
in collecting. 

My sincere thanks are due to Drs. Annandale and Kemp, to 
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the former for the great help and valuable suggestions that he 
gave to me throughout the preparation of this paper, and to 
the latter for going through the manuscript with me. Dr. Annan­
dale's Monograph 1 on the Fish and Fisheries of the Inle Lake has 
served me as a model in writing up the results of my investiga­
tions. The illustrations were executed under my supervision by 
the artists of the Zoological Survey with their usual skill and I 
must express my indebtedness to them for this work. 

INTRODUCTION. 

Only a few species of fish have hitherto been recorded from 
the Manipur Valley and the hills in its immediate vicinity. Day, 
in his volumes in the Fauna 01 British India records only three 
frotn the Naga Hills, Erethistes hara, E. elongata and Danio aequi­
pinnatus. Specimens of other species have, however, been collected 
in small numbers from tirrle to time in the streams of these moun­
tains. Over half a century ago a sm all collection was made by 
Col. H. II. Godwin-Austen, but so far as my knowledge goes no 
account of it has been published. More rece11tly, in IgIo, the 
Rev. Mr. Pettigrew sent to the Indian Museum a small collection 
of fish from the hill streams of Northern Manipur. The species in 
this collection, as Dr. Annandale informs me, were all obtained in 
the hill country, probably from the neighbourhood of Ukhrul 
which is situated at an altitude of 6,000 ft. Two new species 
found by Mr. Pettigrew, Nemachilus '11'lanipurensis and Dania 
ltaganensis, were described by Dr. B. L. Chuudhuri,9. while notes on 
some of the other species are incorporated here. 

The list of the species given below is based on the informa­
tion obtained froln all these sources and from our own collection, 
which is of course much the largest. Under the name Naga Hills I 
include all the country inhabited by Naga tribes and not merely the 
district to which the name is offieially applied. 

I/IST OF FISHES OBTAINED FROM MANIPUR AND 
THE N AGA HILLS. 

LOKTAK LAKE. 

Clarias batrachus (Linn.). 
Callichr01~s bilnaculatus, Bloch. 
Macrones bleekeri, Day. 
Labeo calbasu (Ham. Buch.). 
Labeo pangusia (Ham. Buch.). 
Barbus sarana caudimarainatus ':) , 

Blyth. 
Rohte~ belangeri (C. and V.). 

Lepidocephalichthys irrorata, sp. 
11. 

A1nbassis ranga (Ham. Buch.). 
Ophioce:phalus harcourt-butleri, 

Annand. 
Barbus conchon.i~ts (Ham. 

Buch.). 
Barbus ticto (Ham. Buch.). 

~---~--------~ ---------------------
L AnnaIHlal:, Nee. Ind. J'rfus., XIV, pp. 33-64, pIs. i-viii (19H~). 

. '1 ChaudhufJ, Ree. indo Mus., VII, p. 443, pI. xl, figs. 4. 4a, 4b and pI. xli, 
figs. J, I a. I b ; p. 4.P, P 1. X I, figs. I. I a, I b (19 I 2 ) • 
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SLUGGISH STREAMS IN 

Clarias batrachus (Linn.). 
Wallago attu (Schn.). 
Callichr01-es birl1aculatus, Bloch. 
M arcrones bleeker-i, Day. 
I'd acrones (M acrono£des) affinis 

(Blyth). 
Glyptothorax dorsalis, Vinci-

guerra. 
Glyptothorax ntinutus, sp. n. 
Gagata cenia (Ham. Buch.). 
Carra nasutus (McClelland). 
Labeo calbasu (HaIn. Buch.). 
Labeo angra (Ham. Buch.). 
Labeo pangu~ia (Ham. Buch.). 
Crossochiltts latia (Ham. Buch ). 
Barb-us ticto (Ham. Buch.) 
Harbus conchonius (Ham. Buch.). 
Barbus sarana. cau.dilnarginatus, 

Blyth. 

THE MANIPUR VALLEY. 

Rohtee bel:lngeri (C. and V.). 
[?ohtee allrediana (C and V.). 
Barilius bar~la (Ham. Buch.). 
Da nio (Rrachydanio) ac~tticePha-

la, sp. n. 
Botia berdJnorei (Blyth). 
130tia histrionica, Blyth. 

-Lepidocephalichthys berdJllorei 
(Blyth). 

Le,bidacephalichthys irrorata, Spa 
n. 

Acanthophthalnlus pangia (Ham. 
Bueh.). 

N emachilus zonalternans (Blyth). 
Ambassis ranga (Ham.· Buch.). 
M astacembelus 1nl,1lipurensis, Spa 

n. 
Ophiocephalus /t,'lycourt-butleri, 

Annand. 

STREAMS WITH ROCKY BED IN THE SOUrHERN WAT~RSHgD 
OF THE NAGA HILLS. 

Garra rupiculus (McClelland). Danio (Brachydanio) acutlcepha-
Garra abhoyai, sp. n. la, sp. n. 
Crussochilus latia (Hatu. Bueh.). Lepidocephalichthys berdlnorei 
Barb~ts hexastichus, McClelland. (Blyth). 
Barbu,s conchoni1ts (Ham. Acanthophthalmus pangia (Rain. 

·Buch ). Buch.). 
Barbus oatesii, Boulenger. Netnachilus manipurensis, Chau-
Barilius barila (Ham. Buch.). dhuri. 
Bariliu,s dogarsinghi, sp. n. N em.achilus zonalteYllans (Blyth). 
Dariio ceq1,f,ipinnatus (McCLel- N emachilus siklnaiellsis, sp. n. 

land). N etnachilus kangfupkhulen~is, 
Dania naganens'is, Chaudhuri. sp. n. 

N emachilus prashadi, sp. n. 

STREAMS WITH ROCKY BEDS IN THE NORTHERN WATERSHED 

OF THE NAGA HILLS. 

Ereth~stes hara (Ham. Buch.). Barilius barila (Ham. BuelL). 
Erethistes elongata, Day. Danio dangila (Hanl. Bueh.). 
Psilorhynchus, sp., Hora. Danio aequipinnatus (McClel-
Carra naganensis, sp. n. land). 
Barbus clavatus, McClelland. Lepidocephalichth ys guniea 
Barbus tor (Ham. Buch.). (Ham. Buch.). 

t In a paper to be published shortly I give reasons for adopting- this name in 
preference to Glyptosternum. 



168 Records 01 the Indian M 'Useum. [VOL. XXII, 

B arbus hexastichus ( McClelland. 
Rasbora rasbora (Ham. Buch.). 
Barilius bendelisl:s var. chedra 

(Ham. Buch.). 

N emachiius boiia (Ham. Buch.). 
Badis badis (Ham-. Buch.). 
Rhynchobdella dhanashorii, sp. n. 
OphiocePhalus punctatus, Bloch. 

I will now discuss separately the fishes of the four areas enu­
merated above. 

The fish-fauna of the Loktak I~ake is, unlike that of the lule 
Lake, 1 not at all specialized. Of the dozen species obtained from it 
none are endemic, and all these have also been found in the 
streams of the valley. The only new species from the lake is a 
smallloach of the genus Lepidocephalichthys which was equally abun­
dant all over the valley. The major part of our collection was 
made in the sluggish streams of the flat country. Here four new 
species were discovered, one of the genus Lepidocephalichthys also 
found in the Loktak Lake, and others belonging to the genera 
M astacembel1-ts, Danio and Glyptothorax. Except the M astacembelus, 
\vhich may grow to a foot or more in length, the new forms are· 
all very small and apt to be overlooked while collecting. Of the 
renlaining species Barbus phutunio is said to have been introduced 
in the Residency ponds from outside the valley. We obtained a 
large series of specimens but only from these ponds. The eel 
(iVlonopterus albus) was found buried in mud at the edge of the 
lake and in rice-fields and was not obtained from any of the 
stream~. 

Most of the new species I collected are from the hill streams 
of the southern watershed which flo\v into the Manipur Valley 
frotn the adjacent Naga Hills. Their restricted distribution is not 
surprising since they are only found in localised areas in these 
streams. The new forms chiefly belong to two genera, N emachilus 
and B arilius. 

Of the species listed under the heading , , Northern watershed, 
N aga Hills.." Ophiocephalus punctatus, Rasbora rasbo1'a, Badis badis 
and Rhynchobdella dhanashorii were netted by me at Dimapur in the 
plains just north of the N aga Hills. The discovery of a species of 
Rhynchobdella so far inland is interesting. A. parallel instance. may 
be given of a marine genus M oringua, which has been recorded 
from the Abor country by Dr. B. L. Chaudhuri. i ~1ost of the spe­
cies obtained in the N aga Hills ,,'ere collected in the Mithapani and 
Setiapati Streams near Kairong on the main northern watershed of 
the range. The rest were captured in small streams at various 
points on the road bet\,\'een the Mallipur Valley and Dimapnr. 

As a result of our investigations 56 species are now known to 
inhabit the Manipur Valley and the Naga Hills. Of these 27 be­
long to the family Cyprinidae, 12 to the Cobitidae and 10 to the 
Siluridae. The renlaining seven species are distributed among 
the families Symbranchidae, Mastacembelidae, Ophiocephalidae, 

J Rec. Ind. Mtts., XIV Pp:33-64 (1918 ). 
2 Chaudhuri, Rec. Ind. Alus., VI II, p. 255 (19 13). 
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Nandidae and Percidae. The large number of species and in­
dividuals of the first three families, and especially of the family 
Cyprinidae is a noteworthy feature of the fish-fauna of these 
regions. Moreover, the members of these families that live in hill 
streams show certain adaptive character-s which are dealt with in 
detail under a separate heading. 

THE, PHYSICi-\.L AND O~rHER CONDITIONS AS 
THEY AFFECT THE FISH. 

In the general introduction to the fauna of the Manipur Valley, 
Dr. N. Annandale has given an account of the Loktak Lake. I 
need here only mention a few of the features that seem to have a 
special bearing on the fish-fauna. 

Dr. Annandale has referred to the luxuriance of vegetation 
in the lake and has pointed .out that it is blocked up to the sur­
face by a thick growth .of Potamogeton, Hydrilla and Trapa. From 
the fact that no specimen of fish, more than a few inches in length, 
was found in the lake) it is. evident that this thick vegetation, 
while providing food and shelter for the fish, is inimical to the 
existence of big species, probably because it would retard their 
progress and make them an easy prey to water-birds, otters, etc. 
Cover plays a great part in the life of fish and the readiness with 
which they seek it in the lake is fully illustrated by the devices 
employed by the Manipuris in capturing them. 

Except the snake-headed fish (Oph/ocePhalus Izarcourt-butleri) 
and three species of Siluridae, all the fish gen era!1y feed on aq ua tic 
weeds, on small worms or insect larvae in the mud. Surface .. 
feeding fish (N ga-wa) though abundant in the strealns of the valley 
are totally absent from the lake. 

The dest~uction of fish brought about by nlan's agency is enor­
mous and in fishing Manipuris do not spare th~ small forms, which 
only inhabit the lake. After man the most acti ve agents of destruc­
tion are certain species of birds. ffhe stomachs of a few corlno­
rants shot near Potsengbaum were found to be full of specimens of 
Lepidocephalichthys berdlnorei and M onopterus albus. Large num­
bers of these birds were often observed sitting on floating islands 
and feeding on the fishes in the Jake. The ducks and geese for 
which this lake is faulous arnong sportsmen do not appear to do 
much harm, jUdging from the contents of their stomachs, unless it 
be.by destroying spavvn. 

On dissection several species of fish were found to be infected 
with round wornls, but the degree of parasitisation was not very 
high. 

The fish of the sluggish streams in the Manipur Valley COln­
prise all those that live in the lake and include some of those the 
proper habitat of which is the mountain torrents. It is not sur­
prisi11g to find species of Glyptothorax, Gal'ra, N emachilus and other 
highly specialized genera in muddy strealns when it is realised 
that within a short distance a lllOUl1tain torrent may become a 
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sluggish stream in almost level country. During my tour I was 
able to make collections fronl the same stream at different places 
where the bed was sometimes rocky and sometimes mucidy. For 
example I made a collection in the Thaubal stream near Yari­
buk where it is muddy and sluggish and in the same stream about 
I mile fronl Phadai, where it flows rapidly over a rocky bed. 
Similarly in Sikmai Streanl I made collections at t\VO different 
places, one near Vabgai in the ,valley and the other near Palel 
some six miles from Kakching village, where the stream may be 
called, a torrent. A comparison between the species obtained from 
the latter stream in the two places is instructive. 

Muddy and sluggish, near 
Vabgai. 

Acanthophthalmus pangia. 
Crossochilus latia.· 
M acrones bleekeri. 
Lepidocephalichthys berdnlorei. 
Lep";docephalichthys irrorata. 

Flowing rapidly over a rocky 
bed, near Palel. 

Acanthophthalmus pangia. 
Crossochilus latia. 
Garr a rupicu l~·tS . 
Barilius bar~·la. 
N emachilus zonalternans. 
N el1zachilus sik111aiensis. 
N emachilus prashadi. 

It will be observed that examples of Garra and N emach'l'lus, 
the only genera that exhibit adaptations to life in hill-streams, are 
found at Palel where the water flows rapidly over a rocky bottom, 
while those of Lepidocephalichthys and M acrones that prefer a 
muddy bottom ar~ only found near Vabgai where the stream. is 
sluggish and muddy. The remaining two species, belonging to 
Acanthophth~lmus and Crossochilus, are capable of existence under 
both conditions. 

The greatest specialization is found, however, among those 
fish that actually live in rapid waters. In the species of the genus 
Barilius, the paired fins are greatly expanded and some of their 
·oute~ rays have become very strong. In older specin,ens definite 
muscle-pads are developed 011 either side of the chest in front of 
the bases of the pectoral fins. In loaches the mouth is specialized 
to form a sucker, and by the help 9f its thick Bps the fish are 
enabled to stick to stones and withstand rapid currents. In N 
sikmaiensis the nl0uth is not specialized, but this is compensated 
for by the higher specialization 'of the paired fins which are greatly 
expanded and are provided \vith muscles on their ventral aspect. 
The disc of Garra and the chest-muscles of Glyptothorax are ex­
amples of extreme modifications due to adaptation to a particular 
en VirOnlllen t, 

GEOGRAPHICAL RELATIONS. 

~he fish dealt with in this paper belong to two watersheds. 
The hne separating these is a ridge some three mites from Kairong, 
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between it and Kanglatombi among the Naga Hills. The Imphal 
River, the chief river of the valley, rises near Kanglatombi and 
flowing southward~ through the valley ultimately joins the Chind­
win, a tributary of the lrra wadi. The streams of the northern 
watershed on the other hand form part of the Brahmaputra 
System. 

Seventeen species of fish belonging to six families and 12 

genera are represented from the northern watershed. All the 
families are widely distributed in the waters of the Oriental and 
Ethiopian Regions. 

Of the 12 genera, II are distributed in the fresh waters of the 
adjacent country, while the genus Rhynchobdella) which has hither­
to only been found in the deltas of all the large rivers of India 
and Burma, is now for the first time recorded from far inland. 

Of the 17 species, 4 are only known from the Naga Hills. 
Of the rest, 9 are distributed all over India and Burma and 
the remaining 4 do not extend to Burma but occnr along the 
base of the Himalayas. Barbus clavatus, which is redescribed in 
this paper, has so far been known from a single specimen ob­
tained from a river at the base of the Sikkim mountains. 

On the whole the fauna of the northern watershed, so far as 
the fish are concerned, is chiefly Assamese and only differs from 
that of the Brahmaputra Valley in so far as it contains hill-stream 
species. 

Forty-two species of fish collected froln the. southern water­
shed belong to six families an d 21 genera. A.ll the families are 
widely distributed in the Oriental and Ethiopean Regions. Of the 
21 genera, 20 are \videly distributed in India and Burma, while 
the genus M o1topterus is confined to south-eastern Asia and has 
"not so far been recorded from the Assam Valley. Of the 42 species, 
18 are widely distributed in India and Burma, II are known only 
from Manipur; the remainder with the exception of 3 are 
exclusively Burmese. Of these 7 were recorded and described 
from the Sitang River by Blyth,l two have been described from 
the S. Shan States (one by Boulenger 2 and the other by Annan­
dale 8), and the remaining species by Vinciguerra' from Meetan. 
The only Assamese species are Carra rupiculus, which was des­
cribed from the Mishmi Hills north-east of the Brahnlaputra Valley, 
and Garra nasutus of the Khasi and the Mishmi Hills. Annandale, 6 

while dealing with the Batrachians of the Abor country, addu2ed 
evidence to show that the fauna of the Khasi, Mishmi and other 
adjacent hill tracts is similar and differs from that found on the 
other side of the Brahmaputra River. My results confirm the 
above statement. 

J Blyth, Journ. As. Soc. Bengal, XXIX, pp. 138-174 (1860) 
2 Boulenger, Ann. Mag. Nat. Hist., (6) XII, p. 201 (1893)· 
3 Annandale, Rec. Ind. M~ts., XIV p. 54-, text-fig. 2, pI. 2, fig. 7 i pl. iv, 

figs. 16,17 (1918). [( 1889). 
4- Vinciguerra, Anll. Alus. Store Nat. Genova, XXIX, p. 2..J6, pl. "ii, fig. -l 
6 Annandale, Rec. 11ld. Mus., VIII, p . .16 (19J2). 
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Barbus pkutunio, a widely distributed Indian species, is said 
to have been introduced into ponds in the Residency gardens at 
I1Dphal, in which alone it was found, as an ornamental fish. 

Thus we see that the two important elements of the fish­
fauna of the S, watershed are the endemic Manipur element and 
the Burmese elelnent. The endemic element is chiefly confined to 
the hiU-strealns and strictly speaking is an isolated one. Soule of· 
the species (for example Botia histrionica, Botia berdmorei, M aCfO­
nes affinis, N e I1tachilus zonalternans, Lepidocephalichthys berdmorei) , 
which have so far been known only from a small number of 
specimens obtained in Burma, are among the commonest species 
of ·the Manipur Valley and are represented by large series in OUl 

collection. 

I~OCAL N Al\IES OF FISH AND THEIR ECONOMIC 
VALUE, ETC. 

Nga is the ordinary. word both in Burma and Manipur for 
fish; but it. is never omitted by Manipuris, except in a few cases, 
when referring to a particular SPecies. Even the large water-bug 
(Belosto11'ta indicuJn) , which Manipuris eat, is called N ga-Ki-Hum. 
Those fish that do not occur in the valley, but are found in th€ 
northern watershed. are called cOll1prehensively Ching-N ga or 
"mountain-fish!) For most of these species I could obtain no 
l\ianipuri name. 

Most of the local names were checked in the field by calling 
them out to a party of fishermen and getting the corresponding 
fish. The meanings of the names were for the most part given 
to me by Tumba Singh, whose services were lent to us by the 
Political Agent. They were also confirmed by other persons, 
who knew the Manipuri language very well. 

There was some difficulty in writing the local names in 
roman characters, because it was rather difficult to follow their· 
sou·nd, which is partly nasal. However, I was able to get a com­
plete list of the Manipuri fishes in Hindi characters, which I can 
read myself, and the spellings of the various names may thus be 
regarded as fairly reliable. 

The Manipuris are a very intelligent and observant people and 
in giving names to the various species have had some reg.ard 
either for its habit, colouration or resemblance to other animals 
(e.g. sarinkhoibi=otter·mouthed). Thus all the species of Barilius 
are called N ga-wa, « air-fish," and all N entachilus with vertical 
hands Nga-tup, "segtnented-fish," and any striped fish Nga-rang, 
" r,triped-fish." 

During my visit to Manipur I obtained a considerable amount 
of ·information regarding the local nalnes of fish, their value as 
food and the method by which they are captured and cooked. In 
the table below I have given the names of all species from the 
area with which this paper deals, though in a few cases I have not 
heen able to discover the local names or their meanings. 
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Serial 
No. 

Scientific name. 

1 Faluily SYl\fBRANCHIDAE. 

Local nalue. Meaning of the local 
name. 

Economic value of the 
species and other 

particulars. 

1 l\/onopterllS a/bus (Zuiew). Nga-puram. I No explanation was 
given by the l\{alli· 
puris. Kaboi N agas call 
it kha-roi, snake-fish_ 

l\:fanipuris do not eat 
this fish, because, as 
they informed me, this 
name comes after th~e 
of all other. eatable fish 
in their holy book, the 
Puranas. Nagas catch it 
by p two pronged speal' 
al.ld smoke it without 
salting. 

Falnily SILURIDAE. 

2 Clarias batrachus (Linn.). N ga-kara 
I 

3 WaUago attu (Schn.). Sareng 

4 I CalUcltrous bimaculattts 
( Bloch). 

Nga tin. 

5 

6 

7 

8 

M acYones bl eekeri, Day. N ga-chep 

M acrones (1\1 acronoides) \ ~ ga-rang 
affinis (Blyth). 

I 

I 

Glyptothora,-r dorsalis" 
(Vinciguerra) l N ga-pang. 

Glyptothorax minutus, \ 
sp. nov 

9 I Gagata cenia (Ham. N ga-rang 

\ 

Bu.ch.). 

10 ,Erethistes hara (Ham. ) 
! Buch.}. ~ 

1 I : Erethistes elongata, Day. ) 

12 
13 

Family CYPRINIDAE. 

Psilorkynchus ~p., Hora. 
Gaf'ra nasutus, lVlcClel­

land. 
N ga-tnu-san­

gum. 

! 
I 
: "Burnt black fish " 
I -
I The name refers to its 

black colour. 

I H Big fish" 
I 

I 
~ tin "to spit" or "a bow." 
! The don'al profile in 
! this fish is like a bow; 
, also, accorcling to the 

Manipuris, the fish 
spits whet} taken out 
of water. 

chef> implies the habit 
of the fish when taken 
out of water. It 
shuts and opens its 
mouth constantly. 

(, Striped fish. " The 
I name is derived from 

I 
a1'angbah. This adjec­
tive is used for other 

I
' things also. 
pang from pangwa "inno-

11 cent." This implies the 
habit of the fish which 
doec; not dart away 
when disturbed but re­
mains quietly in the 
same place and is easi-

'I ly caught. 
I [See No.6 above] 

mu "black"; sangum 
"an umbrella" or "a 
mushroom" in refer-: 
ence to the mental disc. 
According to others 
sangum is an insect 

Fairly good eating~ This 
is captured in large 
11 Uln bers in swamps by 
cutting the grass and 
scooping out the water. 

Good eating The big­
gest fish sold ill the 
market. 

Fairly good eating. 
During the rainy sea­
son t its roe is ground 
an d fried and is used 
in making a kind of ~at 
cake. 

Fairly good eating. It is 
said to have few bones. 

Good eating. 

It is said to be full of 
fat and oil. 

The Manipuris do not 
distinguish this species 
from lVI. affinis. 

These species are not re­
presented in our collec­
tion. They are known 
to occur in the N aga 
Hills. 

Fairly good eating, said 
to be rich in oil. 

----- --_._---
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Serial 
No. 

14 

15 
16 

17 

18 

19 

20 

21 

22 

23 

26 

27 

28 

29 

30 

31 

32 

33 

34 

Scientific name. Local name. 

1 
I 

Garra naganensis, sp. \ 
nov. I 

Garra abhoyai, Spa nov. 
Garra yuPiculus. McClel Nttg·nga 

land. 
Labeo calbasu (Ham. Paing-ba or 

Buch ). Pemba. 

Meaning of the local 
name. 

which lives in grass 
and by its hi te pro­
duces a swelling. 

c' Stone fish" 

A fish with a red streak 
below the cheek and 
with red iris. Pemba 
denotes red. 

Economic value of the 
species and other 

particulars. 

Nagas eat it. 

Good eating but. bony. 

Labeo angra (Halll 
Buch.). 

Kha-bag. 

do. 

( kha-mouth; bag 
, notes the fleshy 
) pendages whi~h 

de- Good eating. They are­
ap- chiefly used for extrac .. 

sur- .~ion of oil in which other 
fish and vegetables are 

La_beo pangusia (HatTI. 
Buch.). { round the mouth. 

Crossochilus laUa (Haln'

l 
N ga-rohi or 

Buch.). nga·rohi ma-
I pi. 

Barbus sarana caudimar- I N ga-noi 
ginatus, Blyth. 

Barbus oatesii~ Boulen-! 
ger. 

Barbus clavatus, McClel­
land. 

Barbus tor (Ham. ,Buch.) 
Barbus hexastichus, Mc­

Clelland. 

Samehet 

Hurtt 

Barbus 
Buch. }. 

ticto (Ham. N ga-kha 

Barbus conchonius (Ham 
Buch.). 

Barbus phutunio (Ham. 
Buch.) 

Rasbora rasbora (Ham. 
Buch.). 

Rohtee bela.ngert· (C. and 
V.). 

Rohtee alfrediana (C. and 
V.). 

Barilius bendelis~'s var. 

do. 

do. 

Tharak 

N ga-shiksha 

roni (, round," in refer­
ence to the cylindric'll 
form of the fish. The 
young are cal'ed nga­
rohi and the adults nga­
rohimapi the mother 
of nga-rohi. 

noi " fat;" the young of 
this fish are called nga­
hau at Wangjing vil­
lage. 

" Comb fish," in refer­
ence to the denticula­
tions along the dorsal 
spine. 

" Restless fish," makes 
kur~hur agitation or 
trembling in the water. 

khaiba "bitter." The 
Manipuris compared 
the taste of these fishes 
to that of a tobacco leaf. 

If Flat and thin ,. 

" Com pressed fish" 

fried. 
The young are bitter in 

taste while the adults 
are slightly bitter but 
not bony, 

Full of bones; though 
its flesh is said to have 
good flavour. 

The fish was obtained at 
Kairong and only the 
.N aga name ifl given 
here. 

1 

Few people eat it fresh. 
It is generally dried 

~ 
in big trays and then 
ground intu powder; 
which is used as a 
condiment like pep­
per with vegetables. 

[See No. 17 above]. 

Fairly good eating. 

I chedra (Ham. Buch.). 

r 
wa '( air; " in reference 
to the surface feeding 
habits of the fish. At 
Kairong some :l\Iani-

The intestine, which is 
also eaten. is said to be 
hi tter. The fish is, 
however, good eating. 

Barilius 
Buch.). 

Barilius 
I sp. nov. 
I 

barila (Ham. 

dogaysinghi, 

Nga-wa. 

do. 

l 
puris called it nga-ra 
on account of the blue 
bands on the sides of 
the body. 
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Serial 
No. Scien tific name. 

! 
Local nalDe. I Meaning of the local 

! name. 

Economic value of the 
spec ies and other 

particulars. 

35 I Dan io dangila (Ham 
I Buch.). 

36 I Danio aequipz"nnatu8 
(McClellan~). 

37 Danio (Brachydanio) 
aculicephala, sp. nov. 

38 Danz'o naga11ensis, Chan· 
dhuri. 

Family COBI'rIDAE. 

I 

39 I Botia berdmorei (Blyth). Sa'Y1:Jl, Khoibf, "Otter-mouthed fish." Very good eating. 
40 I Botia histrionica, Blyth Nga-rang. "Striped fish" in re- do. 

43 

I ference to its black 
and white colour. 

Lepidocephaliclethys gun­
tio (Ham. B ucb. ). 

LepidocephalichthJls berd- Nga kshrou or kshrou "loose mud." I It is generally smoked, 
mnrei (Blyth) Nga-ki-/arau Tbe fish lives in loose but people occasionally 

I 

I Lepidocephalichthys irro- N ga-nap 
rata, sp. nov. 

mud hence the na-ne. ~at it fresh. 
The second name sig'1i-
fies its slimy skin like I 

tha t of a leech jarau. I 
nap denotes the action Manipllris do not like it 

of pressing a thing I fresh and generally 

I 
between the fingers smoke it. 
hence ~(a compressed I 

fish." I I sang" thin and long". I [See Nos. 25-28 above.J 44 I AcanthophthalmltS pan· Nga-sang 
gia (Ham. Buch.). 

4S 

47 

49 

50 

51 

52 

53 

54 

lvemachilus botia (Hanl. 
Buch.). 

N emachilus zonalternans N ga-rem 
(Blyth). 

N emachitus manipuren- N ga-sarva 
sis, Chaudhuri. 

N emachilus kangiupkhul-\ Laingoi-
ensis, sp. nov. I phumba 

Sarin 
~ emachilus sikmaiensis, ) ~ N ga-tup 

sp.nov. I' Nemachilus prashadi, sp. do. 
nov. 

Fanlily PERCIDAE. 

A m ba..!is is ranga (Ham. Nga-mahi 
Buch.). 

Family NANDIDAE. 

Badis badis (Ham. Pona 
Buch. ). 

Family MASTACEMB.EI,I-
DAE. 

R hynchobdella dhana-
shorii, sp. nov. 

M astacembelus manipu- Nga-rin 
rens1,'s, sp. nov. 

I I 
I I 

phumba" sand," the fish 
or lives in sand and hence 

i 
I 

the name. I 
I tu,p " segmented," in re [See No. 42 above.] 
I fe' ence to the vertical 
I band; on the sides. 

" Silvery fish" in refer- Bony, not bitter. 
ence to the colour of 
the abdomen. 

" Deep-black" 

, , Snake-fish" Fairly good eating. It 
is generally smoked. 
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I Economic value of the 
Serial Scien tific names. Local name. Meaning of the local species and other 

No 

I 
name. 

__ .. __________________ '---___________ p_a_r_ti_cul_ar_s_. __ 
, 

Family OPHIOCEPHALI- j 
DAE. 

55 OphiocePhalus harcourt- N ga-mu. 
butleri, Annandale. 

56 OphiocePhalus punctatus, 
Bloch. \ 

I I 

I , 

\ 

i " Black fish" 
I 
I 

Fairly good eating, very 
COlnmon in swamps, 
especially near 'the I,ok. 
tak Lake. 

Besides those fish given in the table above, there are others 
that visit the valley only during the rains. For convenience of 
reference I give their vernacular names) but as they are not 
represented in our collection I am unable to give their scientific 
equivalents. 

Nga-mu-poram.-Imported for sale in a dried condition from 
Silcbar. 

Sna-nga=gold fish. 
N ga-cha-hu or N ga-chau.-This fish is dreaded by local 

fishermen, because even a mild injury inflicted by its spine causes 
the swelling. of all lymphatic glands, while a deep wound results 
in fever which may last for two to three days. It is said to be 
good eating 

N ga-khro-bi.-This literally means" a fish with its mouth on 
the under surface." It is said to have a large upper lip. 

Muglang.-This fish, like nga-noi, has a red operculum, 
caudal fin, belly, and streak of the same colonr along the dorsal 
surface. Manipuri cartmen gave me this name for Rasbora 
rasbora _at Dimapur, but I had no opportunity of verifying their 
statements from any other sources. 

N ga-thi=ugly fish. 
N ga-pa-hi. -The fish is said to hop like a sparrow. 
N ga-hi=boat fish, in reference to its form like the lVlanipuri 

dugout. 
N ga-len.-From lenghba=one that does not move. A re­

markable account of the method of capture was given to 
me. The lVlohamnledan fishermen who alone capture and eat 
this fish dive and search for it under water. On discovering a 
fish) they come out and take a rope with them and dive again to 
the same place. They tie the rope round the tail of the fish being 
always careful not to touch its belly as this immediately disturbs 
it. The rope is now taken on shore and two or three people drag 
the fish out. It is said to be the most powerful fish in the 
valley. 

For the following names I have no explanation :-N ga-san ; 
N ga-r1~l; N ga-chik; N ga-na-hi; ; N ga-nat; N ga-tin-charo; N ga-rel. 
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The Manipuris do not take any other animal diet hut fish, 
and practically all species found in the valley, except the N ga­
p'ltram and the Nga-len, to which they have a religious objection, 
are eaten. All are said to be more or less "bitter," when com­
pared with the dried fish imported in large quantities from Sylhet, 
Cachar and from various other pl aces. Below I have arranged 
the fish according to their food value as determined by Manipuris. 

Good eating.-Khabag; Sarin-khoi-bi; Sdreng, N ga-chep ; 
N ga-rang; N ga-pang; N ga-chau, N ga-wa. 

Fairly good.-Nga-rin; Nga-mu; Nga-kara; Nga-tin; Nga. 
m-tt-sangutn. 

Fairly good but bony.-Nga-tol; Nga-rohi-mapi. 
Very bitter.-Huru; N ga-~ha ; N ga-sang ; N ga-yoh£. 
Smoked before eating.·-Nga-kshrou, Nga-nap; Nga-rin; 

N ga-t'ttp. 

The fish sold fresh in the markets are :-Nga-11lU ; N ga-kara ; 
N ga-tin; N ga-chep, Sareng. 

Of these the first two are very common and are sold in a 
living condition in the nlarket. The rest of the species except 
Sa.reng are also brought to the market dried. The major part of 
the fresh fish sold in Imphal comes from Waithu-pat and the 
dried fish are mostly from the 'rhanga Island. 

SYSTEMATIC DESCRIPTION OF THE COLLECTION 
FROM THE MANIPUR VALLEY AND THE 

NAGA HILLS. 

Order SYMBRANCHOIDEA. 

Family SYMBRANCHIDAE. 

Monopterus albus (Zuiew). 

1916. MOJlopterus albus, Weber and Beaufort, Fishes Indo-Austr. 
Arch., I II, p. 413, figs. 2 la, 2 11. 

1918. Monvpterus albus, Annandale. Rec. Ind. Mus., X I V p. 42. 

M onopterus albus is found all over southern ... ~sia east of the 
Bay of Bengal; its range extends to northern China and Japan. 

The fish is only found buried in mud at the edge of the Lok­
tak Lake. Some S1= ecimens "vere also found in the rice·fields ifl 
partially dried ponds. It is eaten by Nagas but not by Manipuris, 
who have certain religious scruples regarding the species. The 
Nagas, like the Inthas in the lnle Lake, capture the fish \vith a 
two-pronged spear. 

Cormorants, judging fronl the contents of their stomachs J 

seem· to feed largely on this species. 
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Order OST ARIOPHYSI 

Family SILURIDAE. 

Clarias batrachus (Linn.). 

[VOL. XXII, 

19 13. Cla"ias batrachus, Weber anQ Beaufort, Fishes Indo-Austr. 
Arch., II, p. 190 , fig. 74 (p. 187). 

1918. Clarias batrachus, Annandale, Ope cit., p. 43· 

This species is common everywhere in the valley, especially in 
and about the Loktak Lake. In the market it is usually sold in a 
living condition. Though the fish is very common in the swampy 
portion of the lake, it is also fairly abundant among the weeds 
further inwards. It does not grow to a very large size in the 
valley. 

Adults are black in colour, hut not quite so dark as young 
individuals. There are minute white spots forming distinct rows 
all over the body. The pectoral spine i'i roughened externally and 
finely serrated along its posterior border. 

All the specimens in our collection are from the Loktak 
Lake. 

Wallago attu (Schn.). 

1889. Wallago attu, Day, Faun. B1'it. I'ld. Fish., I, p 126 fig. 54. 
188g. Wallago attu, Vinciguerra, Ann. Mus. Stor. Nat. Genova, (2) 

IX, p. 199. 

This was the biggest fish brought to the Manipur market at 
the time of our visit. Waithu-patt a lake on either side of the 
Burma Road some 10 miles from Imphal, is partict1lary noted for 
this species. 

It is fOlllld throughout India, Burma and Ceylon. 

Callichrous bimaculatus (Bloch). 

188g. Call£chro7Js bimaculatus, Day, op. cit., p. 13 1, fig. 57. 
188g. Callichrous bimaculatus, Vinciguerra, Ope cit., p. 201. 

1919. Ompok bimaculatus, Jordon and Starks, Ann. Carnegie J1vs., 
XI, p. 434. 

Young specimens of this species are very difficult to distin­
guish from those of C. macrophthalmus (Blyth). In the identifica­
tion of the Manipur specimens I have followed Vinciguerra, 
though an examination of the collection in the Indian Museum has 
shown that much reliance cannot be placed on the character of 
the vomerine teeth. 

The specimens in the collection were obtained from Imphal 
and Khurda strealns and from the Loktak Lake. There is a 
great variation in colour even in specimens from the sanle locality. 
Some are silvery-white all over th~ body with a black blotch on 
either side above the pectorals; while in others the body is dense­
ly covered with minute black spots on a dull-white background, 
and the mark abuve the pectorals is not distinct. 

In the valley C. bimacHlatus does not reach a larger size than 
9 to 10 inches. 
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Macrones bleekeri t Day. 

IS8g. MacI'ones bleekeri, Day, op. cil., p. 162. 

IRR<J. ltfacrolles bleekel'i, Vinciguerra, op. cit., p. 21 9. 

The adipose fin of this species has a very great resemblance 
to that of M cavasius and M leucophasis. The difference between 
the three species may be expressed in a table as follows :-

JI. CllVaStUS (H. B.). 

l\i;1xilIary barbels reach 
the caudal fin. 

A black spot at the base 
of the first dorsal 
sptnc. 

J/. leltcophasis (Blyth). 

~1axil1ary barbels reach 
the anal fin. 

The hE;ad and fore part 
of the body bright sil­
very- white; no black 
spot at the base of the 
first dorsal spine. 

Depth of hod\' 5~ times Depth of body 4-~ times 
in the total length. in the total length. 

1\:0 interneural bone. An interneural bone pre· 
sent. 

ill. bleeker;, Day. 

l\1axillary barbels rea~h the 
anal fin. 

I jght longitudinal, bands 
along the body; sometimes 
with a black shoulder 'spot. 
In the Burmese examples a 
black spot is also present at 
the base of the caudal fin. 

Depth of body 5~ times In 
the total length. 

No interneura.l bone. 

The fish is very common all bver the valley and is captured 
in large nu TIber.:; in traps, both in the streams and th~ lakes. 

The specimens froin the Loktak Lake are darker in colour. 

Subgenus Macronoides t nov. 

This new subgenus is proposed for spe.cies which differ from 
typical M aCrO}leS in the possession of a distinct ventral mouth 
bordered by fringed lip:;; in qaving short barbels not exceeding 
the length of the head: in the mandibular pairs of barbels being 
disposed in a transverse row across the mandible and in the pos­
session of a number of open pores on the ventral surface of the 
head just behind the mouth. In general facies the fish of this 
subgenus show a remarkable resemblance to those of the genus 
Gagata, from which, however, they are easily distinguished by the 
crescentio band of teeth and a free air-bladder in the abdominal 
cavity. 

I assign the following species to the new subgenqs :-M acr'o­
nes atJinis (Blyth),2 M dayi Vinciguerra 3 and M marianiensis 
Chaudhuri.' I have examined the types of the first and the 
third; while Vinciguerra's description and figures of M dayi leave 
no doubt as to its affinity with the other two. 

1 Jordan, Proc. Acad. N'ai. Sci. Phil. LXX, P.34-1, considers l}/aCl'olles a 
synonym of A.Jria; but in view of the familiarity of the nHrme Macrones, I have 
r~tained it in this paper. 

2 Blyth, JOUYIl. As. Soc. Bengal, XXIX, p. 150 (1860). 
s 'Vinciguerra, op. cit., p. 230, pI. vii, fig. 3 (1889). 
41 Chaudhuri, Rec. Ind. JIlls., V II I, p. 253, pI. xi, figs. I, I a, b (19 13). 
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The subgenus AI acronoides is distributed in Burma, the Abor 
Hills and the l\Ianipur Valley. 

Macrones (lVIacronoides) aff~nis (Blyth,). 

1860. Batasio a/finis, Blyth, op. cit., p. ISO. 

1889 ... l111crones blythii, D~YI op. cit., p. 151. 

The fishermen of Manipur do not nlake any distinction 
between this fish and Gagata cenia, buth of which are called 
nga-rang. The body is dotted with black spots which are aggre­
gated in certain'regions to form 3 or 4 indistinct vertica.l bands. Both 
the adipose and the spiny dorsal are edged with black. The 
alimentary canal is simple and has only two coils in its entire 
length. 

Reference may be made to the importance which has been 
attached to the number of serrations on the pectoral spine. I 
have, however, found on exalnining a large number of specimens 
that the number of serrations is variable not only in different 
individuals, but even in the spines of the two sides of the same 
specimen. 

There are four specimens from Amambi stream near Karam 
Lakai, about 8 miles from Imphal on the Burma Road. 

M a(finis is known from Burma and the Manipur Valley. 

Glyptothorax dorsalis, Vinciguerra. 

1889. Glyptothorax dorsalis, Vinciguerra, Ope cit., p. 2-t-6, pI. vii, fig. +. 
There are ten specimens of this species. five from the Imphal 

stream and the rest from Amambi stream, some eight lniles from 
Imphal on the Burma road. 

The Inaxillary barbels reach the posterior margin of the base 
of the pectoral fin; the upper surface of the head and body is 
tuberculated, the tubercles being arranged in longitudinal rows. 
The dorsal spine is roughened externally and is smooth along its 
inner border, that of the pectoral fin is flattened and has I I 

denticulations internally. 
Most of the female specimens are. full of eggs. 
The species is known from Burma and the Manipur Valley. 

Glyptothorax minutus, sp. nov. 

D. 1/6. A. 3/9. 

The length of the caudal fin is contained 5-S! times, the 
depth of the body 51-6 times and the length of the head si--S! 
times in the total length including the caudal fin. The head is I! 
times as long as broad, The eyes are minute, situated in 
the beginning of the posterior half of the head, tl1ey are dorso­
lateral in position and are not seen from the ventral surface. 
Barbels.-The maxillary pair reach the base of the pectoral, the 
nasals reach the eye, the inner mandibular reach 'the anterior 
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Inargin of the adhesive apparatus and the outer the gill membrane. 
Fins.I-The adipose fin is well developed; both the dorsal and the 
pectoral fins have loose folds of skin at their bases, the spine of 
the former is smooth while that of the latter is smooth externally 
and has -six d~~nticulations internally. The lower lobe of the 
caudal fin is slightly the longer. 

The adhesive apparatus is U-shaped and is fairly well de­
veloped. 

Colour.-The dorsal surface is dark, while the belly and the 
ttndersurface of the head are white) there are conspicuous black 

TEXT-FIG. I.-Glyptothorax minutus, sp. nov. 
(a) Lateral view of adult fish, X 2~. 
(b) Upper view of head of same, X 3. 
(c) Lower view of head of same, X 3. 

bands at the bases of all the median fins; the caudal is grey and the_ 
paired fins are colourless. 1\ V -shaped whitish area is also present 
at the base of the dorsal fin. 

Four specimens were obtained from the Imphal stream near 
Karong. Manipuris do not make any distinction between this 
species and the preceding one. 

--------------------
1 III giving the formula of the fin rays, I have attached great -importance to 

the number of branched rays both in the dorsal and the anal fins. In the descrip­
tions of the new species I have omitted the number of fin-rays in the caudal fin, 
because it is very difficult to count the smaller rays on either side after the longest 
ray. I have included, however, the length of the caudal fin in the total length. 
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Originally I regarded these specimens as the young of G. 
dorsalis, but on dissection I found the females full of eggs. Besides 
the smaller size, the species is distinguished from G. dorsalis by' 
differences in the proportions of the body, the colouration and py 
the number of denticulations on the pectoral spine. 

The largest specimen is 36 nlm. in length. 
Unfortunately the specimens are lost; but the figures clearly 

show all the features. 

Gagata cenia (Ham. Buch.) .. 

I889. (;agata cenia, Day. Ope cit., p. 208, fig. 75· 
!88g. Gagata cenia, Vinciguerra, Ope cit., p. 249· 

This species is always confused by Manipuris with M aC1'ones 
(Macronoides) affinis. 

All the specimens from Manipur are young; they were only 
found in the Imphal and the Amanlbi streams. 

The species is widely distributed in the" waters of the Ganges 
an d the lrra wadi. 

Family CYPRINIDAE. 

Psilorhynchus sp., Hora. 

Plate IX, figs. 6, Ga. 

Ig20. Psilol'hynchus sp., Hora, Rec. Jnd. Mus" XIX, p. 21 I. 

A few young specimens were collected in a small hill-stream 
at Piphima, Naga Hills. 

Garra (Ham. Buch.). 

'fhree species of this genus were discovered. in the Manipur 
Valley and the N aga Hills by the survey party and myself. Of 
these two are represented by a large series in our collection while 
the remaining one; which is new, is known from a single specimen. 
In Mr. Pettigrew's collection there are three specimens of this 
genus. They represent another undescribed form. 

The discussion on these species is given in another paper in 
,vhich I am publishing a revision of the genus Carra. The names 
that I propose to give to the neyv species are included in the list 
for the sake of completeness. 

Labeo calbasu (Ham. Buch.). 

It-)Sg. Labeo Calbasu. Day, Ope cit., p. 259, fig. 93. 
I t-)89. Labeo calbasu, Vinciguerra, Ope cit., p. 265. 

Only one specimen, 28-5 cm. in length. was obtained; i.t was 
captured in Khurda stream near its origin from the Loktak Lake. 

The fins are much elongated. The ventrals are longer than 
the pectorals and reach beyond the base of the anal, which in 
turn. extends beyond the base of the caudal fin. The dorsal fin 
h ~~ a fairly long base. 
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The colour is black all over except the under surface of the 
head and chest, which is dirty white. 

Labeo pangusia (Ham. Buch.). 

1S89. Labeo pangusia, Day, op. cd., p. 266. 
1913. Labeo allgra, Chaudhuri, Rec. 'indo Mus., VIII. p. 2+9. 

The specimens of L. pangusia from Manipur have a black 
blotch at the base of the caudal fin and are apt to be confused 
with those of L. angra. They can be distinguished from the latter 
species by the possession of definite barbels instead of the maxil­
lary flaps inside the grooves, one on either side of the mouth, and 
in having a triangular black spot just above the fifth scale of the 
lateral line. The structure of the mouth and lips of the two spe­
cies is also different. 

Labeo pangu,st:a is comnlon in the streatns of the valley and 
three specimens were collected from the L')ktak Lake. The lake 
specitllens are darker in colour. 

Labeo angra (Ham. Buch.). 

1 Rt;9' J.abeo angra, Day, Ope cit., p. 267. 
I 88g. 'Labeo ang1'a, Vinciguerra, Ope cit., p. 273. 

rrhe specimens of this species agree with Burmese examples 
in our collection. They possess a fleshy flap inside the groove 
instead of the maxillary barbels on each side of the mouth. There 
is a deep black blotch at the sides of the tail. In certain young 
individuals there is also an indication of a second blotch above the 
middle of the pectoral fin. 

The specimens in the collection were found in the tlluddy 
streams of the Manipur Valley_ 

Crossochilus latia (Ham. Buch.). 

1889. Cirrhi11.a latia, I Day, Ope cit., p. 279. 
1889. Crossochilus latius, Vinciguerra, op. cit., p. 280. 

19' H. Cirrhina latia, Annandale, op. cit., p. -t-b. 

This fish is found -in abundance in the muddy streams of the 
valley, and does not exceed 7 inches in length. 

The young specimens are slender in form and look somewhat 
different from the adults. Manipuris call the young nga-rohi and 
the adults nga-rohz'-mapi, "the rnather of nga-rohi." 

This is one of the commonest species found in the strealns of 
the -Manipur Valley. 

Barbus sarana caudimarginatus t Blyth. 

I ~b(). BaJ'bils cautiima,Jginatus, Blyth, op. cit., p. 157. 
1918. Barbus sarana ca:tdimarginatus, Annandale. Ope cit., p. +6. 

The species is fairly common in the Imphal River and its 
tributaries and is also found in the Loktak Lake. The lake speci .. 
mens are, however, darker in colour. 
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Barhus oatesii, Boulenger. 

1893. Barbus oatesii, Houlenger, Ann. Mag. Nat. Hist. (6) XlI, p. 201. 

Annandale 1 regarded this species as being synonymous with 
Barbu,s sarana caudimarginatus, Blyth, after comparing his speci .. 
mens from the Inle Lake with a cotype of Bou]enger's oatesii and 
as a result of his examination of a series of specimens of B. sarana 
from India and Burma in the collection of the Indian Museum. In 
identifying my specimens I have referred to the same sources, and 
anl convinced after a careful examination of the large series, that 
B. oatesii is a distinct species and that Annandale's own specimens 
undoubtedly belong to the true B. sarana caudinzarginatus. 

The most important difference between the two species is in 
the structure of the dorsal .spine 111 B. oatesii it is strong and 
very 'strongly serrated, with 12 to 19 serrations on each nlargin of 
its posterior border. The serrations along the two margins of the 
spine are very close together and become longer and stronger 
fronl below upwards. In B ~ sarana ca'Udi'lnarginatus the spine is 
strong but finely serrated only in its upper balf or two-thirds, the 
serrations are subequal. Along the posterior aspect, the spine is 
deeply grooved and the serrae are situated on its margins; their 
number is indefinite. The colour of the two species is also differ­
ent. In both the forms, ho~vever, the opercular cleft has a blaclF 
edge, which probably led to the confusion of the two species. In 
B. oates~'i ~ as Boulenger observed, each scale is edged with black. 
This condition is not so well-marked in the cotype examined ~by 
Annandale, because the colour has become very faint on account 
of the specimen having been in spirit for over a quarter of a cen­
tury_ There can be no doubt r.egarding the colouration of the 
young specimens collected by me in Thaubal strearn about a mile 
from Phaidai. Under a lens the black edge is seen to consist of 
minute black dots which are more closely aggregated along the 
anterior border of the scale. 

The caudal fin is also different in the two species. In B. 
oatesii it is long and deeply notched, the lower lobe being broader 
and longer. In B. sarana caudimarginatus the caudal fin is rela­
tively shorter in length, and is not so deeply notched. The two 
lobes are equal in length. 

The proportions are also different in the two species. 
In young specimens the length of the caudal fin, the depth of 

the body and the length of the head are almost equal and are 
contained 4i-4! times in the total length. The caudal fin is very 
brittle and is broken in most specimens. The following are the 
measurements of two complete young individuals :-

Total length including caudal 
Length of caudal 
Depth of body 
Length of head 

A. B. 
53 mm,o 
II " 
II 

I? " 
" 

57 mm. 
13 " 
12'3 " 

12'7 " 

I Annandale. Rec. Illd. Mils .. XI\' p. 46 (1918). 
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B. oatesii is now known from the S. Shan States and the 
l\fanipur Valley. 

Barbus clavatus, IHcClelland. 

Plate IX, fig. I. 

1 ~+5. Bal'bus clavatus, l\1cClelland, Calcutta JOlt r JI. Nat. Hist., V, p. 
280, pI. xxi, fig. 2. 

1868. Barbus ciavatus, Gunther, Cat. Fish. Brit. Mus., VI I, p. 97. 
1878. Barbus clavatus, Day, Fish. India, I I. p. 560. 
1889. Barbus clavatus, Day, Ope cit., p. 300. 

There has been some confusion between Barbus. chagunio 
(Ham. Buch.), B. spilopholus, McClell. and B. ciavatus, McCle11. 
.:\ t first lVlcClelland 1 considered B. chagunio to be " a variety of 
the spotted barbel, B. spiloPholus," but later in describing B. 
clavatus he remarked that" the collection no\v before us, affords, 
however, a very distinct species, which I believe to be the Cyprinus 
chagun£o, Buch." Giinther regarded J\:IcClelland's two species as 
distinct, but placed Cyprinus chagl-tn1:0 with a query under the 
synonymy of B. clavatus. Day recognised B. chagunio as a 
distinct species and regarded B < spilo pholus as its variety; he 
moreover considered B. clavCttus as a distinct: species. Chaudhuri '2. 

recognised B,.. sPilo Pholus as a valid species) but had no material 
to decide about B. clavatus as it was then only known fronl McClel­
land's description which is unfortunately imperfect and meagre 
and some casual remarks in it are nlisleading, his figure of the 
species is also poor. 

I take this opportunity to 'supply a short description and a 
figure of the species from a few weU--preserved examples collected 
in Senapati stream near Kairong. Nage. Hills, Assaln. 

D. 4/8. 1\._ 3/5. P. 14- I 5. V 8-9. 
The length of the caudal fin equals the depth of the body 

which is contained 4-4i times in the total length. The head 
is short and conical, its length being contained 5-51 times in 
the total length; it is comparatively longer in young specimens 
than in the adult. The snout is shorter than the diameter of 
the eye, which is contained about 3 ti mes in the length of the 
head. The caudal peduncle is 1!--2 times as long as broad. 
Fins.-The origin of the dorsal is almost in the middle of the 
distance between the end of the snout and the base of the caudal 
fin, in some individuals it is nearer·to the former. Its last spine 
is denticulated posteriorly and is almost as high as the depth of 
the body below it. The free margin of the fin is deeply concave. 
1'he caudal fin is very long and deeply forked, its rays are very 
brittle. Scales.-There are 40-42 scales along the lateral line, 
7-8 rows of scales above it and 3t-4! below it to the base of 
the ventral fin. In an oblique line there are in all I I rows be­
tween the bases of the dorsal and the ventral fins. There are I"';' 

1 :~VlcClelland, Asiat. Resear., XiX, pp. 271 and 341 (1839). 
:.2 Challdhuri, Rec. Ind. Allts .. VIII, p. 250, pI. viii., figs. I, la, b ~I913)· 
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scales in front of the dorsal. Barbels.-Both pairs of barbels are 
well developed Maxillary barbels are longer than the rostrals 
and are as long as the diameter of the eye. 

The vent is much nearer the base of the caudal fin than the 
end of the snout. 

The mouth is semicircular; its opening extends to the anterior 
border of the orbit. There are two rows of open pores on the 
under surface of the head. The snout is usually tuberculated, 
but in young individuals these tubercles are not developed. 

The fish is blackish blue in the region above the lateral line, 
below it the sides and the vehtral surface are dull white. The 
membranous portions of the skin between the rays of the dorsal 
fin are black in colour. The caudal along its superior and inferior 
margins'is edged with black. The young specimens are brighter 
in colour and possess an obscure blotch. at the base of the caudal 
fin. In some specimens the scales along the lateral line and of 
a few rows above and below it are covered by minute black spots, 
forming longitudinal bands along the side. 

Barbus clavatus is found in rivers at the foot of the Sikkim 
mountains on the nor' bern frontier of Bengal and in the Naga 
Hills at Kairong. 

Barbus hexastichus, McClelland 

1889. Barbus hexastich liS, Deiy, op. cit., p. 308. 
1889. Barbus hexastichus. Yinciguerra, op. cit., p. 29 1 • 

Three grown up specimens "'ere obtained at Kairong. They 
possess an indistinct bl ack spot Con either side of the tail. This 
character is best marked in the young fry collected at various 
places in small streams in the Naga Hilts and also in Itok stream 
near Chanderkbong in the Manipur Valley. 

Barbus tor (s.l.) (Ham. Buch.). 

Only one specimen of this species "vas obtained from Senapati 
str~am near Kairong, Naga Hills. The lips in the exanlple are 
~ell developed and are provided with thick adipost: growth. 

Barbus tor is a cotlJposite species and I hope to deal \vith it~ 
races and species in a separate paper when sufficient material from 
variotls localities is a vaila ble. 

Barbus conchonius (HaITI. Buch.). 

, IH8g. Barblls conchollills, Day, op. cit .. p. 325. 

Numerous specimens of this species were collected In lakes 
and strealllS all over the valley. 

Barbus phutunio (Ham. Buch.). 
IHHt). Bal'bus pllldunio. Day, op. cit., p. 327. 

Numerous specimens of Barbus phutunio were collected fronl 
the Residency pondc;, ImphaI. The follovving description of the 
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colour of the living specimens was noted down by Dr. Annandale in 
the field-book :-" The dorsal surface brownish, deeply tinged with 
metallic green and dotted with black, sides metallic crimson, each 
scale edged with black; ventral surface silvery, pelvic, anal and 
caudal fins crimson; dorsal and pectoral bright olivaceous green 
with the rays more or less infuscated and V\'ith black $pots on the 
dorsal. Iris critnson) lower part of the cheek and operculum sil­
\yery \vhite densely speckled with black." 

S. Dogar Singh informed me that these fish were introduced 
into the Residency ponds from outside the ManifJur 'Talley on 
account of their beautiful colouration. 

Barhus ticto (Ham. Bueh). 

J 03y. Rarblls fieio. Day, op. clf., p. 325. 

'rhis is the commonest fish in the valley and is daily captured 
in large quantities with baskets. 

Rasbora rasbora (Ham. Buch.). 

1 KcSg. R.,.lIsbOJ'(l bllchan1l1li, Day. up. cit., p. 337, fig. 107. 

Only two specimens ""ere captured from the Dhanashori 
stream, near Dimapnr, .A.ssam. In both specimens the scales have 
been ruhbed off leaving the black edged memhranes behind. The 
caudal fin is tipped with black as in, the Burmese examples. 

Rohtee, Sykes. 

Some ichthyologists have adopted the generic name Osteobra­
rna, Heckel, in preference to Rohtee, Sykes~ propably owing to a 
confusion as to the dates of publication of the vvork~ of Heckel 
and Sykes. G1inther in his" Catalogue of the f~ishe8 in the British 
11/ useuln," VII, p. '~22, gives 1842 as t~e date of publication of 
the two works and selects Osteobral1za, with Sykes' genus Rohtee 
as a synonym. Vinciguerra (op. cit., p. 3I3) in adopting the same 
course \vrites as follows :-" Ho adotta to il nome generico di Os­
teobrama; a preferenza di quello di Rohtee, perche, mentre essi sonn 
di data sincrolla, poiche il lavoro di Heckel in cui it primo e pro­
posto (Russegger's Reisen I, p. I033) fu pubblicato nel 1842 data che 
porta anche quello di Sykes, in cui e stabilito i1 secondo (Trans. 
Zool. Soc. Land. II, p. 364), que,11o ha snll'altro il vantaggio eli 
non essere barbaro conle esso." I do not agree with the authorj.­
ties quoted above and find tEat Sykes' work was published on 
27th February, 184I I while Heckel established Osteobral1ta in 
r843. .A.ccording to the rules of priority, therefore, Rohtec must 
have preference over OsteobraJJla. Vinciguerra's second argument 
for adopting Osteobra1na is purely sentimental and therefore needs 
no consideration . 

. L\nother point deserving some consideration is, as to \vhether 
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Hamilton Buchanan'sl eighth subgenus "Cabdio" of his Cy­
prinus should be revived in place of Rohtee or not, as it includes 
Cyprinus (Cabdio)- cotio which is now regarded as a Rohtee. On a 
careful analysis of the subj ect, however, I find that C abdio can 
not replace Rohtee because the forms assigned to Cabdio by Ha­
milton Buchanan include species which ·.have subsequently been 
assigned to several genera and Sykes (1841) was the first to· 
separate some species, in practice if not in theory, for in describ 
ing Rohtee ogilbii he observes as follows :_c, The Rohtee has the 
appearance of Clupanodon chanpole of Dr. Hamilton, also of Cy­
prinus devario in the outline of the body; and were it proper to 
consider it a Cyprinus, which its armed back-fin renders impossible, 
it \vould be placed in Dr. Hamilton's eighth subgenus C Cabdio.' " 
Sykes in making the above remark ignored the fact that Hamilton 
Buchanan's Cyprinus cotio had a spine of this nature. Further, 
of the four species included under Rohtee by Sykes, two viz. Rohtee 
pangut and Rohtee ticto are now invariably referred to the genus 
Barbus, while of the other two belonging to Rohtee (s s ') neither 
was known. to Hamilton Buchanan. From the statements of the 
t\VO authors it is clear, therefore, thit Cyprin'Us cotio is congeneric 
with Rohtee, Sykes, which may stand for these and other similar 
species. I am highly indebted to Dr. N. Annandale and Dr. B. I~. 
Chaudhuri for valuable suggestions'on this point. 

Rohtee alfrediana (C. and V.) 

I ~89. Osteobrama aljrediana, ''"inciguerra, op. cit., p. 316. 

The specimens of this species were collected in Khurda and 
Thaubal stream; the longest is rog mm. in length. In young 
individuals the body is less deep and an indistinct black band is 
usually present behind the gill cover. 

Rohtee belangeri (C. and V.). 

I~89. Osteobrama belangeri, Vinciguerra, op. cit., p. 318. 

This species is distinguished from the rest included in the 
genus Rohtee by the fact that the whole of the abdominal edge 
is sharp, whereas in others it is sharp behind the ventrals bnt flat 
and rounded in front of them. Moreover, the pharyngeal teeth in 
this species are armed with tubercles on their crowns, this ch ar­
acter is shared by R. ogilbii. 

It will not be out of place to make SOllle observations on the 
nature of the pharyngeal teeth here. In a former paper by An­
nandale and myself ~ a reference was made to the occurrence of 
loose teeth in the tuuscles surrounding the pharyngeal bones. 
Having had the opportunity to dissect a large number of fish for 
the~e teeth, I find the loose teeth fairly common. In R. belan-

j Hamilton Buchanan, "An account of the Fishes in the Ganges," pp. 333 
and 392 (1822). 

2 Annandale and Hora. Rec. Ind. Mus., XVIII, p. 165 (1920)' 
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~eri their crown is crenulated like that of the fixed teeth and in 
a11 probability they represent the older teeth that have been cast 
off and their place being taken up by new ones. Dr. Annandale 
thinks it more probable that the free teeth are young and have 
not yet fused with the bone. 

Two specimens of this species were obtained from the Manipur 
"alley, one in Loktak Lake and the other in the Khurda stream. 
The] ake exatnple is darker in colour. 

This species occurs in Burma and Manipur. Its occurrence in 
the Godaveri River' needs confirmation. 

TEXT-FIG. 2.--Ventral view of two species of Rolitee, Sykes. 

(a) Rohtee belangeri, showing keeled abdomen throughout. 
(b) Rohtee .feae. showing keeled abdomen only between vent and base 

of ventrals. 

Barilius bendeli.sis var. chedra (Ham. Buch.). 

IR8g. Barilius bendelisis var. 'chedra, Day, Ope cit., p. 34-7. 

1'his species is represente!i in our collection by seven speci­
mens captured in the Senapati stream near Kairong, Naga Hills. 
The water of this stream was very clear and my attention was 
drawn to a fairly big specimen of this species, which showed be.au­
tiful colour and special mucous bands on certain parts of the body. 
The fish was very sluggish in habit and. we followed it from 
place to place till it was secured in an ordinary hand net Out 
of water the mucous bands were not so distinct and in spirit have 



Records of the 111dian Ai useU1n. [VOL. XXII, 

left those particular portions of the fish lighter in colour The colour 
of the fresh specimens is thus des€ribed in -the field-book :_c, The 
caudal fin and the apex of the dorsal dusky; other fins pinkish. 
The general surJace silvery, with a black triangylar spot at the 
base of each scale; the cheeks yellow, the operculum golden or 
deep orange with bla'ck borders." 

The paired fns are broad and well-expanded and most of the 
outer rays in them have become stiff. The chest is flattened and· 
tlie scales in this region are poorly developed. There are charac­
teristic muscular pads in front of the bases of the pectorals. 'l'he 
open pores on the snout are ab~ent. 

11a1,ilius bendel1~sis var. chedra is found along the base of the 
Himalayas. 

Barifiu$ barila (Ham. Buch.). 

1889. Barilills barila Day, vp·. cit., p. 3..J.~. 

The character of the barbels on which Day has based his sy­
nopsis of the species of this genus is faulty; 'not only because the 
barbels are very-small, but also because they are liable to be oYer­
looked owing to their being hidden underneath folds of skin. 1 n 
the·Manipur examples both pairs of barbels are present, the ros­
tral/pair being slightly longer than the maxillary. There are 22 
rows of scales in front of the dorsal fin The chief character on 
which I have based the identification of this species is the inequal­
ity of the two lobes of the caudal fin ; the lower lobe being slightly 
the longer. l'his character is more marked in young indivi­
duals. 

Barilius barila exhibits considerable variations with age and 
locality. In young individuals the pectorals do not reach the 
ventrals, nor the latter, the anal, and the origin of the dorsal is 
equidistant from the luiddle of the eye and the base of the caudal 
fin. With the growth of the fish, especially in hill-streams t the 
paired fins become much expanded .and the area in front of the 
pectorals is spec.ialized as in B. bendelisis var. chedra. In a specitnen 
about I3 cm. long, the pectorals extend beyond the ventrals and 
the ventrals reach the anal, and the dorsal is equidistant from the 
h1nder edge of the eye and tbe base of the caudal fin. 

The vertical blue bands on the body are better marked in 
young specimens than in the adults. I have the following note 'in 
the field-book about the coloutation of a living specimen from the 
Siklnai stream :-" Upper surface dark olivaceous, sides silvery 
with blue bands ext( nding to the lateral line; fins pinkish; iris 
deep orange ;. opercular piece dark while the rest of the gill-cover 
orange.' , 

.A. specimen from the Khurda stream is of special interest, 
because it lacks the ventral fins. 'rhe absence of the ventrals has 
been considered to be a character of generic importance, but in 
the case of this specimen I consider it an abnormality, as it is 
itn.possible to separate this individual on any other character frotn 
B. barila, of which I have examined a large series. 
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The following are the measurelnents of the unique specl­
men:-

Total1ength including caudal 
Depth of body 
Length of head 
Diameter of eye 
Length of snout 
Interorbital V\yidth 
Length of rostral barbels 
Length of maxillary barbels 

94'0 m.m. 
18·5 

" 
I9' 0 " 
6'0 , , 
5·S " 
6'3 

" 2'0 

1"5 
, , 

" 
The species is widely distributed in the stre~ms 01 the 

valley. A .few specimens were taken in-th~ Senapati stream near 
Kairong in the N aga Hills. 

Barilius dogarsinghi, SIp. nov. 

D. 2/7- A. 3/9. P.1:3. V 8, 

The length of the head is contained ~-51 times, the depth 
of the body 4-4k times) the length of the caudal 5 times in the 
total1ength including the caudal fin. The eye~ are situated some­
what in the anterior half of the head, their diameter being con­
tained 4 times in the length of the head, I!-It times in the 
length of the snout and It times in the interorbital width. Bar­
bels.-There are two pairs of short barbels. Scales.-There are 
38-39 scales along the lateral line, 7-8 rows above it to the base 
of the dorsal fin and 3 below it to the base of' the ventrals. 
There are 20 rows of scales in front of the dorsal fin. Fins.­
The origin of the dorsal is equidistant frorn the enc1,. of the upper 
lobe of caudal and the anterior margin of nares. It is situ~ted 
far back and extends to about the rniddle of the ahal 'fin. The 
paired fins are well developed and possess a number of stiff rays. 
The pectorals do not reach the vcntrals, which in some examples 
extend to the base of the anal fin. The auxiliary processes do not 
go beyond the bases of the pectorals. The free nlargins .of both the 
dorsal and the pectoral fins ,: are rounded. The lower lobe of the 
caudal fin is slightly longer than the upper. 

The mandibular knob so ·characteris'tic of the genus is absent 
in this species. 

The dorsal profile. in front of the dorsal fin is almost straight, 
but posteriorly it eu rves to the base of the caudal fin. The ventral 
profile is deeply arched and is convex throughout. The skin on 
the sides of the head is prominently tuberculate. 

Colour.-The dorsal surface of the head .and body is black 
with about 9 blue lateral bands. The band at the pase of the 
caudal fin is deeper in colour than the rest. The belly and the 
under surface of the head, and the pectoral, the anal and the ven­
tral fins V\'hite. The caudal is dusky in its posterior half, and the 
dorsal has a characteristic deep black band across its mid dIe. 
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The young individuals have longer barbels, a smooth snout 
and normal paired fins, and the band at the base of the caudal­
fin shows a deep black spot in its centre. 

As in the preceding species, I find that iU. on~ example '~he 
ventral fin of the left side is absent and the surface 15 covered with 
scales in the region from V\rhich the fin is lacking. 

A specinlen 85 mm. in length was found on dissection to con-
tain eggs. 

a. 

D. 

TEXT-FIG. 3.-Barilius dogars-inghi, sp~ nov. 

(a) Lateral view of type:--specilnen (slig'htly enlarged), 
(b) Dorsal view of head of salne (slightly enlarged).­
(c) \'entral view of head of salne (slightly enlarged). 

I have great pleasute in associating this fish 'V\,ith the name 
of my friend S. Dogar Singh, State Overseer at the time of our visit 
to Maniput, who toured -in the valley -with me and helped me in 
various other ways. -

Type-specinzen.-F 9983/I. ZaoJogical Survey of India (Ind. 
Mus~). 

Twelve specimens of th~s ,species were captllred in the Etok 
stream near Chanderkhong and one young individual in the 
Sikmai stream near Palel. 
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Barilius dogarsinghi is quite distinct from the rest of the species 
included in the genus in the form and position of the vertical fins 
and in its general facies. It might perhaps be regarded as the 
type of a new genus or subgenus, but, for the present at any rate, 
I prefer to place it in Barili'Uls. 

Danio dangila (HaID. Buch.). 

1889. Dania dangila, Day, op. cit., P 356. 
1889. Dania df1-llgila. Vinciguerra, op. cz'f., p. 306. 

'l'wo specimens were found at Ghaspani (alt. I500 ft.). The 
largest specimen is 58 mnl. in length. 

Danio dangila is found in Bengal, Bihar, Darjiling, Burma 
and the Naga Hills. 

D·anio aequipintiatus (McClell.). 

1889. Dauio aequipinnatus, Vinciguerra/·op. cit., p. 30+. 

Specimens of this species were captured in various streanlS 
1n the N aga Hills and three from a small hill-stream north-\vest 
of Potsengbaum and one from Itok stream near ~handerkhong.1 

I have the following note in the field-book on the colouration 
of a ·living sp~cimen caught in a small: stream near Ghaspani:­
,. Three blue l)'ands on either side-the one in the middle reaching 
the base of the caudal fin which is infuscated in the middle. Inter­
vening betV\Teen these blue bands are others of a yellowish-orange 
colonr. The blue bands break up behind the operculum and form 
a characteristic pattern. . There is a black spot behind the angle 
of the op~rculum and a golden streak runs along the dor'sal surface. 
The fish is partially transparent with a dusky back and a white 
belly. The caudal and the pectoral fins are reddish; the dorsa} is 
provided with a blue stripe. The remaining fins are of art orange 
colour.' , 

Danio (Brachydanio)l acuticephala, sp. nov. 

D. 2/6-7. A. 2-.4/9. 

T.his little fish is fairly stout- and deep and has a characteris­
tic facies, being highest in the middle. and tapering towards both 
ends. '.the head is short and pointed. The eyes are prominent 
and are situated in the anterior half of the head. The mouth 
is small, semicircular and is turned upwards. The nostrils are 
placed midway between the antero-superior margin of the eye 
and the end of the snout. 'there are open pores distributed all 
over the head and those on the under surface are along the pre" 
opercular borders and the mandibles. In some specimens the pores 
are absent. 

The dorsal fin is' short. with 6-7 branched rays, its origin is 
equidistant from the end of the snout and the hinder end of the 

---- -- ---------'---
1 \Veber and Beaufort, Fish. lndo-Austya. Arch .• II I, p. 85 (I9I~). 
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caudal fin. The pectorals are rou.nded and when adpressed do· not 
reach the ventrals, which in turn do not extend to the base of 
the anal.· The anal fin is truncate and its base is covered with a 
scaly ~heath. The caudal fin is deeply emarginate both the lobes 
are pointed, the lower one slightly the longer. Both the pectoral 
and the ventral fins are provided with scaly appendants. 

The length of the head is contained 4i-5 times' and the 
length of the caudal 4!-' s! times in the total1ength including 
the caudal fin. The diameter of the eye is contained 3--3t times 

(h. 

b. c. 
TEXT-FIG. -+-Dalliq~ (Braclzydanio) acuticeplzala, sp. nov. 

(a, Lateral view of type-speciluen, X 2. 
(b) Dorsal view of head of sanle j )( 3· 
(c) Ventral view of head of same, X 3. 

in the length of the head. There are 30 scales along the lateral 
line and 8 rows in an oblique line between the bases of the dorsal 
and the ventral fins. 

Colour.-In the specinlens preserved in spirit the upper 
surface is dusky and the lo"yer pale-olivaceolls. p~ broad black 
longitudinal band is present on either side of the body and a black 
narrow streak is to be seen along the dorsal surface . 

. The colour of a fresh specimen from Bishenpur, Manipur, is thus 
described in the field book :-" Upper part of body dull olivace-
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ous, speckled with black, dorsal surface of head and a narrow line 
extending all along the dorsal surface of the body, black. A metal­
lic bluish line run ning along the middle of each side. Sides of head 
silvery speckled with black. Ventral surface as far as the vent, 
white and silvery. Lower part of body behind the vent. tinged 
with salmon, fins white, minutely speckled with black and an 
obscure salmon stripe along the centre of the caudal"'.' 

Type-specimen.-F 998!/!. Zoological Survey 0/ India (Indo 
Mus.). 

Danio acuticephala is \videly distributed in the small streams 
and ponds of the valley. It does ~ot occur in big muddy,streams. 

M eaS~trements in millimetres. 

'l'ype A. B. C. D. 
Total length including caudal 44.8 42°4 29'7 39° 2 41 5 
Length of caudal 8·S 9'7 7.0 8·4 So 2 

Depth of body 10'8 9'S 6'S 9°! 10'0 
Len"gth of head. 9"3 S'S 6'4 7·9 8'3 
Diameter of eye 2'6 2"5 2"r 2°3 2°5 
Most of the female specimens 'were found to be full of eggs. 

Family COBITIDAE. 

Botia berdmorei ·(Blyth). 

1860. Syncr'Jsslls berdmorei, Blyth, Ope cit., p, 166. 
1889. Botia berdmorei, Vinciguerra, op. cit., p" 345. 

Numerous individuals of this species were collected In the 
Imphal River and its tributaries in the valley. 

Vinciguerra points to the inconsistency as regards the num­
ber of barbels in Day's description of the species. I have ex­
amined the type-specimens and a large series of individuals froln 
the M·anipur Valley and in all I have been able to Inake out only 
six barbels, four of which are rostral and united at their base. 
The arr~ngement of the rostral barbels and the structure of the 
lower lip is very characteristic of the l species. 

The colour varies greatly. Usually there are 10-18 oblique 
transverse bands on the body and about 5 longitudinal rows of 
black dots.· The upper surface of the" head is black, with t\VO 

black streaks running from the eye to the snout. The belly and 
the under surface of the head are white. In one specimen the 
body was 'uniforlnly pale except for light bands on the caudal fin. 

Botia berdmorei occurs in Burma and the Manipur Valley. 

Botia hist~ionicat Blyth. 

] 860. B:;tia histrivnica, Blyth, Ope '3it., p. [66. 
1889. Botia histrionica, Vinciguerra, op. cit. ,. p. 346. 

Only two specimens of this species 'were obtained from the 
Amambi stream. They are lIB and 153 millimetres in lenith. 
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The Manipur examples agree with Vinciguerra's description 
of the species except for a little variation in colour which is, 
otherwise, characteristic of the species. In the younger specimen 
the number of bands on the caudal and the dorsal fins are fewer 
in number and in the adult black dots are present between the 
vertical bands on the body_ 

Measurements 'ln millimetres: 

Total length (including caudal) 
Length of caudal •• 
Depth oE hody 
L~ngth of head 
Diameter of eye 
Length of snout 
Height of dorsal fin 
Length of pectoral 
Length of caudal peduncle 
Height of caudal peduncle 

153 II8 

32 25 
30 21 
30 ~2 

5 3-8 
18 I3 
20 IS 
23 18 
2I 12 

19'5 14 

Eotia histrion£ca is only found In Burma and the Manipur 
Valley_ 

Lepidocephalichthys guntea (Ham. Buch.). 

1889. Lepidocephalichthys guntea, Vinciguerra, op. cit., P.339. 

There is only one specimen of this species taken at Ghaspani 
~I527 ft.) at the base of the Naga Hills, Assam. 

Lepidocephalichthys berdmorei (Blyth). 

1889. Lepidocephalichthys berdmore-i, Vinciguerra, Ope cit., p. 3 p. 
1918, L'epidllcephalus berdmorei, Annandale, op. cit., p. -l3. 

This is the commonest loach in the valley being found every­
where, both ill the mUddy and the hillstreattls of the valley. It 
was curious to note that not even a single specimen of this 
species was obtain,~d in the Loktak Lake, whereas it was quite 
common in a sluggish rnuddy stream near Potsengbaum. 

The chief char~,cter that distinguishes this species from the 
preceding one is the mandibular flap. The mandibular flap in 
r .. berd1norei is thickened and pliated anteriorly while posterior­
ly it is produced into three or more short barbel-like processes. 

Lepidocepllalichthys irrorata t sp. nov. 

Plate IX) figs. S J sa, Sh. 

D_ 2/7. A.3/5. V I/6. P.7-8. C. 15-16. 

This cOlnprises sInal1 fish with the body slightly compressed 
from side to side,! The dorsal profile is slightly arched while 
the ventral is straight and horizontal throughout. The length 
of the head is contained 6t-7f times, the depth of the body 
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61-7i times in the total length including the caudal fin. The 
eyes are minute and are situated in the anterior half of the 
head. The suborbital spine is bifid, the posterior prong being 
longer and stronger. The mouth, which is situated on the 
ventral. surface, is semicircular and is provided with thick lips. 
The vent is placed on a slightly raised papilla and is provided 
with thick lips, which are not continuous posteriorly. It is 
situated in the beginning of the posterior third of the distance 
between the base of the caudal fit:! and the eye. There are two 
nostrils on each side lying close together but separated by a val­
vular flap. The anterior nostril is oval while the posterior is 
rounded. Barbels.-There are eight barbels, two rostral pairs, 
one maxillary pair and one pair mandibular. The bases of the 
mandibular barbels are broadened outwards to meet those of the 
maxillary barbels and· thus a membranous flap stretches between 
the bases of the mandibular and the maxillary barbels. In some 
individuals the' membranes are wanting and all the barbels are 
free. Under the lens the barbels show spiny projections all over 
their surface. F ins.-The dorsal fin is almost as high as the 
depth of the body below it; its origin is considerably behind the 
ventrals and is much nearer to the base of the caudal fin than to 
the end of the snout. The origin of the ventral is equidistant 
from the eild of the snout and the base of the caudal fin. The 
free posterior border of the caudal fin is concave. Scales.-The 
scales are minute and there are about 34 rows in an oblique line 
between the base of the dorsal and that of the ventral fins. 

The specimens from the Loktak Lake have a characteristic 
colouration. They are pale olivaceous, more or less densely 
speckled with black There is a series of fine dark spots running 
along each side. On the dorsal $urface and the sides' of the head 
the dark specks are more closely aggregated. The fins are 
whitish with numerous dark transverse bars on their rays; 
narrow, irregular pale bars are aiso to be seen on the dorsal surface. 
There is also a dark streak from the eye to the snout. 

The spec;imens from other lakes and streams in the valley are 
of a uniform pale colour, with short bars across the back and a 
row of fine spots along the sides. The fins are banded or speckled 
with black dots. 

Type-specimen.-F 9904/r. Zoological Survey 01 India (Ind. 
M~ts.). 

Lepidocephalichthys -irrorata is widely distributed in the lakes 
and streams of the Manipur Valley. 

Acanthophthalmus pangia (Ham. Buch.). 
188g. Acanthophthalmus pangia, Day, Ope cit., p. 222. 

188g. Acanthophthalmus pangia, Vinciguerra, op. cit., p. 3-+7· 
19 16 . Acanthophthalmus pangia, Weber and Beaufort, Ope cit., III, p. 

31. 
In describing B arilius barila I referred at some length to an 

.abnormal specimen in which the ventrals were totally absent and it 
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was pointed out that this character did not seem to me of either 
specific or generic value. 'fhe genus Apua is distinguished from 
Acanthophthalm,us by the absence of the ventral fins. Vinciguerta 
does not recognise the genus Apua~ but in doing so he does not 
assign any valid reasons. According to him 'c Ie ventrali fossero 
mancanti per pura accidentalita 0 che per la loro estrema piccolezza 
sieno sfuggite all' osservazione di entrambi questi naturalisti." I 
have examined the two type-specimens (No. F 2..g,l-~) of A. tusca, 
Blyth, but can :find no trace of the ventrals in them; and ca!lnot, 
therefore, agree with Vinciguerra when he says that the ventrals 
must either have been overlooked or accidentally broken in the 
unique type-specimens of the genus. I look upon these cases as 
abnormalities, though it is surprising that both the specimens 
should have lost the ventrals. I have already referred to an 
abnormal specimen of Barilius dogarsingh1: in which the ventral fin 
of the left side is absent. I have also examined a specimen of 
Rita rita, in the collection of the Government College Museum, 
Lahore, in which the pectoral fin of one side is absent. In view 
of what I have stated above I do not regard Apua as a distinct 
genus. 

There is another interesting observation which might be 
referred to in this connection. After a careful examination of a 
large collection of A. pangia from lVlanipur. I am of the opinion 
that the form hitherto known as Apua fusca is only a hill­
streanl phase of A. pangia. Vinciguerra distinguishes A. pangia 
from A. lusca, by the greater depth of its body) by the ventrals 
being placed midway between the base of the caudal and the 
middle or the posterior margin of the orbit, and by the position of 
the dorsal, whiCh ill A. tusca ends just above the origin of the anal 
fin. I have not been able to verify the above characters in the 
case of the type-specimens of A. lusca. In these specimens the 
dorsal fin is in ad vance of the anal, and its, origin is not eq uidis­
tant from the base of the pectoral and the end of the caudal fin. 
It arises in the posterior! of the body. 

The specimens from the hill-streams like Sikmai, Amambi, 
Phaidinga, etc., are slender, elongated and less 'deep, while those 
from the muddy streams are _ stouter and deeper. The muddy 
stream forms possess a soft dorsal fin like that of the genus 
Adiposia.1 

The structure of the soft dorsal fin of A. pangia is very 
simple. The wall consists of a thin layer of epithelium and of a 
muscular layer internal to it. There are no specialized gland-cells 
and the muscular sheath consists of fine 'fibrils running transverse­
ly. The inner core consists 'of ~ highly vacuolated tissue, supplied 
with a few blood vessels which lie in the middle. The muscles do 
not run across the dorsal muscles but are continued along the body­
wall. 

L Annandale and flora, Rec. Ind. Mus. X\'III" pp. 183-186 (1920). 
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It is unfortunate that the collection of A. pangia in the 
Indian Museum is very poor. There is only one specimen No. 
2590 from l\'Iandalay and even that has been allowed to desiccate 
and is not fit for examination. I am, therefore, unable to decide 
whether the two species should be united until further collections 
from various parts of India are avaihible for examination. 

The largest specimen in our Manipur collection is 60 mm. in 
length. On dissection the females were found to contain eggs. 

Acanthophthalmus pangia has a very wide range, extending 
over North Eastern Bengal, Manipuri Shan States, Burnla to 
Java and Sumatra. 

Nernachilus manipurensis t Chaudhuri. 

1912. Nemachilus manipurensis Chaudhuri, Rec. Ind. Mus., VIII, p. 
443, pI. xl, figs. 4, 4a, 4b, and pI. xli, figs. I, I a, lb. 

Numerous specimens of this species were collected in the 
.A.uwlok_ and the Maklang rivers in t~e Kangjupkhul Hills; also a 
large number of specimens from Kangjupkhul p~(,khri (pond) 
behind the inspection bungalow. 

Except for slight variation in the colour of some speCImens, 
they argee with Chaudhuri's description of the species. 

Nemachilus botia (Ham. Buch.). 

1889. Nemachilus boNa, Day, op. c£t., p. 227. 
1919. Nemachilus botia, Annandale, Rec. Ind. Mus .• XVI, p. ) 27. 

A single specimen 68 mm. in length was obtained at Ghaspani 
alnong the N aga Hills. The ~pecimen is provided with a free 
orbital process below the eye and is probably a male. The lower 
lip is interrupted in the middle and is provided with characteristic 
cushion-like swellings. 

N emachilus botia is widely distributed all- over northern and 
central India and also occurs in the Shan Plateau. 

N emachilus zonalternans (Blyth). 

Plate X, figs. 3, 3a. 

J 860. Cobitis zOJlaiternans, Blyth, op. cit., p. 172. 
1889. Nemachilus zonalternans, Day, op. cit., p. 23 2 • 

This species is one of the commonest fish found in the Manipur 
Valley. Of 112 specimens, 77 are females and the rest males. 
The sexual dimorphism exhibited by this species is like that found 
in lV. botia and consists in th.e males having a groove in front of 
the eye ~nd a movable process of the preorbital bone. 

N zonalternans has hitherto been known from two specimens 
from Tenasserim., Both of these specimens are in the collection of 
the Indian J\lIuseum. One of these has been allowed to dessicate 
and . the second ~ne is not in a good condition for detailed examina­
tion. Moreover as the descriptions of Blyth and Day are meagre, 
I take this opportunity of writing a short note on the type-speci-
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mens and a description of the species from fresh specimens, together 
with figures. 

Having been long in spirit, the type-specimens have lost their 
natural colouration, except for certain tnarkings on the caudal fin. 
There rs also a faint black ocellus at the upper portion of the base 
of the caudal fin. The upper jaw is provided with a prominent 
knob in the middle. The lower lip is interrupted in the middle. 
The dorsal is considerably in advan~e of the ventrals. The 
lateral line is incomplete, ending below the origin of the dorsal. 
The eyes are nearer to the snout than the posterior extremity of 
the head. 

Measurements of type-specimens in millimetres. 

Length of body (caudal excluded) 
Length of head 
Diameter of eye 

A2 

The following is a description of the fresh-specimens from 
Manipur:-

D. 3/9--10. A. 2/5. P. II. V 7. 

The length of the caudal fin is contained 4~-5 times; of the 
head 4t-S! times and the depth of the body 5!-6! times in the 
total length including the caudal fin. The diameter of the eye is 
contained 4-4t times in the length of the head and Ii times in the 
length of the snout. Barbels.-There are six barbels, two rostral 
pairs and one pair maxillary. The maxillary barbels are slightly 
longer than the outer rostrals and are It times as long as the 
diameter of the eye. The inner rostrals are equal in length to the 
diameter of the eye. Fins.-Tbe dorsal fin arises in advance of 
the ventrals and is almost as high as the depth of the body below 
it; its origin is nearer to the snout than to the base of the caudal 
fin. The caudal fin is slightly emarginate, with the upper lobe 
slightly the longer. The caudal peduncle is almost as high as 
long. 

The mouth is small and semicircular and the mouth· opening 
reaches to just below the nostrils. The lips, the jaws, and the 
la teral line are as described in the type-specimens. 

The colour of this loach has thus been described by Blyth 
and agrees with the Manipur specimens :-" It has a dark lateral 
streak, crossed by twelve short transverse bands, which alternate 
with about the sallle number of dorsal dark cross-bands. The 
dorsal fin is marked with three and.the caudal with four rows of 
black spots; the other fins being spotless." There is, however, 
considerable variation even in specimens from the same locality. 
Some are uniformly pale and in some the dorsal surface is black 
and the belly white. There is always a black ocellus near the 
superior margin of the base of the caudal fin. 

N emachilus zonalternans is known from Tenasserim district 
(Burma) and is common allover the Manipur Valley. 
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Some female specimens on dissection were found to contain 
eggs. 

Measurements in millimetres. 

2 9 ~ c:i' 

Total length including caudal . 4°'0 4°'0 40'7 36.3 
Length of caudal 7°6 8'2 8·r 7'2 
Length of head S'r 8°3 7'8 7'S 
Depth of body 7'6 7'0 7'2 6'1 
Diameter of eye z'o 1'9 1'8 1'8 

Nemachilus sikmaiensis, sp, nov. 

Plate IX, fig. 4; plate X, figs. I, la, 

D. 2/8. A. 2/5. P. 11-12. V 8. 

d' (f 

40 '8 35'7 
8'g 7'3 
8'2 7'0 
6'4 S'3 
l'g 1'6 

In this fish the head is slightly depressed and the ventral 
profile is almost horizontal. The dorsal profile rises gradually 
from the end of the snout to the base of the dorsal fin, beyond 
which it slopes gradually to the base of the caudal fin. There 
are definite rows of open pores all over the head and those just 
above and below the eye meet posteriorly and are continued along 
the lateral line, which ends just above the middle of the, anal fin. 

The length of the head is contained s-st times, of the 
caudal fin S-Si times and the depth of the body 7-8 times in 
the total length. The eyes are. minute and are situated in the 
middle of the head. They look upwards and outwards and are 
invisible from below. The diameter of the eye is contained 4! 
times in the length of the head. There are two pairs of nostrils, 
one on either side. Their position is nearer to the eye than to 
the end of the snout. A fold of skill, provided with a sharp, 
barbel .. 1ike process, separates the nostrils of each side. It has an 
inferior, semicircular mouth, which is surrounded by thick lips. 
The lower lip is slightly notched in the middle and is devoid of any 
swellings or papillae. Barbels.-There are six barbels, two rostral 
pairs and one pair maxillary. The outer rostrals are the longest 
and extend to the posterior margin of the nostrils. Fins.-The 
dorsal fin is slightly in advance of the ventrals and is as high as 
the depth of the body below it; its origin is equidistant from the 
nostrils and the base of the caudal fin. The pectorals are rounded 
and are shorter than the head and are separated from the 
ventrals by three .. fourths of their own length. The ventrals are 
well developed and are provided with scaly appendages to their 
bases. The ventrals reach the vent. The caudal fin is deeply 
forked; the lower lobe is slightly the longer. 

The colouration of this species is very characteristic. There 
are I2- I3 black rings round the body, separated l?y an equal 
number of slightly narro\v white ones. In front of the ventrals 
the rings are incomplete and the under surface of the head and 
body is dull white. There is a black bar across the base of the 
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caudal fin and a black spot at the base of the first few dorsal 
rays. The rays of the dorsal fin have black markings along their 
length in the middle. The caudal fin is dusky and the rest 
spotless. In some examples the rings .in the anterior portion are 
hardly distinguishable and the colour' has bEcome uniformly black. 

The males of this species are provided with a thick, triangular 
pad below the antero-inferior margin of the eye. 

N emachilus sikmaiensis is distinguishe9 from the rest by the 
simplicity of its lips, by the nature of the caudal fin which is 
deepy forked, by the fact that the lateral line does not extend 
beyond the middle of the anal fin and that the dorsal fin poss­
esses only eight .branched rays. 

Type-specimens.-F 9932/r. Zoological Survey of India (Ind. 
·Mus.). 

Only nine specimens. of this species were obtained in the 
Sikmai stream near Palel on the Burma Road. 

Measurements in millimetres. 

2 
Total length including caudal .. 41°3 
Length of caudal 7.2 
Length of head 8'2 
Depth of body 5"8 

9 2 
31 .4 33'0 

6-3 6'3 
6-4 6'4 
4° 2 4'2 

NemachHus kangjupkhulensis t sp. nov. 

PIa te .X) figs. 4, 4a. 

D.2/6-7_ A.2/5· V 6-7- P.9· 

In this species. the dorsal profile is slightly arched and the 
ventral is horizontal thro·ughout. The head is bluntly pointed and 
slightly depressed. The under surface of the head and body is 
fiat_ There are open pores scattered all over the head, and a row 
of these just below the eye is continued along the lateral line. 
It has a ventral mouth, which is situated only a short distance 
behind the anterior end of the snout and is surrounded by thick 
lips. The upper lip is slightly notched and the lower widely in­
terrupted in the middle. Behind the lower lip there is a cushion .. 
like muscular pad, resembling the cent~al callous portion of the 
disc of Carra. The lower lip is slightly fimbriated, 

The length of the head is contained St-5i times, of the 
caudal 6-6! times and the depth of the body 6-8-1 times in 
the total length including the caudal fin. 

The eyes are dorso-Iateral in position and their diameter is 
contained Si times in the length of the head. The snout is 
twi~~ as long as the diameter of the eye. The caudal peduncle 
is Ii times as long as high. Lateral line.-The lateral line is 
incomplete and ends before the commencement of the dorsal fin. 
In some examples it extends to just above the end of the pectoral 
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fins. N ostrils.-There is a pair of nostrils on each side and their 
position is nearer to ·the eye than to the tip of the snout. Fins.­
The dorsal commences almost opposite the ventrals; its origin is 
equi~istant from the anterior margin of the orbit and the base 
of the caudal fin. It is almost as high as the depth of the body 
b~low it. The pectorals are shorter than the head and are separ­
ated from the ventrals by their own length. The ventrals do not 
reach the vent, which is situated on a raised papilla and is provided 
with thick lips. The caudal fin is slightly emarginate and in 
some examples the lower lobe is longer than the upper. The 
bases of the ven trals are provided with fleshy pendants. 

There are seven to eleven broad black bands on the body 
separated by an equal number of vvhite ones which are only half 
as broad. 'rhere is a black bar at the base of the caudal fin and 
a black spot at the base of first three ra.ys of the dorsal. In some 
examples the bands in the anterior region get mixed up and the 
surface becomes uniformly dusky. The under surface of the head 
and body is white. Usually there are two black streaks radiating 
from the eye to the snout. 

I have not been able to discover any outward signs of sexual 
ditI10rphism in this species. Some specimens on dissection were 
found to contain eggs. The eggs in this species are fairly big. 
[n a specimen 43 mm. long, the diameter of an egg is r8 mm. 

N emachilus kangiupkhulensis is wid~ly distributed in the hiU­
strealns of the Manipur Valley. 

Nemachilus prashadi t sp. nov. 

Plate X, figs. 2, 2a. 

D. 4/8. V 8. A. 6. P. II. 

The length of the head is contained 5--5! times, of the caudal 
fin 4i-5 times and the depth of the body 5-7 times in the 
total length including the caudal fin. In ripe females the greatest 
depth of the body is contained 5 times in the total length. Eyes.­
The eyes are .invisible from below and their diameter is contained 
3"*-5 times in the length of the head. Barbels.-There are six 
fairly long barbels, the inner rostrals extend to the nasal opening 
and the outer reach the beginning of the second third of orbit. 
The maxillary barbels are as long as the. outer rostrals and are 
twice as long as the diameter of the eye. Lateralltne.-The lateral 
line is well-marked anteriorly, gradually it fades away and ulti­
mately disappears behind the anal fin. Fins.-·-The dorsal fin is in 
advance of the ventrals and its origin is nearer to the snout than 
to the base of the caudal fin. The pectorals are longer than the 
head and when adpressed almost reach the base of the ventrals 
which are provided with a short fleshy pendant. The caudal fin is 
deeply forked and in some female example,s the upper lobe is slightly 
t~e longer. The caudal peduncle is Ii times as long as high. In 
mature females the pectorals do not reach the ventrals. 
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The open pores, noticed in the preceding species, are present 
all over the head and are continued along the lateral line as well. 
There is a well-nlarked prominence in the middle of the upper jaw 
and the lo\ver lip is interrupted in the middle. 

The lateral Hne is crossed by 13 short, black vertical bands. 
Above the lateral line the body is marked by a characteristic reti­
culum formed by numerous dark bands and blot.ches. The under 
surface of the head and body is pale olivaceous. 'there is a deep 
black bar at the base of the caudal fin and two dotted bands across 
it. The dorsal fin is marked by two bands and a black spot at 
the base of the first few rays. The remaining fins are spotless or 
in some examples very indistinctly marked. 

The specirnens of l.Vemackilus prashadi were obtained in Tho­
nagpal tank and in Thoubal and Sikmai streams. Of 74 specimens, 
40 are males and the rest females. 

I have great pleasure in associating this fish with the name 
of my friend Dr. Baini Prashad, Assistant Superintendent, Zoolo­
gical Survey of India, who has given me every possible encourage­
Inent in my work in the Museum. 

Type-specz·men.-F 9987/1. Zoological Survey of India (Ind. 
Mus.). 

Order ACANTHOPTERIGII. 

Family PERCfDAE. 

Ambassis ranga (Ham. Buch.). 

188g. Ambassis ranga, Vinciguerra, Ope cit.J p. 163. 

The individuals of this species from different localities show 
considerable variation in colour. Those from the Loktak Lake are 
dirty yellowish-orange, shot with minute black dots all over. 
These dots are aggregated to form 6-I1 transverse bands on the 
body. A similar arrangement of dots forms a black blotch over 
the shoulder. The upper portion of the iris and the head are 
stained with black. In the young individua~s the transverse bands 
are absent. The specimens collected in streams are lighter in colour 
and do not show any black dots, though In some ,cases 'the trans­
verse bands are well marked. 

Family NANDIDAE. 

Badis badis (Ham. Buch.). 

1889. Badi:> buchallani, Vinciguerra, op. cit., p. 166. 

There are altogether three specimens of the species, two of 
which were captured in Dhanashori stream and one in a small 
pool in thick jungle near Dimapur, Assam. In colouration the 
fish agree with Day's description of the Assamese specimens. 

This species is said to occur all over India and Burma hut I 
did not get a single specimen of it in Manipur. ' 
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Falnity M.AST .A.CEMBELID.AE. 

Rhynchobdella dhanashorH t sp. nov. 

Plate IX, fig. 2. 

D. 19/45· A. 3/47. C. 16. P. 17. 

The length of the head is contained 7 times, of the caudal 14 
times and the depth of the body 91 times in the total length 
including the caudal fin. The diameter of the eye is contained 
about 5 times in the length of the head. The vent i5 situated nearer 
to the base of the caudal fin than to the tip of the snout. The 
luouth is small and does not extend to below the nostrils. 'l'here 
are no preorbital or preopercular spines. The fleshy appendage of 
the snout is broad and 
concave with transverse 
striations on the under 
surface. Fins .-The first 
dorsal consists of nineteen 
spines, which increase in 
length posteriorly except 
for the last one which is 
shorter than the:' rest. It 
commences at the begin­
ning of the second third 
of the distance between 
the anterior end of the 
orbit and the base of the 
caudal fin. There are 
three anal spines close 
together, the middle one 
is the longest. The caudal TEXT-FIG. 5·-U nder surface of head and snout 
fin is free both from the of Rhynchobdella dlzanasllOrii, sp. nov. 

dorsal and the anal fins. 
This species has a well-marked colouration. In spirit it is 

dull olivaceous speckled with numerous very characteristic pale 
lines extending downwards and forwards from the base of the 
dorsal fin and becoming obscure in the belly region. Behind- the 
vent these lines are joined together in an irregular manner to form 
a reticulation, A pale longitudinal band extends backwards from 
behind the eye and becomes obscure in the post anal region. The 
lower surface is pale, speckled with black on the lower surface, of 
the head. The fins arc dark, -minutely banded or speckled with 
dull white. 

The only other known Indian species of the genus is Rhyn­
chobdella aculeata which is said to occur in brackish waters within 
tidal influence and also throughout the deltas of large Indian and 
Burmese rivers. The new species differs from it in having a 
characteristic colouration and different proportions and also in the 
fact that R. dhanashorii occurs far inland in freshwater. 
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Type-specirncllo-F 9989/1. ZooZogical Survey 0/ India (Ind. 
MUls.) . 

...Ii single specimen of this species was obtained in Dhanashori 
stream, about a mile from Dimapur, Assam. 

Measurements £n millimetres. 

'Totallength including caudal 
Length of caudal fin 
Depth of body 
Length of head 
Diameter of eye 

Mastacembelus manipurensis t sp. nov. 

Plate IX, fig. 3. 

98·0 
7.0 

lO'S 

l4·0 
3.0 

The proportions show considerable variation with the age of 
the fish. In a specimen about 23 cm. long, the depth of the body 
is contained 9 times in the total length and the length of the head 
about 6 times. In an older specimen 44 cm. in length, the depth 
of the body is contained 13 times and the length of the head 7 
times in the total length. The diameter of the eye is contained 
7-1Ii times in the length of the head. The vent is situated 
much nearer to the base of the caudal fin than to the end of the 
snout; its position can thus be located in the older specimen :-

Distance of vent from end of snout 2207 cm. 
" " " base of caudal fin 19'() " 
" )J " end of caudal fin 21'0 " 

The preorbital spines are absent, but there are three well­
marked preopercular spines which increase in length from belo\v 
upwards. The fleshy appendage to the snout is short and is 7 
tnm. in length in the older specimen. Finso-The caudal fin is 
comph.~tely united with the dorsal and the anal fins. The spiny 
portion of the dorsal consists of 37 spines and commences above 
the middle of the pectoral. 1~he rayed portion of the dorsal is 
leathery and low, so it is rather difficult to count the n umbei of 
rays with exactness. There are, however, 66-72 soft rays. The 
anal' fin has three spines close together, the middle one is the long­
est and the stoutest. The anal spines can only be made out after 
a careful dissection. There are about 50 rays in the anal fin. 

In the older specimen, the dorsal surface of the head and 
body and the whole of the tail portion is black, with about 23 
short black bands across the dorsal surface. The colour of the 
body below the lateral line and on the under surface of the head is 
pale olivaceou5, gradually fading into yellow on the ventral sur­
face. There are four irregular dark longitudinal bands on either 
side of the body) commencing from near the head and becoming 
indistinguishable in the region behind the vent. There is a charac­
teri~tic dark band along the midventral line extendi ng from the 
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head to the vent. On the sides and the under surface of the head 
there are short irregular bands forming a reticulum. There IS a 
short band between the eye and the base of the pectoral fin. The 
pectoral is marked with a few dotted ban"ds. 

The following short description may be given to facilitate the 
identification of the species according to the synopsis of the species 
of the genus given by Boulenger :-

Snout scaly on the sides, three anal spines, caudal complete­
ly united with dorsal and anal, vent considerably nearer caudal 
than end of snout; preorbital spines absent; 3 preopercular spines 
present; dorsal fin with 37 spines; month extending to below nostrils 
in adults while it does not extend so far in the younger specimen. 

By these characters the new species approaches M erythrotae­
rtia, Blkr. and M. caudat1,$s, McClell. From th~ former it differs 
in having 3 instead of 4 preopercular spines and in having fewer 
rays to the" soft dorsal and the anal fins and also in colouration 
and proportions; from the latter ip the fact that the mouth does 
not extend to below the anterior third of the eye and .the number 
of rays both in the dorsal and the anal fins is not so great. 

Since his synopsis, Boulenger has described three new species 
of the genus M astacembelus, .viz. M moeruensis,~ M stappersii and 
M. mellandi. S I have consulted the descriptions and do hot find 
any close affinit) with the new species. 

Type-spec-imen.-F 9990/1. Zoological Survey of India (Ind. 
Mus.). 

Only two specimens of this species were obtained in Khurda 
stream, near Thanga Id. 

Measurements in millil1tetres. 

Total length including caudal 
Depth of body 
Length of head excluding fleshy snout 
Diameter of eye 
Length of snout excluding fleshy portion. 0 

Length of caudal 
Length of pectoral 

Family OPHIOCEPHALIDAE. 

A. 

440 

35 
64 
5'5 

IS'5 
21 

19 

Ophiocepha!us punctatus t Bloch. 

1889. Ophz'ocephalus punctatus, Vinciguerra, Ope cit., p. 186. 

B. 
129 

14 
21 

3 
7'2 
4 
6'7 

Only one specin1en of this species was obtained in a dirty 
pool in thick jungle near Dimapur, Assam. 

! Boulenger, JOUYIl, Acad. Nai". Set'. Philadelphia (2) XV pp. 197-203 
(1912). 

~ Boulenger, Rev, Zool. Ajl'icaine, Ill, p. 446 (19 13-14). 
S Boulenger, Ann. Mag. iVat. Hist. (8) XIV, p. 386 (19 14). 
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In O. puttctat'Us the subopercular bones overlap or come very 
close to each other on the under surface of the head. The body is 
sharply marked into two regions, the upper surface of the head 
and the body is dark, while the belly and the lower surface of the 
head are white. There is a dark band along the side of the head 
from the snout to the angle of the operculum. There are also a 
number of alternating bands above an~ below the lateral line. 
The belly and the under surface of the head are speckled with 
black dots. There is a white transverse bar at the base of the 
caudal fin and all the fins have dotted bands. 

Ophiocephalus harcourt-butleri t Annandale. 

1918. Ophiocephalus harcourt-butleri, Annandale, Ope cit., p. 54, text­
fig. 2; pI. ii, fig. 7 i pI. iv, figs. 16, 17. 

Specimens from the Shan States show great variation as 
regards the number of fin-rays both in the dorsal and the anal fins. 
Dr. Annandale gives the formula as :-D. 28-38. A. 16-25. 
The specinlens of this species from Manipur are) however, constant 
as regards this character. Of a large number of specimens in 
which I counted the rays, only in one case was the number of rays 
in the dorsal fin found to be 35, while 34 is the rule. The anal 
fin always had 23 rays. Both types of colour-forms occur in our 
collection and the young individuals are characterized by a black 
ocellus at the base of the pectoral fin, fo11owed by a number of 
black lines. In almost all cases the vertical and the caudal fins 
have a narrow reddish-orange band along their edge. 

Ophiocephalus harcourt-butleri is~ widely distributed in the 
Southern Shan States (Burma) and the Manipur Valley. In the 
Manipur Valley it is common in the Loktak Lake and in the 
marshes surrounding it. 

FISHERIES OF THE MANIPUR VALLEY AND OF THE 
NAGA HILLS OF THE SOUTHERN WATERSHED. 

O\ving to their religious tenets the Manipuris are forbidden 
any kind of animal food except fish, which thus forms a very 
important item in their diet. In the Loktak Lake, where traps 
and o~her' fishing appliances are used in great variety, th~ state 
does not levy any kind of tax, consequently near Thanga Island, 
which may be described as the headquarters of the fishermen, 
fishing is carried on throughout the year and at all hours of the 
day and night, and every Manipuri irrespective of age and sex 
is engaged in fishing. Even in other places it is a com,mon sight 
to see young boys and girls catching small fish from ponds with 
baskets. Lai 1 Manipuris do not spare even the molluscs and 
Acrostoma varia bile , the soft parts of, which are sucked out after 
boiling, is highly esteemed. 

1 Lai= Villagers. The Manipuris of the big towns look upon vil1agers as of 
low caste and usually do not mix with them. 
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From the fisheries in other areas, the state realises a good in­
come. The total is estimated to be between Rs. 60,000 and I,OO,OOO 

annually. The main rivers of the valley are divided into stretches, 
each about a couple of miles in length. The fishery rights in each 
of these areas are publicly auctioned every year and each fishery 
fetches from Rs. 400 to 500. The money is paid to the state in 
instalments; but usually, as I gathered from a talk with Mr. 
A. C. Eleazar, the full amount is never realised. The Waithu-pat, 
a lake some ten miles from Imphal and lying on either side of the 
Burma Road, is the most important centre, not only because it 
brings an income of Rs. 8,000 to 10 ,000 a year, but because the 
entire supply for the Imphal market of the big edible fish (WaUago 
att'll) comes from this place. 

FISHING BOATS. 

The only type of boat used in the Loktak Lake is a dug-out. 
It generally consists of a single piece of wood with a flat bottom, 
hollowed out to form a boat. The anterior end is broad and 
somewhat squarish. The boat is rowed with a single paddle 
having a long blade. A small boat costs from Rs. IS to 18. Near 
Thanga Island some big boats are also used for fishing and as 
a means of trans;portation. In the Imphal River, the tradesmen 
also use big boats which are not dug-out but real flat-bottomed 
boa ts of similar shape. 

Manipuris are very fond of boat-racing. During the rainy 
season, a racing competition is held every year in the Imphal 
River. On this occasion t\VO big boats are used with dragons 
carved on their sides. 

FISH-TRAPS. 

A series of characteristic traps are used in running water for 
capturing large quantities of fish. A trap consists of three parts, 
each performing a definite function. The first part consists of a 
superficial dam, built of bamboo poles and dry grass and extends 
almost across the stream, leaving only a passage for boats. The 
function of this dam is to prevent floating weeds and other debris 
from choking the traps which are laid further on. About twenty 
yards below this dam, another stronger dam is built of the same 
material, but here the grass is held together by sticky mud. It 
does not come quite up to the surface, and the water either flows 
over it or through the boat passage. To the upper edge of the, 
poles, just at the level of the water, numerous traps are fixed close 
together. Each trap consists of t"\VO parts. The chora- ruh or the 
upper part has the form of a conical tube and is attached by its 
wider end to one of the poles. The second portion or lusak is also 
conical but is closed at the narrow end. It telescopes a little over 
the end of the first part and is attached to it by means of a string. 
The lusak thus acts as a sort of a purse for all the fish that enter th,e 
trap and is detached from time to time and emptied of its contents. 
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By this elaborate arrangement all the fish crossing the dam near 
the surface are trapped. 

The third dam is built about twenty yards still further down 
and is designed for the capture of bottonl-fish \vhich pass the 
second dam through the boat channel. It is only about a foot or 
so high ftonl the bottom of the stream and is built across the 
whole of its breadth. Above the surface of the water the only 
traces of this dam are three pairs of strong bam boo poles firmly 
fixed in the ground; a pair is placed in the centre of the stream 
and one on each side of it near the bank. To the dam itself a 
series of spindle-shaped traps is attached. The Kalio-ruh is a 
spindle-shaped trap pointed anteriorly., and having an opening at 
the posterior broader end, this opening is plugged when the trap 
is laid. 'l'he entrance into the trap is on the under surface and 
consists of a conical tube made of bamboo splints; at the inner 
end these splints are sharply pointed so that a~ fish once it has 
passed into the trap is unable to get out again. The arrangement 
tor keeping the trap in position is illustrated on plate xii, fig. 7. 
For this purpose strong bamboo pegs (auung) about 46 em. in 
length are employed. Each is made by doubling a length of 
banlboo on itself and thus possesses a loop at its upper end. One 
peg is thrust into the dam 011 each side of the trap and the two 
are lashed together by grass which is passed through the loops. 
Each trap is also secured by a length of bamboo with pointed ends 
which is bent over the trap and driven into the ground on either 
side. The double peg thus formed by the length of bamboo is 
called chikap. Under the chikap and all around it tufts of grass 
are woven in order to give the whole arrangement the appearance 
of an impassable barrier. 

After every four or five hours the traps are taken out and 
elnptied of their contents which freq uently consist of a very large 
number of fish. The method of taking out the trap is rather pe­
culiar. A long bamboo pole is thrown across the stream and is 
held in position by two of the three pairs of bam boo poles al­
ready mentioned. A rope is now tied to a boat and is passed 
along the horizontal bamboo pole. .A lnan dives, releases the 
chikap on one side and bripgs out in turn the kalio-ruh in this. re­
gion and passes them on to another man in the boat, who empties 
them of their contents by removing the plug at the broader end 
of each. When all the fish are jerked out the plug is replaced and 
the trap again set in position. This is a very successful and 
elaborate method and maunds of fish are daily trapped in this 
way. 

The kao (pI. xii, fig. I) is another kind of trap used in shallow 
streams. It is stuffed with grass and dry sticks and tied to a 
bamboo peg driven into the bank.. Fish seeking shelter get 
amongst the grass and sticks and remain there. The trap is al­
lowed to remain in the water for two to three days and is then 
rapidly dragged out. The fish are unable to free themselves quick­
ly and are thus easily secured. 
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A kao which was seen in use in the Wang-jing stream near 
the village of the same name was 2 ft. 2 in. in height,s ft. in 
length and 6 ft. broad. 

The fish generally caught in this trap are Crossochilus latia and 
Botia berdmorei, besides smaller species such as Barbus ticto and 
Lepidocephalichthys irrorata. 

The tikhau-rtth or "trap of the Assamese " is the biggest 
trap used in. the streams of the valley. It is circular., pointed 'at 
one end and with a funnel-shaped passage of bamboo spikes con­
verging inwards at the other end. A,strong bamboo pole is lashed 
to one of its sides for the attachment of ropes. Two ropes are 
used, one is tied to the closed narrow end of the trap and the other 
to the pole. A tikhau-ruh seen in the Imphal River was 7·5 ft. in 
length and 2t ft. in diameter. The funnel was 2! ft. in length and 
the bamboo pole 3! ft. The length of the ropes varies according 
to the stream in .which the trap is used (pI. xii, fig. 4). 

The method of using the trap is interesting and throws some 
light on the breeding season of Manipur fish. The open end is 
placed down stream during the months of February and lVlarch, 
whilst during September and October the same end is placed point­
ing up stream. According to the Manipur belief, the fish ascend 
the streams during February and 1Vlarch and descend during 
September and October. In using the trap, a long bamboo pole is 
fixed vertically in the middle of the stream. A rope from the 
narrow end of the trap is tied to the pole, while the broader end 
is attached by a second rope to a peg on the bank. 

Many other varieties of traps are used in the Loktak Lake. 
These, however, do not differ from those commonly used in Bengal 
and which have'been described by Anderson. l 

Other characteristic traps are used by the N agas and Mani­
puris for catching small hill-stream fishes. The lo-llt (pl. xii, fig. 3) 
of the Nagas is a funnel-shaped trap. with the narrow part greatly 
elongated and slightly dilated at the end. The bamboo sticks, of 
which it is made, have a spiral twist and are held in position by cane 
strings which run spirally fronl one end to the other. It is used 
in places where there is an abrupt fall in the water level. In such 
places the trap is fixed by means of a cane string and a peg, \vith 
its broad end pointing up stream. ~he narrow end is plugged 
with grass and small fish travelling with the current are carried 
into the trap. Owing partly to the rapidity of the flow of water 
and . partly to the fact that they are confined in the narrow neck 
of the trap, they are unable to escape. 

The Manjpuri lo-lu (pI. xii, fig. 2) is silnilar but shorter and 
more massive. Instead of a single cane string it has two which are 
tied to two pegs one on either side of the small channel of water in 
which it is used. The Manipuris often use this kind of trap in their 
rice-fields, where the water from a field at a higher level flows to 
another at a lower level. 

1 Anderson, Cat. Fish. Appliances, Bengal. (1883). 
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BASKET ApPLIANCES. 

Only two kinds of baskets are used for catching fish in the 
valley and one is of a type only to be found in the country border­
ing on the I%ktak Lake. 

The long (pl. xi, fig. 6), which is widely used all over the valley 
is bowl-shaped and is made of coarsely woven bamboo strips. The 
circular brim of the basket is formed of strong bamboo tied to the 
lower net-like portion by cane strings. A man using the basket 
dips it into the \vater and then disturbs the grass in front of it 
with his feet. The fish are thus driven in the basket which is, 
then, suddenly taken from the water and the catch transferred to 
an earthen pot which is carried tied to the waist. One of the 
baskets was measured to be 47 em. in diameter and 3I cm. in 
height. 

The second type of basket, the chigai-long (pI. xi. fig. 5) is 
saucer- shaped and is generally provided with a bamboo handle, thp 
machai. The basket is shoved underneath a floating island and 
the grass is disturbed from above. It is then quickly withdrawn 
and small fish and insects are taken from it. It is chiefly used for 
collecting insects for baiting purposes. One I examined was 85 
cm. in its longest diameter, I2 em. in depth and the length of the 
handle was 200 cm. 

I may here refer to a peculiar type of basket which is used 
for scooping out water. In marshy places the thick grass is cut 
with a long sickle and removed. The water is then scooped out 
with the basket, the ishto-machai (pI. xi, fig. 3) and the wriggling 
fish are caught with the bare hands. This method is employed 
for capturing Ophiocephalu,s harcourt .. butleri and Clarias batrachus. 
The measurements of one se~n at Thanga Island were: length of 
the handle I40 cm., the length of the basket 95 cm. and the depth 
of the basket I7 em. 

NETS. 

Besides the cast net and the big seine net, the well-known 
1Jtaha-ial o~ India, there are three peculiar types of nets which 
nlay be briefly described. 

The lungtharai machai (pI. xi, fig. 4) is like the shallow basket­
net, chigailong-1nachai. It is extensively used among Hydrilla 
plants on the Potsengbaum side of the Loktak. Lake. A long 
bamboo pole is used for disturbing the weeds and for throwing 
them off the net. The net without the handle or machai is also 
used like the long in various marshy places in the valley. 

The most characteristic net is the 1~lb-hungen-paura of the 
Manipuris. It consists of a rectangular net 7 to 8 ft. long and 3 
to 4 ft. wide. The net is spread out by two bamboo arches placed 
diagonally across it, each arch consisting of two pieces tied to­
gether in the middle. Where they cross, the arches are lashed 
together by a cane string in such a way that they can be folded 
together when the net is separated from them. A long bamboo 
pole is tied to the junction of the arches. In the Loktak Lake 
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the net is used by women from a boat. The bamboo pole is held 
between the thighs and is a1 terna tely raised and lowered by a 
peculiar movelnent of the right leg and both hands. In each 
boat there are two women, one of whom manipulates the net 
while the-other rows the boat and drives the fish into the net by 
beating the boat with a short bamboo stick. The peculiar noise 
thus produced is to be heard day and night at Thanga Island. 

The arrangement and the method of using the net is different 
in other parts of the valley. A rope is tied to the bamboo pole 
near the j unction of the two arches and the pole is loosely fixed 
in the ground to serve as a fulcrum. The net is lowered or raised 
by means of the rope. With this arrangement the net is called 
ilb-iu,ng-thauri (pl. xi, fig. I.). 

A kind of gill-net is also used in the Loktak Lake. Large 
pieces of pith tied along the upper edge act as a float, while the 
lead-weights attached to the lower edge keep the net vertical. 
The net is shot in a suitable place; the boats manoeuvre in the 
vicinity, herding the fish into the net, in which they are meshed. 

All kinds of nets used in the valley are provided with a 
small mesh only a few millimetres in width. 

FISHING ENCLOSURE. 

Big fishing enclosures are constructed in the Loktak Lake and 
sometimes large quantities of fish are captured in this way. A 
fairly big piece of a floating island is cut and drifted away to a 
suitable place and is fixed in position. by passing long bamboo 
poles through it into the bottom of the lake. The island thus 
fixed is allowed to remain in one position for several days. After 
some time an enclosure of bamboo poles and grass is built around 
it, a little higher than the level of the water to prevent fish from 
jumping out.. On the completion of the enclosure the floating 
island is cut into small pieces and cleared, but all the· small fish 
which Inay be present in the grass are carefully collected. After 
the surface is cleared of floating material, the water is made 
muddy by making buffaloes move in it in all directions. Different 
kinds of nets are used for taking the fish out, the most efficient 
being the ilb-hungen-paura. 

Near Thanga Island it is a common sight to see young boys 
and girls paddling a small piece of floating island to -their homes 
by placing their small boat across it. Near their home the island 
is fixed in position by long bamboo poles and serves to attract fish 
by reason of the shelter it provides. 

FISH SPEARING. 

The spears used in the valley are of two kinds, one with two 
prong;:;, the other with several (as many as eleven or more). The 
former is used in spearing ngapura;n (M onopterus albus), and is 
known as the Naga laou. It consists of two long bamboo sticks 
bearing iron prongs at one end and tightly fixed by wedges at 
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the other end inside the hollow of a thicker bamboo- which -forms 
the handle. The handle of the spear is about 8 inches -in length 

I 

a. b. 
TEXT-FIG, 6.-Drawings of models of 

fi~h spears. 
(a) Manipuri laou for spearing 

ordinary fish. .. 
(b) Naga laou for spearing eels, 

v./ hile the total length is five feet. 
The Manipuri laou is constructed 
on an entirely different.plan. -It 
consists of a fairly'long and thick 
bamboo pole, at one end of which 
several short sticks wit-h iron 
prongs at their ends are firmly 
fixed. Some of these are fixed 
inside the hollow of the pole, just 
as in the Naga laou, but others 
are tied all round it with a cane 
lasbing~ Bamboo splinters are 
wedged in between the prongs 
to keep them in position. This 
spear is chiefly used for catching 
big fish in the Loktak Lake. 
When a fisherman sees some -dis­
turbance in the grass, he throws 
his spear at the place. I was 
given to understand that as big 
nets cannot be used in the lake 
on account of the thick vegeta­
tion, all the large sized fish are 
captured with this speaI. 

HOOKS AND LINES. 

I did ngt see any fishing-rods 
in use in -Manipur, but I was in­
formed that a crude type of rod 
is used in the valley_ Peculiar 
bamboo hOOKS, sometimes tied at 
intervals to a long line were seen 
in use in the Loktak Lake. The 
books consist of thin bamboo 
splinters sharpened at both ends 
and notched in the middle for the 
lashing. They are very flexible 
and the bait, which consists of 
worms and insects or of small 

species of Barbus, is put on by bringing the two ends together. 
The efficiency of the hook depends upon the _ elasticity of the bam­
boo, for as soon as the fish has swallowed the hait, the hook opens 
out; the ends penetrate the side of the mouth oftenprottuding 
through the gill openings. Several scores of th~se hooks are used 
in making a line. 

----., ---~----.--.."--.-~-~-.,,.- ----
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EXPLANATION OF PLATE X, 

Nemachilus from Manipur. 

N enJachilus sikmaiensis J sp. nov. 

FiG. I. Lateral view of type-specimen, )( 2~ 

" tao Under surface of head of same, X 3· 

Nemachilus fJrashadl, sp. nov. 

FIG. 2. Lateral view of male specimen, X It· 
" 20. Under surface of head of same, X 3· 

N emachilus zonalternans (Blyth). 

FIG. 3. Lateral view of a female specimen, x 2. 

'J 3a. Under surface of head of same, X 3. 

Nemachilus kangjupkhule1Zsis, sp. nov. 

FIG. 4. ~ateral view of type-specimen, X 2,. 

'-' 4a. Under surface of head of same, X 3. 
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EXPLANATION OF PJ4 ATE IX. 

Fish from Manipur. 

. FIG. I. Lateral view of Barbus clavatus, McClell., (reduced) . 
" 2. Lateral view of Rhynchobdella dhanashorii, sp. nov. 

Lateral view of Mastacembelus manipurensis, sp. nov. 
Upper view of head of Nemachilus sikmaiensis. sp., 

nov., X 2%. 

Lepidocephalichthys irrorata, sp. nov. 

FIG. 5. Lateral view of type-specinlen, X It. 
,~ 5a. Under surface of head of same, X 2j-. 

" Sh. Upper surface of head of same, X 2-to 

Psilorhynchus sp., Hora. 

FIG. 6. Lateral view of immature specimen, X 

" 6a. Under surface of head of same, X 4*. 
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EXPLA.NATION OF PLA1'E XI. 

Manipuri fishing nets and baskets. 

Shows a girl manipulating ilb-fung-thauri, the charac­
teristic Manipuri net. A boy is seen using a crude 
type of fishing rod. 

Dam constructed by Manipuris in small streams for 
capturing fish that come to the surface. Notice 
especiall y the arra ngelnen t of chora -ruh and lusak. 

A type of basket, ishto-machai) used for scooping 
out water. 

Lungtha"rai-machai, a kind of net extensively used 
for capturing small fish in the Loktak Lake. 

Cht:gailong-machai, a fish-basket with a handle. 
Long, or the bowl-shaped fish basket. 
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EXPLANATION OF PLATE XII. 

Photographs of Manipur fish-traps. 

Photograph cf a model of kao. 

Photograph of an original Manipuri lo-lu. 
Photogra ph of an original N aga lo-lu. 

Photograph of a model of tikhau-ruh. 

Photograph of a model of chora-ruh and lusak, the 
latter telescoping into the former. 

,~ 6. Photograph fronl an original kalio-ruh, etc. Kalio-1 lHh 
is shown in the centre, covered by chikap. Two 
double bamboo pegs at the sides are au-ung. 

" 
7. Photograph of a model showing the arrangement of 

kalio-ruh, chikap and au-ung when used for captur­
ing bottom fish. 
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xx THE BANDED 
(VIVIPARA 

POND-SNAII~ OF INDIA 
BEN GAL ENS IS). 

By N. ANNANDALE, D.Sc." F.A.S.B., Director, Zoological Survey 
of India and R. B. SEYMOUR SEWELL, B.A., F.A.S.B., 

I. M .S., Surgeon Naturalist, 1 ndian Marine Survey 
and'lately Dffg. Superintendent, Zootog£cal 

Survey 011 ndia. 

(Plates I-III). 

PREFATORY NOTE. 

In writing this paper our main obj ect has been to provide 
an introduction to the systematic study of the freshwater 
Gasteropod molluscs of' India. In no single species had the 
anatomy of the animal been studied in detail, and very little was 
known about the life-history of anyone form. Even for the 
common European species comparatively little information was 
available, and thele is much indirect evidence th~t, in bionomics at 
any rate) considerable differences exist between tropical molluscs 
and those of temperate climates allied to them taxonom~cally. 
In the circulnstances a minute comparative study "vas impossible 
and we have thought it better, while citing all relevant references' 
to literature available to us, to deal precisely with one species as 
an isolated unit in the fauna, rather than to generalize on resem­
blances and differences prematurely. In only one part of the 
paper has this system been departed from to any great extent, 
namely in that on the edge of the mantle and the ornamentation 
of the shell. Here the comparative method was inevitable within 
the limits of the family, and it so chanced that abundant material 
was available both fronl within the limits of the Indian Enlpire 
and from a Chinese district on its eastern . confines. 

Our work has been undertaken in connection with the survey 
of th~ freshwater molluscs of India inaugurated at the request of 
the medical authorities in I918 by Dr. S. W Kemp and one of 
ourselves. There is one point to which we invite attention-that 
our paper is taxonomic in intention, but could have been prepared 
only in India and not without.a study of the anatomy and biono­
mics of the species with which it deals. It has been held that sys­
tematic zoology is incompatible with bionomics and that different 
types of mind are necessary in their study. Against such views we 
protest. They are a libel on taxonomists, if not on taxonomy. 

Our thanks are due to the artists of the Zoological Survey of 
India for the great help they have given us in the preparation of 
text-figures and plates. 
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PART I.-ANA1'OJ.\!IICAL. 

By R. B. SEYMOUR SEWELL. 

'fhe body of V ivipara bengalens";s, as in practically all Gastero­
pod nl011uscs, is composed of three distinct parts or regions. In 
the fully-expanded animal the central portion forms a somewhat 
conical-shaped foot, by means of which the animal is able to crawl 
over the supporting surface. When fully· extended the central 
aspect of the foot or sole is, roughly speaking, a broad oval, 
rather broader in front than behind J with a crescentic anterior 
margin. In young exarnples the shape of the sole is more elongate 
and tapers behind to a rounded point. In colour the sole is 
slate .. grey, dotted over irregularly with spots of golden yellow 
pigment, and just within the anterior Inargin is a narro"v but 
distinct line of d.emarkation) indicated by a grey streak, which 
corresponds to a groove between the more heavily pigmented 
anterior fleshy border and the less pigmented muscular sole. 
Above the expanded sole the foot rapidly tapers and on the upper 
aspect of the posterior region is situated the horny operculum. 

The operculum is roughly oval in shape tapering somewhat 
towards its right side, l so as to adapt it accurately to the shape of 
the mouth of the shell. It is horny in structure and is composed 
of a number 'of concentric layers so that it is considerably thicker 
in the centre, where the opercular muscle is attached, than at the 
margin, which is often some\vhat frayed and irregular in outline. 
The "nucleus is situated excentrically about one-third of the 
distance from the anterior margin. The colour varies in different 
regions: around the nucleus it is a deep red-brown and immediately 
external to this is a narro\v band of a pale yellow colour: outside 
this again the colour often deepens to a golden brown, while the 
extreme margin is of a blackish tint. The operculum is not 
absolutely fiat, but is somewhat depressed' in the central region 
owing to the pull of the columellar muscle. On the body aspect 
or lower surface the central portion of the operculum is occll:pied 
by the muscular scar to which the opercular muscle is attached. 
Surrounding this is a smooth ring) which during life is in close 
apposition to a thin fold of glandular tissue (vide Simroth, 1896-
1907, pI xviii) fig. 16}. In the living animal this fold alnlost 
exactly covers the whole of the body surface of the operculunl 
lying outside the scar: owing to the muscle scar being slightly 
asymmetrical, the folrl is somewhat broader on the right side than 
on the left. It is by the gland cells of this fold that the operculum 
is secreted. 

I In the following description the terms right and 1eft, anterior and posterior, 
etc., refer to the position in the fully extended condition of the animal. 



2I8 Records of the I ndian Museum. [VOL. XXII, 

The main mass of the foot is divided, into two layers. The 
lower layer, which fornls the sole and consists of soft greyish­

coloured spongy tissue J is tra­
versed by a net,vork of nluscle­
fibres, which is in turn covered 
by a layer of columnar epithelium. 
[I t is this tissu e that forms th~ 
whole surface on which the ani­
mal crawls]. The upper and 
posterior portion of the foo't is 
composed of white nluscle-fibres. 
Tltis mass of muscle, which arises 
fronl the operculum, becomes 

FIG., I.-Living n1ale of V. bengalell- continuous with the columellar, 
sis as seen froll1 bela\\'. 

muscle, which, runs upwards in 
the, floor of the mant1e chamber and is inserted into the 
colunlella about half-a-turu of the spiral above the mouth of 
the shell. Between the sole and the opercular muscle is a layer 
of tissue, consisting of a somewhat open reticulum, the meshes of 
\vhich enclose numerous irregular spaces, and lying free in these 
are oval or rounded deeply-staining bodies, which closely resemble 
starch grains. Similar bodies are also found. scattered through the 
r~ticulate tissue of the edge of the mantle. Between the two 
tissues of the foot the pedal nerves and the terminal· portion of 
the cephalic artery pass backwards, and the central region is also 
occupied by, a large venous sinus, running antero-posteriorly in 
the middle line. 

The anterior part of the body forms a well-marked (head,' 
which is produced for",,'ards in the middle line iti a short trunk­
like snout, on the anterior and central aspect of which lies the 
oral aperture. Projecting upwards and forwards on either side of 
the base of -the snout is ~ slender tapering tentacle. Each tentacle 
arises from a short thick base which is produced on the outer side 
in a short ,vide pedicle bearing at its tip a well-marked globular, 
pigmented eye. Each eye is hemispherical in outline and is situ~ 
ated 911 the anterior and inner aspect of the pedicle. It consists 
of a clear cornea superficially, which is usually outlined with golden 
yellow pigment, and the optic cup is lined by a black, heavily-
pigmented retina and encloses an almost spherical lens. " 

In the female both tentacles are synlmetrical, but in the male 
the right tentacle is somewhat thickened and is curved in a sickle­
shaped manner. In this latter sex this tentacle is traversed through­
out its whole length by the ejactulatory duct, which opens through a 
snlall orifice at the extrelne tip. The whole tentacle forms an intr9-
mittent organ or penis. Immediately behind and below the base of 
the tentacles the body surface is produced on either side in a fold­
the epipodium. On the left side, the epipodium is triangular or 
quadrate in shape and is prolonged backwards along the side of 
the head almost to the point of origin of the, Inantle. On the 
right side the epipodiuln is more complex. Immediately below 
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and to the outerside of the tentacle is a sm.all narrow fold with a 
rounded anterior margin and a free external border; this forms a 
gutter in which the basp 
of the right tentacle anrl 
the right eye rest. As we 
trace the fold forwards 
and backwards it is seen 
to commence on the under­
surface of the snont close 
to the junction of the 
snout and foot, it then 
runs backwards along the 
right side of the snout FIG. 2.-Living V. bengalensis extended 
and near the base of the from the shpll as fully as possibly. 

tentacle it curves out-
\vards and forwards and becomes continuous with the syphon. 
'fhe syphon is fortned by a thin leaf-like process the two edges 
of which are curved upwards so as to fornl a tube, which is 
exhalent in function. The nlouth of the syphon looks outwards 
and do\vnwards and when fully extended, backwards. The inner 
fold of the syphon is continued backwards and becomes continu­
ous with the branchial fold, which passes backwards and towards 
the left on the floor of the branchial chatnber. The whole of the 
upper surface of the foot and the head as well as the epipodia 
and syphon are covered with ciliated epithelium the only region 
devoid of cilia is the clear cornea of the eyes. The head is 
heavily pigmented with black, variegated with dots and splashes 
of golden-yellow in varying degrees of intensity. In examples 
taken from the tank in the Indian l\luseum compound the snout 
i5 frequently an alnlost uniform black, l:1nrelieved by any lighter 
pigment and in some cases the tentacles are alternately banded 

. in yellow and black. The syphon is as a rule of a golden colour. 
The part of the body enclosed within the shell is the visceral 

hump and in a fully:.grown example possesses 5!-6 spiral whorls. 
The skin covering the visceral hump also shows a certain degree of 
pigmentation, which varies however· in different areas as well as ill 
different individuals. In the upper whorls it is often of a deep 
black colour, while in the lowest or body-whorl the pigment usually 
follows the lines of the blood sinuses J but as a rule the males are 
more heavily pigmented than the females. The upper Zi-3 body­
whorls are occupied by the liver and the stomach: this latter 
organ appears on the surface between the lobes of the liver on the 
right and posterior aspects of the 3rd body-whorl. The penulti­
mate body-whorl, "vhen viewed from above, is seen to be occupied 
on the left side by a loop of intestine, in front of which is an area 
of thin skin separating it from the kidney and the upper end of 
the testis in the (jt or the albumen gland and shell gland in the ~ 
The whole of the lowest or body-whorl is occupied by the bran .. 
chial chamber, and a series of organs extend throughout its whole 
length attached to its thin roof. On the extreme left of the 
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branchial roof, running obliquely forward from left to right, is the 
line of attachment of the gill, and close to it in front and to the 

st.·.·········. 

_~····."nt. 

.••. l.(.... 

.--.;;.:~-··~ .... pr.s. 

"..m ...... ·· 

FJG. 3.-Vivipara bengalensis: view of the 
visceral hump from above. af. g.v., afferent 
gill vein; alb.g., albumen gland; e.s.g., egg­
shell gland; gb., gill base j int., intestine j k., 
kidney j l.s liver j mnz., tnantle margin show­
ing traces of processes; osph., osphradium; 
pr.s., perirectal blood sinus ~ r., rectum; st., 
superficial area 0'£ stomach; u., 'tt., upper and 
lower parts of uterus. 

left and extending back 
for only a comparatively 
short distance from the 
mantle margin is an opa­
que whitish-yellow narrow 
streak, which denotes the 
posi tion of the osphradi­
urn, while extending for 
the whole distance along 
its right and posterior 
border is a brown band, 
the branchial gland. On 
the extreme right of the 
branchial cavity in the 
cI' is the crescentic spi­
rally-twisted testis, which 
is usually of a bright yel­
low or orange colour, 
though this character is 
often obscured by the 
dense black pigmentation 
of the skin; in the 2 
this position is occupied by 
the thin-walled distended 

uterus, which seems invariably to contain eggs and young in the 
sexually mature examples, no matter at what season of the year 
they are taken. To the left of the uterus is a narrow clear line 
which denotes the course of the ureter, and beyond this again is a 
broad brownish band, indicating the course of the rectum. The 
central portion of the roof of the branchial chamber is thin­
"raIled and is traversed by numerous blood-sinuses which com .. 
mence in the perirectal sinus on the right and pass transversely 
across to the left to open into the afferent gill vein which runs 
along the course of the branchial gland. The free edge of the 
mantle underlies the peristome of the shell, and is thickened and 
covered with ciliated epithelium. In young specimens it is 
produced into a series of blunt finger-like processes, which are' 
usually of a golden-yellow colour (vide infra). These tend to 
disappear as age advances, but traces of them can still be made out 
in the adult. There is often a quite noticeable one situated on 
the tnantle margin opposite the commencement of the gill, and the 
yellow pigment-splashes on the mantle margin possibly denote the 
former positions of others that have since disappeared. 

Immediatly behind the free edge of the mantle, running 
parallel to it, is the shell-gland. This is most highly developed, as 
one would naturally expect, during early life, when the rate of 
gro,vth is nlost rapid. A sitnilar band exists in Vivipara vivipara 
and has been noticed by Villepoix (1895, p. 513). Laterally the 
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mantle, where it joins the sides of the body, is thickened owing to 
\ving-like expansions of the body muscle which pass outwards and up­
wards within its substance. Posteriorly the edge of the mantle is 
continued round the lower aspect of the body, between it and the 
upper surface of the foot, as a narrow pigmented ridge. Running 
upwards in the floor of the branchial chamber is the branchial 
fold. This structure presents a somewhat different appearance in 
the two sexes. In the female it forms a thin crenated fold, \vhich 
passes upwards to the extreme apex of the branchial cavity, and 
finally becomes cloRely connected with the upper end of the gill 
immediately in front of the pericardium. Below, it is continuous 
with the left fold of the syphon and the. ridge passing forwards 
beneath the right tentacle on the right side of the snout. 'fhrough­
out its ,vhole length it bears on its right side a small subsidiary 
ridge or fold, \vhich is usually of a brown colour and which 
lodges a blood sinus. In the .male the ridge consists of a stout 
basal portion, \tvhich,is surnlounted by a thin lamella. The reason for 
this difference in the two sexes lies in the fact that in the cjI this 
ridge accommodates throughout almost its entire length the vesicula 
seminalis. According to Moore (190I J p. 470, note to fig. I, pI. 
xxv) in the closely-related mollusc, N eothaul1za tanganyikense, 
Smith, this ridge serves as a protection for the gill against damage 
from pressnre against the distended uterus and contained young, 
and is better developed than in Vivipara vivipara. It is always a 
matter of some difficulty to compare living examples of one species 
with the published descriptions and figures of others, but it seems 
to me that in V ivipara bengalensis this branchtal fold is every whit 
as well developed as in N eothauma tanganyikettse, and a study of 
the living animal has convinced me that lVIoore is wrong in his 
view of its function. If a fully-expanded example Qf V bengalensis 
be exanlined in the live state, it will be seen that the branchial 
fold extends vertically, inclining slightly to the right from the 
floor of the branchial chamber till its upper free border almost if 
not actually reache~ the roof of the chamber, thus dividing the 
branchial chamber into t·wo almost completely separate parts. 
On the left of this ridge is a wide cavity the upper and left wall of 
which is formed by the gill, and a little behind the mouth of the 
shell, the tips of the gill-filaments are in close -apposition to the 
free border of the fold. A transverse section about half way up 
the body-whorl shows that the tips of the gill-filaments may 
actually pass across above the upper edge of the fold and proj ect 
into the cavity on its right side. The cavity to the right of the 
branchial fold is never conlpletely occluded by the uterus; there 
is always a free interval between the two which becomes con­
tinuous below with the syphon tube. The rid-ge is covered with a 
tall columnar ciliated epithelium, very similar to that covering 
the gill lamellae and the margin of the mantle. The presence of an 
equally well-eJeveloped branchial fold in the male indicates that 
Moore's explanation is not the true one and I entirely agree with 
envier (I817, p. _6) that its function is respiratory, though it is 
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"vell kno"vll that the syphon is exhalent and not inhalent as he 
supposed (l.c., p. 4). 

The middle portion of the mantle is, as has already been 
luentioned, thin, and by carefully cutting through along this line 
and everting the two sides we are able to see the various structures 
contained within the cavity. The left side of the mantle is the 
same in both sexes. Commencing in the middle line in front and 
running backwards and to the left is the line of attachment of the 
gill. This is of the pectinate type and comprises roughly some 
three hundred filaments. Each filament or plate is of an elongate 
triangular shape, with a narrow base of attachment and tapering 
towards its extremity. The basal attached portion is to the left 
and the free nlargin of the gill1ies towards the right side. Each 
gill-filament is covered with ciliated epithelium. Immediately on 
the right and, owing to the oblique course of. the gill, a little 
posterior to it, is a raised, brownish-coloured ridge, the hypo­
branchial gland, which extends upwards along the whole length of 
the gill-base. It is covered with a tall columnar epithelium' and 
lying inl1nediately above it is a large blood sinus, the afferent 
gill-vein, which collects blood from the viscera and conducts it to 
the gills, where it is aerated. To the left and in front of the gill 
and extending backwards from just behind the edge of the. 
mantle to a point about one-third the length of the gill is a raised 
narrow ridge of a whitish yellow colour; this is the osphradium, 
and from its upper end ~ narrow white line is continued upwards, 
parallel to the gill-base as far as the extreme apex of the mantle 
cavity. As already mentioned, the mantle cavity is diVided into 
right and left halves by the branchial fold. Water entering the 
mantle cavity passes into the left of this fold, and having 
traversed the branchial chamber passes out again down the right 
side and through the syphon. From the position of the osphra­
dium, which commences a little to the left of the middle line and 
runs' out'wards and back\vards on the left and in front of "the gill, 
it is evident that all the water entering the cavity must first pass 
over the osphradium before it can reach the gill-filaments. The 
osphradium forms a very sensitive sensory organ. It is covered 
\vith ciliated epithelium and on its gill-surface it bears a number 
of small microscopic pits, which are also lined by columnar epithe­
liunl. These pits are difficult to see in the natural state, but in 
some <;ases indications of them can he made out owing to the mouths 
being faintly outlined \vith yellow pigment. The organ is supplied 
by a special nerve or series of nerves, the osphrad.ial nerves, which 
arise from the anastomosis between the mantle nerve, conling 
from the left pleural ganglion and the first gill-nerve arising from 
the supraintestinal ga11glion of the right visceral nerve (for a 
detailed account of this organ in Vivipara vivipara see Bernard, 
1890 , pp. 244"250). 

On the right of the mantle chamber are the rectum and ureter 
and, in the female, the uterus also. These pass down close 
together on the right wall of the mantle chamber and open close 
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to the mantle margin in the angle formed by the roof and floor of 
the cavity opposite the syphon, so that all excreta are at once 
carried out of the ch~mber away from the body. 

In the female the uterus and ureter open close together. 
These two ducts run down side by side on the extreme right of the 
branchial cavity, the ureter being to the left of the uterus, and 
the rectum lying above and to the inner side of the ureter. The 
terminal portion of the uterus is known as the vagina: it forms a 
prominent rounded papilla, the walls of which are thick and 
spongy, and the orifice is situated at its apex. This orifice is 
extremely dis tensile and in the contracted condition is oval or 
slit-like. The aperture of the ureter lies above and to the outer 
side. of the vagina. It is much smaller and is provided ,vith a 
sphincter muscle. The rectum passes down above and to the 
inner side of the ureter, it 1'5 continued further forward, to\vards 

t.i.· .. v ......... 

FIG. +.-Vivipal'a bengalensis, view of the right half of the bucc~l cavity, 
~ut in the sagittal plane. be. buccal cavity; br.f. branchial fold i t.J., lateral 
<:hitinous jaw j m., mouth aperture j ad., odontophore; oes., oesophagus; 'rad.s., 
radular sac; t1f., transverse fold above and behind odontophore; ves.sem., \'esicul;:} 
seminalis cut in oblique section. 

the mantle margin than either the uterus or ureter and having 
passed the terlninations of these ducts it bends downwards and to 
the right and opens at the tip of the anal papilla. The terminal 
papilla and orifice of the anus is usually of a bright golden-yellow 
colour. 

In the male, the rectum and ureter occupy the relative 
positions as given above, but the position of the uterus is now 
occupied by the orange yellow testis. 

The Alimentary Syste1n. 
The mouth is situated ventrally at the anterior end of the 

snout and forms an oval aperture, bounded by fleshy lips, between 
\vhich the radula is thrust out during the process of feeding with 
a rotary motion from above downwards. The mouth leads back .. 
,yards and upwards into the cavity of the buccal mass and 
.each lateral wall is furnished with a low ridge, running from above 
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downwards and backwards. These ridges are yellowish in colour 
and are armed with a 'simple chitinous plate. The buccal mass 
is hearf-shaped. In front it becomes continuous with the lips of 
th~ Inouth, while behind it is produced in two ventral and posterior 
rounded prolninences, between which lie the radular sac below 
and the oesophagus above. The buccal mass is plentifully supplied 
with muscles. On cutting through the skin in the middle line of 
the dorsum of the head and reflecting it outwards, numerous 
delicate strands of muscle, the protractors, can be seen passing 
backwards from the sides and dorsum of the skin of the snout to 
the buccal mass. Below the buccal mass a pair of rather stouter 
bands passes downwards and forwards to the skin. 1~hese are the 
depressors. The anterior region of the buccal n1ass is plentifully 
supplied with intrinsic muscles" as follows :-

(r) Superficially and somewhat towards the ventral aspect on 
each side is a fan-shaped muscle, which arises by .a 
narrow tendon from the lateral region of the ventral 
aspect and spreads out fan-wise as it passes forwards 
to be inserted into the oral tube. 

(2) Immediately deep to this is a sphincter muscle, the fibres 
of which run .concentrically around the tube. 

(3) A band of muscle, rather narrower behind than in front, 
arises from the sides of the buccal mass, immediately 
posterior to the buccal nerve, across which it passes for­
wards, spreading out to be inserted round the oral tribe. 

Two pairs of strong muscles, the fibres of which are of a 
shining white colour in contradistinction to the fibres of the 
preceeding muscles which have a reddish tinge, arise from the 
main muscle mass of the body and pass forwards to be inserted 
into the buccal mass. These are the anterior and posterior 
retractors :-

(4) The anterior retractors are inserted into the anterior 
ventral aspect of the buccal mass by narrow tendons;. 
passing backwards side by side they cross the pedal 
commissure dorsally and can be seen to arise from 
the main muscle mass near the base of the antennae. 

(5) The posterior retractors arise from the main mnscle mass 
and pass forwards and slightly upwards external to the 
pleuro-pedal commissure of the central nervous system. 
I-Iere each gives off a slip to the lateral wall of the 
oesophagus. It then continues forwards internal to the 
cere bro-pedal commissure and finally joins the side of 
the buccal Inass as a fine tendon which can be traced 
forwards below the buccal ganglion and ends in a 
delicate expansion internal and de~ply to the muscle' 
(3) noted above. These two muscles are not quite 
symmetrical for tha t of the left side arises from the 
main muscle mass of the body at a higher level than 
that on the right. 
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A series of small- muscle strands, usually three in 
numb'er, arise close to the origin of the above muscle and 
pass forwards and upwards to be inserted into the 
surface of the rad ular sac. 

The upper wall of the buccal Inass is thin and on cutting 
through it in the antero-posterior line we get a view of the buccal 
cavity. In the middle line in front arising from the floor is a 
stout pyrifornl mass the narrow end of which projects upwards 
anq. forwards; this is the odonte>phore and it can be seen to carry 
the radula which disappears posteriorly into the radular sac. The 
radula is a yellowish narrow ribbon, which carries a series of small 
spinose teeth. These teeth are divided according to their position 
and dentation into three series. In the middle line is the tnedian 
row) consisting of a single central tooth ~ as it is called. The 
anterior border of this tooth is recurved and is cut into a 
series of denticles. There is a wide rounded ntedian denticle 
and five smaller triangular denticles on either side. On each 
side of the central tooth are a pair of laterals. In both 
cases "ve get the rounded median denticle and a series of 
stualler triangular or claw-like denticles on each side of it. 

FIG. 5.-Radular teeth of V. bengr:-lensis. 

As a rule there are five of these claw-like denticles on either 
side of the median denticle in each of these teeth, but occasionally 
we find that there are six denticles on the outer side of the second 
lateral tooth. This va:riation may occur in a portion of a radula 
the rest of which sho\vs the normal condition. The marginal 
tooth is usually curved in wards towards the middle line, and bears 
on its nlargin a uniform series of small denticles. In SOlne cases 
as in the radula figured, there may be a broad sharp extra denticle 
at the extreme margin. The radula of Vivipara bengalensis was 
figured by Fischer (1887, fig. 499, p. 732), but a comparison of his 
figure with that given above will render unnecessary any apology 
for refiguring it here. 

Lying behind and 'above the odontophore is a transverse fold 
with a crescentic anterior margin, the median portion of which is 
somewhat thickened and is sligqtly notched. Each lateral wall 
of the buccal cavity is thick and swollen and contains a carti­
laginous mass-the odontophoral cartilage. Each cartilage is 
rOllghly oval in shape, the anterior end being somewhat more 
sharply rounded than the posterior, and is concavo-convex, the 
concavity being towards the middle line. The lower border is 
thin and is curved inwards. From the outer asp'ect a little belo\v 
and behind the centre of the cartilage numerous muscle-fibres 
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arise and spread out in the lateral walls of the buccal mass. At 
the posterior end of the buccal mass beneath the oesophagus lies 
the radular sac, in which the radular ribbon is secreted. It is a 
short stout tube having a somewhat dorsally directed nipple-like 
posterior end. Above the odontophore the cavity of the buccal 
mass is hour-glass shaped the upper portion having a very thin­
walled- roof. Opening into the cavity are the ducts of the salivary 
glands. 

The salivary glands are irregular asymmetrical racemose 
glands, consisting of a number of branching and anastomosing 
lobules. It is impossible accurately to separate the gland into right 
and left portions, and hence in this respect V ivipara bengalensis 
offers a marked contrast to N eothaul1za tanganyikense in ,vhich the 
salivary glands are separate and form compact lobulated nlasses 
(vide Moore, 1901., fig 2, pI. xxv). The main mass of the salivary 
gland lies on the dorsal side of the oesophagus behind the central 
nervous ring and is intimately bound up ,vith the supra-oesophageal 
nerve as it crosses the oesophagus frotTI right to left. A pair of 
delicate narrow salivary ducts arise anteriorly and pass forwards 
beneath the cerebral commissure. 

The oesophagus is thin-walled and usually presents a greenish 
appearance due to its contents. It passes back,vards and to the left 
and then turns towards the right again to pass up the columellar 
aspect of the visceral hump. During its course backwards in the 
floor of the branchial cavity it lies beneath the branchial fold and 
above the main muscle mass: on its left side lies the supra­
intestinal nerve, and during this part of its course it lies in a well­
marked venous sinus and is in close relat.ionship to the cephalic 
aorta. At the posterior end of the mantle cavity the oesophagus 
passes upwards in the floor of the pericardial chamber and '50 

reaches the liver. Finally in the upper part of the visceral hump 
the oesophagus curves round and opens illto the stomach. This 
is a wide cavity occupying the third and fourth whorl. On 
cutting away the superficial ,vall of the stomach the cavity is seen 
to be incompletely divided into three regions, of \\'hich the upper 
two represent the cardiac portion of the stomach, while the lower 
part is the pyloric cavity. 'fhe junction of oesoph~gus and stomach 
is marked by a crescentic fold, just beyond which lies the orifice of 
the duct from the upptr lobe of the liver. On the inner aspect,. and 
dividing the cardiac region into two, is a broad longitudinal fold 
\vhich passes down",rards, and which carries a well-marked blood 
vessel. Below, this ridge divides into right and left fords which 
diverge and fortn the line of separation between tl1e cardiac and 
pyloric regions. In the right half of the cardiac rhamber the wall 
of the stomach is thrown into a series of longitudinal parallel folds, 
each fold being marked with a brown streak. The lower portion of 
this cavity is lined by a thin layer of chitin, which becomes thicker 
and more marked over the ridge separating the cardiac and pyloric 
cavities. 

The pyloric portion of the stotnach is a ,vide cavity that 
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gradually tapersto\vards its lo\ver end. Running across the 
posterior wall isa doube fold, of \vhich the upper lip is often 

......... ·hd. 

r.~ ... ·.· ....... i nt . 

much more prominent 
than the lower. Between 
th,ese two folds is a nar­
ro~ gutter into whIch the 
ducts of the right and left 
lobes of the liver open. 
The junction of stomach 
and intestine IS very 
clearly defined oWlng to 
the different character of 
the lining Inucous Ule'm­
brane. 'rhe stomach is 
lined by tall columnar 
ciliated cells, which give 
the \vall a soft velvety 
appearance, whereas the 
intestinal wall has a Y'el~ 
lowish colour and is lined 
'\vith a layer of chitin 
,vhich gives it a smooth 
bluish metallic look. FlG. 6 .~ Vi1Jipaya bengalellsis view of inner 

wan .of gt!stric ,cavity aft1er remo\al of .~uperfi-
The·liver, owing to the clal wall. hd., openings of hepatic ducts ; 

bulging of the :stomach int., intestine; y", rectunl. 

on its outer surface and 
the p,assage through it . internally of the oesopbagus, is incom .. 
pletely divided into' three lobes, an apical, occupying the upper 
turns of the spire, and a right and a left lobe inferiorly. The 
organ has a golden brown colour, which is, however, frequently 
obscur,ed oWing to heavy pigmentation of the overlying skin. It 
is a racemose gland, with ,elongate acini the tips of which reacJ:1 
the surface. Each acinus is hollow and is lilled with a columnar or 
cubical epithelium. Each lobe is furnish'ed with a separate duct, 
that of the upper lobe opening into the left part of the cardiac 
portion of the stolnacb, while the ducts of the right and left lobes 
open on the posterior wall of the pyloric c:a vity -between the folds 
noted above. According to Leydig these folds probably serve to 
legulate the flow of bUe. 

The intestine pass~s forwards and to the right in the p,enul ... 
timate body-whorl and then turns sharply back again, forming a 
loop which overlies the pericardial cavity. In the first part of 
its course the lunlen gradually narrows: it is lined by a yellow .. 
eoloured epithelium covered with a thin chitinous layer and 
running along its posterior aspect is a gutter with tl,eshy lips \vhich 
are pigmented brown,. At the apex of the loop, the character of 
this gutter becomes some'what modified and the right-hand fold 
becomes proportionately larger and llOW appears to form a longitu .. 
dinal ridge or typhlosole projecting from the posterior walL The 
intestine having 'again reacbed the live.r turns sharply for""ards 
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once more and is now continued on as the rectum. It passes 
forwards on the right of the whorl, lying on the surface; in the 
Q it is in close apposition to the albulnen- and shell-glands J and 

passes downwards and forwards immediately to the outer side of 
the kidney and the first part of the ureter. In the body-whorl it 
passes forwards, as we have already seen, in the roof of the 
branchial chamber and opens at the anus. In this latter part of 
its course its walls are thrown into nunlerOllS transverse folds. The 
contained faeces are moulded into snlall oval cotnpact massese 

The Vascular SYStf,l1t. 

The heart lies in the pericardial chatnber at the apex of the 
bl'anchie1 cavity and on the inner side of the penultimate body .. 
"vhorl. It is a closed cavity the walls of which are in places 
extremely thin and delicate and hence are very liable to become 
torn or ruptured. On its inner aspect the pericardium is separated 
from the shell only by thin membrane, above" and in front 
it is bounded by the kidney, and above and behind is the loop of 
the intestine and the Ii ver; on its right or outer side lie the 
genitalia and-the rectunl; while below it lie the oesophagus, the 
ternlination of the supra-intestinal and sub-intestinal nerves and 
the splanchnic ganglion and, in the female, the loop of the oviduct. 
On its outer and upper aspect the cavity of the pericardium com­
municates with" the kidney through the reno-pericardia1 opening, 
the position of which will be studied when dealing with the kidney 
itself. 

The heart consists of two chambers. Anteriorly is the soft­
walled whitish-looking auricle, the wa1ls of which are usually 
thro~'n into a series of irregular folds. In almost every adult 
exalnple examined, the auricular wall was seen to contain a 
number of small round white bodies. These are cysts of an 
Echinostome }\ganl0distonle and are present in sttch large num­
bers that they n1ay almost fill the whole organ. The wall 
of the auricle is thick and glandular, and is said to form 
the haematic gland that is present in other molluscs (vide 
Perrier, 1889, p. I78). The ventricle lies posteriorly and is a 
rounded body of a pale brownish colour and its walls are thick 
and muscular. The auriculo-ventricular aperture is tube-like and 
projects into the cavity of the ventricle. Frotrl the inferior aspect 
of tl1e ventricle arises a short wide aorta. In V ivipara vivipara 
(vide Perrier J 1889, pI. viii, fig. 38 x.) there is said to be a valve­
like flap at the point of origin of the aorta from the ventricle) 
\vhich prevents the regurgitation of blood during the ventricular 
diastole. Leydig (I850, p. 170) on the other hand states that there 
is a cresentic valve situated between the auricle and ventricle. 
In Vivipara bengatensis I have failed to find any indication of 
either. The common aorta almost at once bifurcates into two 
\vide' trunks, which run in opposite directions. One branch, the 
cephalic aorta, passes forwards and downwards to the inner side of 
and close to the oesophagus. In this position it passes forwards 
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below the floor of the mantle cavity and high up in the chamber 
it gives off a large branch that diverges towards the left side and, 
where the mantle 
margin merges in to 
the foot, breaks up 
into branches. 'rhe 
main trunk of the 
cephalic aorta is con­
t.inued on, crossing 
beneath the oeso­
phagus to reach its 
right side. In th is 
situation it has the 
sub-intestinal nerve J 

lying in a blood 
sinus, on its right 
and in the d' the vesi­
cula seminalis lying 
directly above it .. 
At the anterior end 
of the branchial 
chamber it comes 
into relationship 
with the radular sac, 
and passes forwards 
on its right side. It 
then dives ventrally, 
and below and be­

a~b.g.···· 

---Spit. 

rp,a 

FIG. 7.-Vivipara bengale1Zsis, view of the pericar­
dial chamber. The loop of intestine has been turn­
ed over to the left side and the kidney downwards and 
to the right. alb.g., albumen gland; aur., auricle; 
es.g., egg-shell gland (receptaculum seminis) ; h.a., 
hepatic aorta, int., intestine; k. kidney; I., liver; 
oes., oesophagus i ov.d., oviduct; r., rectum; r.o., 
renal orifice into ureter; 1'P.O., reno-pericardial open­
ing; sp.n., supra-intestinal nerve i U., uterus; ven., 
ventricle. 

hind the pedal conlmissure it gives off a branch to the snout and 
then divides into anterior and posterior branches which run to the 
respective regions of the foot. Throughout its course beneath the 
branchial c:hamber it gives off a number of fine branches to the 
muscles of the body. 

The hepatic aorta passes upwards and backwards in the floor 
of the pericardial cavity, imtnediately to the left of the oeso­
phagus. It almost at once gives off a large branch which passes 
at first slightly inwards and upwards to reach the lower wall of 
the intestine, where it subdivides into two main branches. One of 
these curves forwards and runs along the under aspect of the first 
part of the intestine, supplying branches to it, and the main vessel 
passes at first forwards as far as the bend of the intestine and then 
continues on along the second part of the intestine, lying immediately 
beneath the typhlosole-like ridge ~on its under aspect. The other 
branch curves forwards and to the right, crossing behind the 
oesophagus, and sends branches to the testis in the d' In the 9 , 
after supplying branches to the albumen and shell glands, curve~) 
backwards and to the left and reaches the wall of the uterus 
where it finally divides into ascending and descending branches, 
the latter bf which is much the longer and larger of the two and 
runs down the ventral wall as far as the point where the wing-like 
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expansion of the body tnuscle meets the nlantle tnargin. The 
main hepatic artery is continued upwards between the liver and 
stomach, where we have already noticed it lying in the longitu­
(linal fold on the posterior wall of the cardiac portion of the 
stonlach, and ends in branches supplying the liver in the apical 
whorls. 

The venous system consists very largely of wide spaces or 
sinuses, \vhose walls are very thin and in consequence are very 
difficult to define. Occnpying the central portion of the foot, between 
the dense white muscle l.nd the grey spongy tissue of the sole, 
is a wide irregular sinus, the blood from which, according to Leydig, 
passes upwards and backwards to reach the venous sinus on the 
ventral posterior aspect of the kidney. This sinus appears to 
be joined at the left posterior angle of the kidney by a venous 
sinus, which runs up the right side of the branchial fold in the 
floor of the mantle cavity> and it is also joined by a sinus crossing 
from right to left along the posterior and upper margin of the 
kidney and having its origin in the perirectal sinus. The con­
joined vessel passes down superficially on the left side of the 
kidney between it and the branchial gland. This vessel is known 
as the afferent gill-vein. Lying to the right of the kidney in the 
body-wall is a large sinus which receives blood from the organs 
lying in the upper coils of the visceral hump; this passes down­
wards and at the apex of the kidney joins the afferent gill-vein 
that we have already seen passing down the left margin along the 
branchial gland. The afferent gill-vein can be traced down the 
whole length of the branchial gland on the right of the gill-base 
almost as far as the mantle margin; below the level of the kidney 
it is joined by a further series of small branches which arise from 
the perirectal sinus and pass across the thin median portion of the 
mantle r.oof. The perirectal sinus also received tributaries in the 
female from the wall of the ·uterus. The afferent gill-vein supplie~ 
branches to the gill-filament" and the blood after being aerated 
returns to the efferent gill-vein which lies 'on the left side of the 
base of the gill, this vein passe" from below upwards and at the 
apex of the mantle cavity opens into the cavity of the auricle. 
A large vein runs down beneath the floor of the branchial chamber 
on the right side of the oesophagus.. Superiorly it receives tributaries 
from the liver., and in the 9 from the albumen gland and egg .. shell 
gland while a large branch passes up on the inner aspect of the 
uterus and then crosses over behind the sub· intestinal nerve to join 
it near the apex of the branchial cavity. 

The Renal System. 
The kidney is a triangular pyranlidal organ of a pale greenish 

colour, lying in the roof of the mantle cavity at its extreme apex . 
.. ;\long the external or right margin runs the rectum and the peri­
rectal blood sinus, below which lies the commencement of the 
ureter, while along the left or inner margin is the commencement 
of the afferent gill-vein and the base of the gill. The posterior 
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border is connected with the loop of the intestine by an interven­
ing fold of thin menlbrane. Of the four surfaces of the kidney, the 
upper lies just under the skin against the shell. The apex of the 
kidney lies to the front, and the left surface forms the upper part 
of the tight-hand wall of the mantle cavity and is in close relation­
ship with the terminal portion of the branchial fold. The base of 
the kidney, which is triangular in shape with the apex of the 
triangle directed ventrally, faces hack,vards to"vards the upper 
part of the visceral hump and forms part of the anterior bound­
ary \vall of the pericardial chambe r. The right surface of the 
kidney is in relationship with the upper part of the ureter., which 
separates it from the testis in the male or the uterus and shell­
gland in the· female. A thin fold of membrane passes outwards 
and backwards from the right-hand border of the base of the 
kidney to the testis in the male and the shell-gland in the female 
and forms the upper boundary limit of the ureter. 

The kidney is provided with two orifices that open respec­
tively into the ureter and the pericardium. Both these apertures 
are situated close together near the right posterior border. The 
reno-pericardial opening is situated on the posterior or pericardia! 
surface of the kidney near the supero-external angle: it is oval 
in shape and has thin walls. The external or ureteral orifice is 
situated on the exter~al surface, close to the reno-pericardial 
aperture, but separated from it by the conjoined pericardium and 
,vall of the ureter. It possesses thick protuberant lips, which 
are covered with ciliated, columnar epithelium and are often 
nlarked by a ring of black or brown pigment. The ureter is a 
thin-\valled tube having in cross section a triangular IL1nlen. Its 
right \vall is bounded by the testis in the male or the uterus 
and part of the albumen- and shell-glands in the female: the left 
"vall is thin and separates it from the branchial chamber, \vhile its 
upper or superficial \vall is formed partly by the rectum and 
perirectal blood sinus and a thin-walled portion in contact with the 
superficial skin. The orifice of the ureter lies, as we have already 
seen, near the right-hand margin of the niantle edge, in the angle 
between the rectum and the vagina in the female, or in the 
corresponding position to the left and above and behind the anus 
in the male. 

The Genital Syste11't. 
V ivipara bengalensis like all members of the genus is dire­

cious, or in other words the two· sexes are separate. We have 
already seen that sexual differences are apparent in the structure 
,of the right tentacle, which in the male is thickened and recurved 
and acts as a penis or illtroluittent organ. This change does not 
seem to have proceeded quite as far in Vivipara bengalensis as in 
the European species V i1Jipara vivipara, for in the former the 
modified tentacle is sickle-shaped, whereas in the latter it is 
figured as being completely contracted up into a rounded projec­
tion (vide Fischer, 1887, fig. 50!, p. 733), which may actually be 
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enclosed in a small pocket (vide Baudelot, 1863, p. 218, pI. v, 
figs. 14-15). 

<3 The testis in V ivipara bengalensis forms a compact semi­
lunar organ lying on the right of the branchial chamber, and 
occupying the same position as the uterus in the female. It is 
of a bright orange-red colour and extends to the upper end of 
the branchial cavity, vvhere its apex is in close relationship with 
the pericardial cavity and is connected by a thin fold of memb­
rane with the lower surface of the liver. The gland is flattened 
frorn side to side, the tight surface being in contact with the shell 
while the left surface forms in part the right wall of the ureter 
and below this the right wall of the mantle cavity. In possessing 
a testis forined of a single mass in this position in the body 
V ivipara bengalensis differs markedly from V ivipara vivipara, in 
which the testis consists of two distinct portions, the upper 
occupying the extrenle apex of the visceral hump and the lower 
lying at the lower margin of the liver between t.he stomach and 
the coil of the intestine (vide V. Siebold, 1836, p. 241, and Sitnroth, 
I896-1907, pI. xliii, fig. 9; also Erlanger, I891, pp. 665-666). 

Although the testis in Vivipara dissimilis (l\tliiller) occupies the 
same position as in V bengalensis, it differs in having a more or 
less quadrilateral extension from its upper pole, which passes 
upwards on the outer side of the pericardial cavity and abuts 
against and is firmly united to the lower aspect of the liver, from 
which, however, it can be readily recognised by its golden orange 
colour. This upward expansion is clearly demarca.ted off from the 
rest of the organ, which closely resembles the whole testis of 
V bengalensis, and partakes more of the nature of a second lobe. 
V. dissimilis in this respect is intermediate between V vi'llipara 
and V bengalensis. 

A series of narrow delicate ducts, the vasa efferentia, arise 
from the lower border of the testis and passing respectively up­
wards and downwards along its lower border converge to form a 
narrow tube, the vas deferens, which passes to the left beneath 
the floor of the branchial chamber, crossing above the sub-intesti­
nal nerve, to reach the vesicula seminalis. 1'he first part of the 
vas deferens is sometimes dilated to form a spindle-shaped swell­
ing, but the portion of the duct near the vesicula seminalis is 
narrow. The. vesicula seminalis forms a wide tube which passes 
downwards and forwards from just in front of a11d below the 
pericardium to the base of the right tentacle beneath the floor of 
the branchial chamber approximately in the middle line and ex­
actly beneath the branchial fold. The upper portion of the organ 
curves round to the right to meet the vas deferens. The whole 
organ is pigmented and possesses an iridescent appearance like 
mother-of-pearl. ·euvier (1817, p. 7) described this structure in 
V vivipara as the copulatory organ, but Treviranus subsequently 
referred to it as a seminal vesicle, and there seems to be same 
doubt as regards its true function. Later authors refer to it 
either as the vesicula seminalis or the prostate gland. Erlanger 
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(r89!, p. 665), appears to consider it to be an ejaculatory duct, 
in which view Simroth (r896-1907, note to fig 9, pI. xliii) concurs. 
Baudelot (1863, p. 217), on the other, hand seems to consider that 
it i, of the nature of a prostate gland, and describes the internal 
sur face as consisting of a series of transverse lamellae, running 
parallel to each other. In V bengalensis, this region of the duct is 
surrounded by a layer of circular connective tissue fibres and the 
lining mucous membrane is thrown into folds as described by 
Baudelot, though these are narro\ver and more numerous than he 
figures them. A transverse section shows that these folds 
are supported by a connective tissue lamella, on each side of 
which' is a layer of cubical epithelium. The whole organ is glan­
dular in character and is in my opinion a 'prostate' gland. The 
terminal portion of the male duct is comparatively narrow. It 
passes up the right tentacle and opens by a small orifice at its 
extreme tip. In this part of its course the duct-wall is thick 
and muscular, and constitutes an ejaculatory duct. 

According to Smith (IBBr, p. 221) the right tentacle of the 
111 ale TI ivipara vivipara is merely the sheath of a true penis, 
" which, at the time of copulation, protrudes through it." .As 
regards this statement he appears to be at variance with other 
authors. Simroth (1B96~1907, p. 617) states that the short' penis' 
can be coiled up in a pouch of skin at the outer side of the 
tentacle, and Baudelot (~B63, p. 21B, pI. v, fig. 14) shows this 
condition very clearly. It is this coiled up portion of the tentacle 
\vhich is the 'penis,' and no portion of the genital duct is pro­
truded through it during the act of copUlation, for, as Baudelot points 
out, the terminal portion of the duct, which I' h~ve ,considered 
to be an ej aculatory duct) is intimately connected with the skin of 
the tentacle al1d could not possibly be everted. In this respect 
Vivipara vivipara and V bengalensis appear to be identical. In 
this latter species the terminal portion of tbe d' genital duct is 
closely bdund to the skin of the tentacle by connective tissue. 
I have not been able to observe the act of copulation, but the 
structure of the right tentacle in thh, species shows that here also 
it is the tentacle itself which is the intromittent organ. 

The seminal fluid contains two quite distinct forms of sperma­
tozoa. The first form, ,vhich appears to be that of the mature func­
tional spermatozoon, consists of an elongate spiral head, ,vith 6-7 
turns in the spiral and of a refractile appearance; behind this is a 
single long flagellum. The second form is usually described as 
, ,vortn-shaped '; it may he straight or spirally twisted, is much 
stouter than the spiral kind and terminates in a tuft of numerous 
short £lagellae. From the time of their discovery these two forms of 
spermatozoa have interest~d zoologists and accounts of them and 
their mode of development have been given by V Siebold (rB36), 
Leydig (1850), Baudelot (1863), Simroth (IB91-1907) and others, 
but we are still ignorant of the function of the worm-shaped type. 

9 The genital organs of the fenlale V ivipara bengale~nsis 
appear to agree exactly with those of V vivipara. One of the best 
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accounts of these organs is that given by Baudelot (I863, pp. 218-
220, pI. v, figs. 16-20). Erlanger {I8gI, p. 664) ill his descrip­
tion claims to have followed Baudelot and to have reproduced 
his illustration of this system. But a comparison of the two 
figures serves to show how misleading the results of such a 
procedure may be) for Erlanger (l.c., fig. 3) shows no trace of the 
duct of the albumen gland, though this is clearly seen in Baude­
lot's figure (l.c., fig. 16). 

In V ivipara bengalensis, the ovary consists of a few small 
scattered follicles along the commencement of the oviduct. It is 
of a red-brown colour and so in spite of its small size can be 
distinguished from the liver tissue: it lies in the third body-whorl, 
in close contact with the posterior wall of the cardiac region of the 
stomach and along the course of the hepatic artery. The various 
follicles contain numerous slnall ova, which have a diameter of 
0.021-0'025 mm. The oviduct passes downwards as a fine tube, 
also of a red-brown colour, to the lower Inargin of the liver and is 
then continued on along the floor of the pericardial cavity on the 
right of the oesophagus. At this point it is joined by the short 
wide duct of the albumen gland. This gland is situated just 
belovv the skin on the right of the pericardium. It is connected 
by a thin fold of membrane with the loop of the intestine on the 
upper surface of tl;le pericardium and the rectum passes forwards 
and downwards along its superficial aspect, which is grooved to 
receive it. Below, the gland is intimately bound down to the 
U-shaped egg-shell gland, or receptacul:um seminis as it is 
usually termed. The albumen gland is tongue-shaped and 
slightly curved. It is of a bright' orange-red colour and its apex 
is in contact with the lower surface of the liver. From its inner 
and posterior border a wide duct arises which passes backwards 
internal to the first part of the egg-shell gland and joins the 
oviduct.. The conlbined duct is then continued downwards 
and inwards for a short distance and then turns back again 
towards the apex of the visceral hump. This portion of the duct 
is of a brown colonr and it can be traced to the lower and inner 
limb of the egg-shell gland, into which it opens at its extreme 
end on a smooth rounded papilla. 

'l'he egg-shell gland is, as already mentioned, a wide U.shaped 
tube the walls of which have a yellow-brown colour very similar 
to that of the liver. The ascending limb of the U is at first 
llarrO\V, but as it passes upwards towards the liver it gradually 
dilates and then turns sharply round on itself and, passes down .. 
wards again on the right of the ascending limb and in close 
contact with the shell. On opening the tube, the inner wan is 
seen to be thick and glandular and is thrown into a series of folds. 
At first these folds run parallel to the length of the tube, but as· 
\ve trace them up they become more and more oblique curving. 
towards the right and in the descending limb of the gland they 
run spirally. On the posterior aspect of the descending limb a 
smooth whitish ridge \vith a gutter on its right/side can be seen to. 
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arise at the upper and posterior end, passing down wards to the 
orifice through which the shell-gland opens into the uterus. At 
this point the smooth ridge becomes continuous with a longitudi­
nal -fold, which, as we shall see later, passes down the whole length 
of the lo\ver wall of the uterine cavity. I have throughout referred 
to this U-shaped portion of the genital duct as the egg-shell ghind. 
In the earlier descriptions of V viviPara, such as that given by vo~ 
Siebold (1836 p. 244), it is referred to as a receptaculum seminis, 
because free spermatozoa were found in the contents. That it 
serves as a repository for semen is heyond doubt, but it seems to 
me that its true active function is to produce the thin membranous 
covering which surrounds the eggs. The egg· shell gland opens 
below by a wide crescentic mouth into the thin-walled uterus. This 
is a wide cavity, which we have already seen lying on the right of 
t.he mantle cavity throughout the whole length of the body-whorl. 
It invariably contains eggs and developing young when once sexual 
maturity has been reached. Running along the whole length of 
the floor of the uterine cavity is a double fold of opaque-white 
colour which is in marked contrast with the thin translucent 
side walls. This double fold has a narro\v base of attachment 
and the left-hand or inner fold is thin and convoluted while the 
outer fold is thicker and has a straight margin. This outer fold is 
covered with a ciliated epithelium and beneath this fold, between 
it and the floor, the semina! fluid, which has been introduced by 
the male is conducted up to the shell gland. 1'he terminal portion 
of the genital duct is comparatively narrow and thick-walled. 
It opens on the right of the branchial chamber by an oval orifice, 
the vagina, which is situated terminally on a small papilla. 
During copulation the right antenna of the male is introduced 
through this orifice and the seminal fluid is deposited within the 
uterus. 

The members of the genus J7 ivipara, as their name implies, 
produce live young, but they are actually ovo-viviparous. If we 
examine the contents of the uterus during the breeding season we 
find that the lower region of the duct contains numerous young, 
with 2! turns in the shell, ready to be born, but as we pass 
further and further upwards the state of maturity of the young 
becomes less and less, until at the extreme upper end we find large 
ova containing an extremely minute embryo, with only half a turn 
in the spiral of the visceral hump. These eggs are large and are 
pyriform or globular in shape. They are surrounded by a thin 
delicate memLrane, which at one point is twisted up and produced 
into a kind of free pedicle. Filling the whole egg, and surround­
ing the young embryo is a mass of faintly blue albuminous rna ... 
terial, which under the higher powers of the microscope, can be seen 
to contain large numbers of spermatozoa, so that it would appear 
that the seminal fluid of the male serves the double function of 
fertilizing the ovum and providing in part for the nourishment of 
the embryo. In addition to the spermatozoa we find numerous 
fine spic~les which dissolve readily on the addition of glacial 
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acetic acid and are presumably calcareous in nature. It is prob­
ably from these spicules that the young enlbryo derives the 
calcareous substance necessary for the production of the shell. 

The N er1}O~tS System. 
A very full and cOlnplete account of the nervous system of 

Vivipara vivipara has been given by Bouvier (1887, pp. 63-72, pI. iv, 
figs. 15, ~6) and that of Vivipara bengalensis agrees in almost every 
particular, so far as I have been able to ascertain. The type of 
nervous system is that known as 'dialyneurous,' in that the 
connection between the sub·intestinal nerve and the right pleural 
or parietal ganglion is an indirect one, brought about by the union 
of a branch arising from the right pallial nerve and a branch 
from the sub-intestinal nerve. A similar anastonlosis exists on 
the left side of the body, between tbe left pallial nerve and a 
branch from the supra .. intestinal ganglion. Moore (1903, p. 276) 
has distinguished three different types of nervous system, based 
on the relative positions of the three main ganglia of the central 
nervous system-those forms of nervous syst~m in which, as in 
Vivipara, "the pleural ganglia are more or less half-way between 
the cerebrals above aud the pedals below the oesophagus II he­
terms' dystenoid.' 

The cerebral ganglia are situated in the base of the snout 011 

either side of the commencement. of the oesophagus, immediately 
behind the buccal mass. Each ganglion is roughly triangular in 
shape, wit1:1 the base posteriorly and the apex pointing forwards 
and outwards. On the external aspect a shallow groove divides 
the ganglion into t\VO parts, an anterior ' labial J portion and a 
posterior ' cere~ral' portion. Each ganglion is of a red-brown 
colour and is connected with its fellow across the dorsal aspect of the 
o~sophagus by a wide, short cerebral commissure. The ducts of the 
the salivary glands pass forwards close to the middle beneath this 
commissure and above the oesophagus. The' labial' portion of 
the cerebral ganglion is flattened dorsa-ventrally and from its 
outer and antero-interual borders a number of nerves arise. From 
the antero-internal border t\VO fine nerves arise close together and 
pass forwards over the dorsum of the buccal mass to the skin of 
the snout. Near the apex of the ganglion, but still from the inner 
border, a stout nerve arises and passes forwards on the side of the 
buccal mass to the snout ·and lips. At the extreme apex of the 
ganglion three nerves arise close together: (i) this rUllS forwards 
on the side of the buccal mass to the lips and snout; (ii) this is 
the stoutest of all three and is the buccal nerve. It first passes 
downwards and forwards on the lateral aspect of the buccal mass 
towards the ventral aspect: here it turns upwards .and passes deep 
to the lateral retractor muscle of the lips, and just above and 
behind the origin of this m.uscle from the side of the ,odontophoral 
cartilage it ends in a rounded or triangular yellowish-brown body, 
the buccal ganglion, which lies just in front of 'and below the 
point of entrance of the salivary duct into the buccal cavity. 
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From each bu'ccal ganglion thre,e l1erves arise, two of these pass 
obliquely upwards towards the dorsal aspe'ct of the buccal mass, but 
the third and largest passes backwards -and downw,ardsaround the 
posterior a~pect of the buccal mass, below the oesopbagus and 
abov,e the' radulat sac, to the ganglion of the opposite side. This 
is the buccal commissure. (iii) This nerv,c arises just external to 
the buccal nerve and pass1es forwards and down wards to the lower 
part of the lip of the mouth, it gives off a branch which passes 

a,n,t .T¥. 

sp.n.. ' " 

opt,,:::., 
c fI.:.. •• 

. ~ " ... 

pl'!l~ .. ..... ..... 
!'.ro ........ . 

pz.,.c, ..... . .... 
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:Jt ._ ...... . 
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FIG. 8.-Vl7J£pa:ra bengalensis, nervous system of the right side. ant It, 

antenna1 nerve j a',p.n., anterior pedal nerve; a .r,l1l., anterior retractor musde of 
buccal mass ; b.c., buccal 'commissure; ~.g., buccalganglioll ; b.n., buccal nerve .~ 
e.g., cerebral ganglion; c.p.,c,., cerebro-pedal comtnissure; etp.n., epipodial nerve 
l.e.g., labial portion of the cerebral ganglion; I.p.n., latera] pedal nerves; opt.n .. 
optic nerve ;ol., otocyst ; p.g., pedal ganglion j p.r.m., posterior retractor musd,l,:! 
of buccal fnass; pl.g., rig-ti t pleural ganglion ·' pl.pc., pleuro-peda'i commissure ; 
sp.n., supra-int,estinal or right panetal -nerve. . 

across below the oral tube, jDining with its fellow of the opposite 
side to form the labial commissure. Three nerves arise from 
tbe rounded upper and outer aspect of th,e cerebral portion of 
the ,ct!rebral ganglion. From the upper aspect a stout nerve, the 
antenna! nerve, arise~ ,and passes .forwards .and outwards to the 
antenna; although in the male the right antenna serv'es the 
double function of a tactile organ and the introtnittent organ, the 
nerve that supplies it shows no obvious increase in size. From 
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the posterior and outer surface, of the ganglion the optic nerve 
arises and passes forwards and outwards external to the antenna! 
nerve and ends in the sensory epithelium of the eye. As we trace 
this nerve backwards to the brain it can be seen to end in a quite 
distinct rounded swelling which forms a localised prominence on 
the external and posterior margin of-the cerebral ganglion. From 
the side of the cerebral ganglion immediately below the origin of the 
optic nerve a small nerve arises, which can be seen to pass directly 
do\vnwards. This small branch, which is the nerve to the otocyst, 
passes down external to the lateral retractor muscle of the buccal 
Inass and the pedal ganglion and finally enrl;s in the otocyst, 
,vhich lies a little behind and to the outer side of the pedal nerve 

m,.n,. 
c.p,"l.c.. l 

: : 
I : 
: 

b·ff····· .. ··· 

FIG. 9-Viv£para bengalellsis, nervous systetn of the left side. ant.n. 
antennal nerve; ap.ll., anterior pedal nerve; b.c., buccal conlmissure; b.g., bu<;cal 
ganglion; b.n., buccal nerve j c.p.c., cerebropedal conlll1issllre; c.pl.c., cerehro­
pleural commissure; e.pn., epipodial ner\'e·; l.p.ll., lateral pedal nerves; opt.l1.,. 
optic nerve jot., otocyst j p.g., pedal ganglion; pi.g., pleural ganglion i sb.n.,sub-
intestinal or left parietal nerve. -

close to its origin. Each otocyst is a small oval sac, the long axis 
of VI hich is vertical; it has a shining refractile appearance and its 
cavity is :filled with a number of small calcareous concretions of 
varying shape) the otoliths. {For more detailed descriptions of this 
organ, the reader is referred to the accounts given by Leydig (r850), 
and Lacaze Du thiers (.r 872). ] The position of the pleural ganglia and 
consequently the arrangement of the nerve commissures that arise 
from the cerebral ganglia differ on the t\VO sides of the body. On­
the left side, the pleural ganglion lies mid-way between the 
cerebral and pedal ganglia and the arrangement of the ganglia and 
comrhissures conforms to Moore's definition of the (dystenoid' type­
of nervous system. On this side of the body two cOlnmissures,. 
that differ nlarkedly from each other, arise from the ventral aspect 
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of the hinder portion of the cerebral ganglion. The anterior 
cerebro-pedal commissure is long and narrow and of a white colou!; 
it passes downwards external to the lateral retra.ctor muscle of the 
buccal mass to join the pedal ganglion. The posterior cerebro­
pleural commissure is broad and ribbon like, and can be seen to 
consist of two parts, an anterior brownish-coloured portion and a 
posterior white portion. Inferiorly it fades into a very ill-defined 
left pleural ganglion. Below this ill-defined ganglion a short broad 
cOlnmissure passes downwards, being joined by the cerebro-pedal 
co.mmissure to· the pedal ganglion. On the right side of the body 
there is no distinct cerebro-pleural comlnissure. The right pleural 
ganglion lies close against the posterior end of the cerebral 
ganglion and is only separated off from it by an ill-defined neck. 
The pleuro-pedal commissure is in consequence proportionately 
long. On this side of the body the arrangement of these ganglia 
conforms to what Moore (1903, p. 276.) terms the' epiathroid ' 
type of nervous system. 

From the pleuro-pedal commissures several fine nerves arise; 
of these one, usually the largest, can be seen to arise from the 
commissure low down near its point of union with the cerebro-pedal 
commissure. This is the epipodial nerve and that on the left, 
\vhich is usually slightly the larger, supplies the epipodium on that 
side, while the right supplies the fold beneath the right tentacle 
and the inner or left half of the syphon. The other nerves pass 
upwards and outwards to·the tissues at the base of tentacle. The 
pedal ganglia are long ribbon-like structures of a brown colour, 
which are connected above with the cerebro-pedal and pleuro­
pedal commissures. Each of these ribbons is composed largely 
of ganglionic nerve-cells, and in consequence the whole length of 
the structure must be regarded as being homologous with the more 
compact pedal ganglia of other molluscs. Immediately beneath 
the radular sac the two pedal ganglia are connected together 
by a "vide short pedal commissure which passes from side 
to side below and in front of the posterior retractor muscles 
of the buccal mass, and behind' and above them the terlninal 
portion of the cephalic aorta passes downwards and backwards in 
the midile line. From this point the two ganglia pass downwards 
and backwards lying between the white muscle nlass of the foot 
and the soft grey tissue of the sole. At first the two cords diverge 
somewhat, but posteriorly they again converge towards the middle 
line. A series of three or four transverse commisstlres pass across 
from side to side uniting them together at different points in their 
length. A series of nerves arise from the pedal ganglia and 
spread forwards and outwards. The first pedal nerve arises from 
just below the pedal commissure and passes forwards towards the 
anterior margin of the foot; it sends off a branch which passes 
inwards towards the middle line and forms an anastomosis with 
its fellow of the opposite side. The remaining nerves pass out­
wards in a radiating manner and form a very elaborate anas­
tomosis around the margin of the foot. The nerves divide and 
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anastomose in a series of loops and at certain points of the 
network so formed slight swellings can be detected, which pro­
bably correspond to local collections of ganglion cells. F~rom the 
posterior surface of the pedal ganglia and the pleuro-pedal commis­
sure several nerves pass backwards and enter tbe muscles of the 
foot. Each parietal ganglion gives rise to two nerves. The most 
anterior and smaller of the two is the mantle ·nerve, and the larger 
and more posterior is the parietal nerve. The two parietal nerves 
pass backwards and form a figure-of-eight loop in the visceral 
hump. Each nerve crosses over to the opposite side of the body 
from which it originated, and baving done so sends off a lateral 
branch which anastomoses with the mantle nerve of that side, thus 
forming the' dialyneural' connection. 

The right parietal nerve, or supra intestinal nerve as it is 
called, passes obliquely across the upper aspect of the oesophagus 
just behind the buccal mass. In this portion of its course it is 
closely connected to, and" surrounded by the branching follicles of 
the salivary glands. Having reached the left side it gives off a 
large branch, the anterior branchial nerve, which passes to the left 
and, having given off a small branch to join the nlantle nerve, 
breaks up into a number of fine branches which supply the' 
anterior region of the gill and the osphradium. At the point whp.re 
the anterior branchial nerve arises from the supra-intestinal nerve 
a slight swelling is to be seen, this is known as the supra-intestinal 
ganglion. From this point the nerve passes up beneath the floor 
of the branchial chamber on the left side of the oesophagus. 
During this part of its course it gives off a series of fine branches 
to the gills and finally, at the extreme apex of the branchial 
cavity, a considerably iarger branch, which soon subdivides into 
smaller t\vigs, is given off to the upper part of the gill. 

The left parietal or sub-intestinal nerve crosses over from 
left to right below the oesophagus. It then diverges somewhat to 
the right and gives off a branch whicb again subdivides; one twig 
passes forwards and outwards to join the mantle nerve of the 
same side and the conjoined nerve so formed supplies branches to 
the outer wall of the syphon and the terminal portions of the 
excretory and genital ducts and the anus. The main nerve 
continues backwards above the colunlellar muscle at some distance 
from the oesophagus and gives off a series of branches to the mantle 
roof and its dependent structures. At the apex of the branchial 
chamber both nerves are continued up for a short distance in the 
floor and outer wall of the pericardium and then unite to form a 
loop, in front and to the inner side of the U-shaped bend of the 
oviduct in the ~ At the apex of tbe nerve loop the nerve is 
slightly swollen and is known as the visceral ganglion. Froin it a 
series of branches arise which supply the neighbouring viscera. 
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P :\RT II.-THE EDGE OF THE lVI.ANTLE AND THE 
'EXTERNAI~ ORNAMENTA1.'ION OF IrHE SHELL. 

By N. ANNANDALE. 

In the first part of this paper Major Sewell has described the 
structure of the free part of the mantle of Vivipara bengalensis 
in general terms 'and has pointed out, as Leydig I observed in 
the embryo of V vivifara, that the Inargin bears three short pro­
cesses corresponding In position with the three rows of nlinute 
chaetae on the surface of the elnbryonic shell. He has further 
noted that in the adult additional processes are both intercalated 
between the three primary processes and produced to the left of 
the outerlnost row of chaetae in correlation with the development 
of dark spiral bands on the shell. 

Similar facts struck me forcibly when examining two very 
large and peculiar speci~s of Viviparidae in Manipur) namely V 
oxytropis (Benson), the. shell of which is ornanlented with dark and 
promirlent spiral ridges, and Lecythoconcha lecythis (Benson),i the 
shell of which is almost smooth and unicolorous. 

The observations made on these species, supported as they 
were by }\fajor Sewell's independent observations 011 V bengalensis, 
led me to examine the edge .of the mantle and the embryonic shell 
in all species of Viviparidae in whic:t living or properly preserved 
material was available. The species I have examined living are 
V bengalensis (I..,amarck), V dissimilis (Muller) [= V remossii 
(Benson)], V oxytropis (Benson) and L. lecythis (Benson). I have 
also examined preserved Inaterial of the remarkable genera M ay­
garya, Nevill, and TaiaJ Annandale, i!1 both of which the shell is 
more highly and fantastical1y sculptured than in any species of 
Vivipara. My specinlens of M argarya nzelanoides vvere collected 
in Yunnan by Mr. J Coggin Brown, and. those of Taia intha, T 
elitoralis., T shane'nsis and T naticoides were preserved with great 
care by Dr. F. H. Gravely in the Southern Shan States. Some of 
them are in excellent condition for histological study. 

In addition to this .A.siatic material I have been enabled by 
the very kind assist~nce of Prof. J H. Ashworth of Edinburgh 
U niversi ty, to examine several series of fine sections of both the 
embryo and the adult of V contecta (Millet), a European species 
with a smooth, broadly banded shell. 

'fhe material examined thus includes specimens and prepara­
tions of species both \vith smooth and with highly sculptured shells, 
both with almost unicolorou'3 and with conspicuously banded shells. 

1 Leydig, Zeits. f. wiss. Zool. II, pI. xi, fig. 10 (1850). 
2 For the latter species I have recently proposed a new genus based partly 

on the structure of the mantle, viz. Lecytlzocollc!za, Annandale, Rec. Ind. Mus. 
XIX, p. I I-l (1920). 
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In considering the ornamentation of the shell both colour-pattern 
and sculpture can, therefore, be taken into account. 

Ornamentation of the embryonic shell. 

The ornamentation of the embryonic shell is almost uniform 
in pattern in all species of Viviparidae investigated, and the only 
important differences found are those in the degree to vvhich the 
spiral sculpture is developed in different fornls. Colour-pattern is 
usually, absent

J 
the shell being of a pale horny yellow or brown, 

with the protoconch darker and browner than the rest; but in 
those species in which the embryo has a cofuparativE:ly large num­
ber of whorls before birth the dark spiral bands characteristic of 
some such forms begin to appear on the younger parts of the shell 
before it is set free from the egg-membrane. 

The sculpture at this early stage is mainly periostracal, in­
volving only the horny outer covering of the shell; but as this is 
not entirely so I propose to discuss the periostracal sculpture first 
and then that of the calcareous part. of the she11 or true test. It 
will be convenient to treat V bengalensis as a typical form in dis-­
cussing the periostracal sculpture of the ·embl,"Yo. 

'l'he shell of this species consists
C 

at hirth of 31 whorls. Of 
these the apical whorl and a half constitute the true protoconch. 
They are fiat, band-like and almost smooth, but with a strongly 
nlarked keel running round the outer edge of their upper surface in a 
spiral. Several faint, Ii ne-like spiral ridges, of which two are more' 
prominent than the others, can also be detected on their surface 
under a high magnification. A single spiral row of extrelnely fine 
hair-like processes proj ects ·from the marginal keel, extending. up .. 
wards to the tip of the apical half-whorl. Towards the base of the 
protoconch these processes become stiffer and are curved and 
retroverted at the ext,remity, the curvature of their tips being 
directed towards the mouth of the shell. They also become less 
crowded together. A little above the point at which the pro­
toconch merges into the uppermost whorl of the younger part 
of the embryonic shell (i.e. that part in ,which the whorls begin to 
assume the essential characters of those of the adult), a second 
line of chaetae makes its appearance parallel to the first, and finaUy, 
011 the penultilnate embryonic whorl, a third. The oldest row, 
which I shall call in reference to its age and its position the FIRST 

or UPPERMOST ROW, is rather less developed than the SECOND or 
MIDDLE ROW. The THIRD or PERIPHERAL ROW, which continues to 
occupy the extreme periphery of the shell, is the largest an"d best 
developed of all. As the shell grows, however,. and new whorls 
are added they destroy the chaetae that lie immediately above 
them by the pressure of their embrace. 

Between the three primary rows of chaetae~ above them to the 
left of the mouth of the shell, and particularly below them to 
the right (that is to say below the peripheral angle) there are other 
spiral lines on the external surface of the shell, running parallel 
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to one another and to the rows of chaetae, but forming only very 
fine ridges with minute irregular processes or serrations. These I 
shall call the SECONDARY 

PERIOSTRACAT4 RIDGES of 
the embryonic shell. 
F inal1y, still finer oblique 
longi tudinal or vertical 
lines can be detected un·· 
der a powerful lens, run­
ning across the spiral 
lines in such a way as 
to fornl a delicate reticu­
lation \vith rhonlboidal 
Ineshes. That all this 
(,rnamentation is mainly 
periostracal can be proved 
by dissolving the calcare­
ous matter of the shell 
,vith weak acid. 'fhe 
lines and chaetae remain 
intact. 

··--z. 
~;:;;;~-·--a. 

B. 
FIG. Io.-Embryonic shell of Vivipara dissi­

milt's (Muller). 

In the other species of 
Viviparidae examined the 
periostracal ornamenta­
tion is essentially the 
same, but in several, the B. 
test-sculpture being more 
highly developed, the 
chaetae are given greater 
promlnence. I will dis­
cuss this point later. In 

A. Oblique view of the whole shE'll at birth, 
showing lines of chaetae (magnified). 

Part of the surface of the body-whorl of 
the same shell more highly magnified". 

I = uppernlost primary row of chaetae; 
2=middle primary row of chaetae; 
3 =peripheral row of chaetae; 
I' 2' = secondary rows of chaetae. 

the embryonic shell of V dissi~nitis (fig. 10), two of the second­
ary periostracal ridges bear minute chaetae considerably finer 
and shorter than those of the three primary rows bu t essentially 
similar in structure. 'fhese secondary rows are situated between 
the first and second primary rows and above the latter. 

In some species the periostracal ornamentation of the embryo­
nic: shell becomes obsolescent at an early age, but in all I have 
examined the peripheral row of chaetae is continued, at any rate in 
some individuals, 011 to the body-whorl of the full-grown shell, 
and the apparent disappearance of the chaetae of the other rows is 
more apparent than real. These structures are of extreme fragi­
lity and in a comparatively heavy organism such as an adult 
V ivipara are liable to be rubbed off at a touch. In a nearly full­
grown V .. bengalensis, in which the shell is receiving its final addi­
tion, I have found that the three rows of chaetae are still produced, 
but disappear almost as soon as they are forlued. In V dissimilis 
traces of the elnbryonic periostracal sculpture are lnore persistent 
and the basis of the five rows of chaetae can frequently be detected 
in the form of fine pUllctures. Even in the adult of L. lecythis the 
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periphery of the body-whorl is often surrounded by a line of ex­
tremely fine hairs representing degenerate chaetae. In the Siamese 
V ciliata (Reeve); in which a larger number of secondary peri­
ostracal ridges probably bear chaetae than in V dissimilis J they 
persist throughout life 011 all the whorls of the shell, and in some 
individuals of the Chinese V lapillorum (Reude) 2 they are coarsely 
developed 011 the peripheral keel of the body-whorl. 

In species of Vivipara such a.s V bengalen.sis, in which the 
embryonic shell is extremely thin and fragile, it is difficult to 
demonstrate the existence of any true test-sculpture as distinct 
from that of the periostracum, but by means of careful manipula­
tion of lighting under a binocular microscope it can be seen that 
each of the rows of chaetae is situated on a slight elevation. 'fhis 
can be more readily d~monstrated in such forms as L. lecythis (fig. 
I I), in which the test is nluch thicker at birth; while the chaetifer-

A. B-
FIG. I I.-Embryonic shell of LecythocoJlchlL lecythis (Benson). 
A. Lateral view of the whole shell at birth (magnified). 
B. Protoconch as seen from above (more highly magnified). 

ous ridges are conspicuous fronl the first in certain other species, 
such as M arga1'ya 1nelanoides, 8 Taia intha 40 and the peculiar Japanese 
H eterogen t~trris.6 In these three species they are comparatively 
broad and blunt. In V dissimils and V oxytropis, although the 
embryonic shell is 110 thicker than in V bengaiensis, they are more 
prominent than in that species, but thin and sharp. Generally 
speaking, a strong development of the three primary ridges in the 
embryonic shell is correlated with a coarse and well-developed spiral 
SCUlpture in that of the adult, but this is not so in H eterogen, in 
which it becomes gradl1ally much less conspicuous on the younger 
,vhorls. In H turr£s, however, the only species of the genus 
known, as in the African N eothaunza, Smith, and in many species 

L Reeve, Conch. Icon. XIV (Paludina), pI. Yi, fig. 36 (1 864). 
2 Annandale, A/em. As. Soc. Bengal \'1, p. 314, pI. x, fig. 9 (1918). 
:-s Kobelt on Vi1Jipara, in new edit. of 1\1art. and Chenln., Conch. Cab., pI. 

xxxvi i, xxxviii (I (09) . 
. ~ Annandale, Rec. Ind. Mus. XIV, pI. xvii, fig. 7; pI. xviii, fig. 10 (1918). 
() Annandale, Mem. As. Soc. Bengal VI, p. 4-00, figs. I. 2. (1921). 
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of V ivipara, the third or lowest primary ridge remains conspicuous 
as a peripheral carina, even when the other two disappear or become 
obsolescent. 

Ornamentation of the adult shell. 

In the adult shell, as I have already pointed out, the peri­
ostracal sculpture is relatively unitnportant. 'In many species of 
t he family, including the great nlajority of those of V ivipara, 
the test-sculpture is not much more conspicuous. In V benga­
It:nsis the oblique longitudinal lines on the periostracum are 
itnpressed on the test and remain distinct through life. Indeed) 
they are coarser and more prominent in the younger whorls. In 
nlost races and phases of this species the spiral sculpture disap­
pears almost completely on the body-,vhorl, but in some indivi­
duals of certain phases and races, such as the phase halophila, 
Kobelt (pI. II, figs. 9, 10), and the race balteata, Benson, the pri­
mary spiral ridges and also a few of those of the secondary order 
are slightly thickened on the body-whorl, while in the Burmese 
race (dolt'aris, Gould, pI. I, fig. 9) both the uppermost of the three 
primary ridges and the peripheral ridge are promin~nt, forming 
more or less sharp-cut angles in the outline of this whorl. In V 
oxytropis and a few other species of the same genus the peripheral 
ridge forms a' prominent keel on the body-whorl, separating the 
shell into an upper and a lower region, while some or all of the 
other ridges remain more or less salient. 

It is, however, in such forms as t.he more highly developed 
species and varieties of the genera Taia and M argarya that the 
sculpture of the test reaches its highest development in the adult 
shell. In V oxytroPis 1 the ridges are snl00th and sharp: in the 
more highly developed {orlns of the two genera mentioned they 
are broad and coarse and are broken up into numerous tubercles, 
scales or spines. Even in shells with a comparatively simple 
sculpture such as those of Taia theobaldi ~ or M argarya 1nelanoides 
var. 1nansuyi 3 the ridges have not the unbroken surface of those 
on the shell of V oxytropis and other ridged forms of V ivipara. 

In all the Viviparidae in which I have examined both elU­
bryonic and adult shells, the ridges of the test are grooved inter­
nally at first. 1~hey retain this structure in V oxytropis through­
out life. In some other ridged species and races of Vi7Jipara, 
however, with thicker shells, and also in all forms of T aia and 
M argarya, the internal groove becomes more or less completely 
obliterated by the deposit of nacreous matter on the internal 
surface. 

In describing the ornamentation of the embryonic shell I have 
alluded briefly to the fact that in Taia intha and S0I11e other Vivi-

L Hanley and Theobald, Conch. Ind., pI. lxxvi, fig. 5 (1876). 
-2 Annandale, Rec.lnd. Mus. XIV pI. xvi, fig. I ([9 18 1. 

;) KobeIt on Vivipara, in l\'lart. and Chemn., Conch. Cab., new edit, pI. 
xxxvii, figs. 6, 7 11909). 



Records 01 the Indian M 1-tse~t1t1. [VOL. XXII, 

paridae in which the shell attains a relatively large nunlber of' 
whorls before birth, a colour-pattern appears on the lower whorls, 
while.in V bengalensis, in which there are only 3i whorls at birth, 
this pattern appears later. It cannot, therefore, be regarded as 
belonging to the prilnitive shell. Generally speaking, the shells 
of the Vivipa ridae ~ay be· di vided into two categories so far as 
colour is concerned. l The external surface in onE: category is of 
an almost unifornl clivaceous colour, occasionally with irregular 
black longitudinal streaks. In the other type it is marked with 
dark spiral bands. 

STRUCTURE OF THE l\!ARGINAL REGION OF THE i\IANTLE. 

By the phrase MARGINAL REGION OF THE MANTLE I mean the 
free edge of the roof of the branchial chamber and the imnH~diate-

",m.p. 
" 

A. B 
FIG. 12.-Edge of the mantle in Vivipara bengalellsis (Lan1arck). as seen 

by translnitted light (x 80). 
A. In new-born young'. 
B. In half-grown individual at the end of a period of growth 

fa.g., marginal groove; m.p., primary. marginal process; m.p.', secondary 
marginal process; n, nerve; s.g., calciferous glands; s. gr., supramarginal 
groove. 

ly adjacent parts. For the sake of bre~ity I shall refer to it merely 
as the marginal region. I do not propose to discuss the structure 
of other parts of the mantle except in so far as it may be necessary 
to elucidate that of this region. 

EXTERNAlf STRUCTURE.-The external structure of the mar­
ginal region is u11iform in all the Viviparidae examined, so far· at 
any rate as its main features are concerned, but exhibits certain 
minor generic and even specific characters, and differs in details at 
different periods in the life of the individual. The free edge is 
sharp at birth in V ivipara and T aia, blunt in Lecythoconcha and 

1 The only real exception I know to this rule is to be found in V. helmandica 
Annandale, fron1 Eastern Persia. the shell of which is olivaceous with rounded 
pale spots, but there is often an obscure pale band ronnd or just below the peri­
phery of the body-whorl of the shell in fonns of the V. dissimilis group. 
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also probably in M argarya, in which, however, I have examined 
only adult individuals. In the first three genera, and probably in 
all Viviparidae, it bears at this period three distinct finger-shaped 
processes, 1 one situated just above the snout near the middle of 
the edge, the other two to the right of this point. The left process, 
which marks a very important point in the orientation of the 
ornamentation of the shell, I shall call the PERIPHERAL PROCESS. It 
moves along, in the €xpansion of the animal, under the most pro­
minent line of the body-whorl of the shell and is usually, but not 
always, a little longer than the others. The two processes to the 
right of the peripheral process nlay be called the first and the second 
process, the former lying the furthest to the right. These three 
processes correspond in position with the three primary rowe; of 
chaetae on the young shell (p. 250, fig. I3) and bear the same nota­
tion in nly figures. The peripheral process, though usually the most 
conspicuous and the most itnportant In the future history of the 
shell, is morphologically the youngest, while the first process, the 
least important of the three from this point .of view, is the oldest. 
These three processes I call the three PRIMARY PROCESSES. 'rhey 
were first observed and figured in the enlbryo of Vivipara vivipara 
by Leydig/ but are omitted in the figures of !nore recent authors. 
I find them just as well developed in the fully fornled embryo of 
the European V contecta as they are in Indian species. 

In most other Viviparidae examined, at least traces of other 
processes between and to the left of the prinlary three can be de­
tected at the same period. In V be1'r,;,ale11sis (fig. I2) they are 
small and inconspicuous, but in V dissi1nilis) another comlnon 
Indian species, four SECONDARY PROCESSES can be easily· detected 
in fresh material, two of them being longer than the other two. 
The two longest secondary processes are situated one immediately 
to the right of the second primary process and the other to the 
right of the third. They correspon~ in position with the two secon­
dary rows of chaetae on the embryonic shell (p. 248, fig. I2). The 
condition is similar in V ·oxytropis, but in Lec'Ythoco'l'lcha lecythis 
only the three primary processes can be detected as such, even in 
fresh material. 

Even the seven processes of V dissimilis and V .• oxytropis are 
not all that actually exist, for bet\veen each pair associated with 
lines of chaetae two or three other minute projections occur, but 
can only be detected as projections if the mantle be examined in a 
fully expanded condition. These minute or TERTIARY PROCESSES 

correspond in position with the minute serrated ridges on the peri­
ostracum of the embryonic shell (p. 245, fig. 10). Both they and the 
secondary processes are probably present and functional, though 
often d~fficult to detect, in all Viviparidae. 

L It may be fixed in this condition by being subjected to gentle pressure be­
tween two glass slides as soon as it is reTlloved, and treated with corrosive acetic 
soll1tion while under pressure. 

-2 Leydig, Zeits.f. wiss. Zool. II, pI. xi, fig. 16 (1850 ). 
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The external structure of the processes. (he they primary, 
secondary or tertiary) is identical. 'rh·ey are llot mere projec­
tions of the margin but organs with a definite form, position and 
function. When fully expanded in the liVitlg anhnal they are 
flattened dorso-ventral1y and sharply pointed, but it is difficult to 
preserve them quite in this condltion as they usually beconle blunter 
and thicker in preservations, as they do in life when the mantle 
contracts (fig . 12). Along the external surface of each, from a 
point close totbe tip, runs a narrow groove, and the whole of both 
surfaces, including the floor of this groove, is densely covered with 
10ng and powerful cilia. These extend also aU over the edge of the 
mantle. Very often (fig. 12) the presence of a tertiary) or even 'a 
secondary, process is only indicated by the existence of this groove, 
v"'hich I shall call a MARGINAL GROOVE 

The marginal grooves run up the external surface of each pro .. 
cess to a broader and rather deeper transverse groove that traverses 
the whole of the margin just above the bases of the- processes and 

l-.j~IG. 13.-1 i\'ing LeC) 't/loC,oJlchll lec.vthisa fortnight old (nla,gnified) . 
m. , edge of mantle; I, 2, 3, primary rows of chaetae on sbell; I,' 2,' 3' 

primary ma'rginal groov'es. ~ 

turns upwards for a short distance at the right e'xtremlty of the 
free edge This groov,e I shall call the SUPRAMARGINAL GROOVE .. 

Immediately above the supramarginal groove 011 the ext'ernal 
surfa'ce of the mantle is a broadatld prominent ridge, which has 
been called the C( vvhiteband " on account of its lack of ,epidermal 
p.igment, but may be also known as the SUPRAMARGINAL RIDGE .. 
its surface is smooth and ciliated at birth in all the spec·es exam­
ined at this period) and in Lecythoconcha its limits are not clearly 
indicated. 

In the foregoing paragraphs I have described the external struc­
tut'e of the m'arginal region as it exists at the birth of th,e young 
lnollusc, it remains to be seen how far it alters in the cour~e of 
post~embryonic development. There i.~ greater specific and generic, 
varlation in this respect than there is in the p.rimitive structure, for 
while in some species and ,genera the marginal processes are greatly 
reduced in the adult, in others they retain the~r primitive condi­
tion, while in .yet others they incr,ease in proportionate develop 
ment. I was under the impression that they di~appeared com-
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pletely in the adult of V dissinLilis and L. lecytlzis, so lon'g as I ex­
amined only preserved material; but at any rate the,three primary 
processes can be qnite easily detected in the largest living indi. 
viduals of the former species, while in full grown specimens of the 
Lecythoconcha, at least traces of the peripheral process sometimes 
persist and probably remain functional throughout life. In L. lecy­
this (fig. I3) the primary processes are very conspicuous for at least 
a fortnight after birth on account of their bright yellow colour as 
well as their pronlinence. Major Sewell (p. 220) has shown that 
even ,vhen the processes have apparently disappeared in V bengal­
ensis their position is apparently indicated by streaks of yellow 
pigment. In V oxytropis both the primary and the secondary pro­
cesses increase ill actual size with the growth of the animal. In 
the living adult they .are not so easily seen as the primary proces­
ses in the young of Lecythoconcha, 'because they are usually retro­
verted inside the shell when the animal is expanded, but even in 
material preserved by immersion in strong spirit and killed in a 
highly contracted condition, they can be detected \vitbout difficulty 
as soon as the shell is removed. 

'fhe fact seems to be, therefore, that these marginal processes 
are characteristic of the Vi viparidae as a family. They differ 
in position and structure, and probably in function, from the pro­
cesses present on the mantle of certain genera of Melaniidae, 1 and 
I have failed to trace them on. that of any Hydrobiid. Their 
presence is, however, frequently concealed by contraction and 
shrinkage in preserv,ed specimel)s, and :-t:he extent to which they 
actually degenerate or persist in the adult differs in different 
speCIes. 

Other questions that remain to be ans were4 are those con­
cerned with diffe'rences in the system of marginal and suprainarginal 
grooves and in the supramarginal ridge at different periods in the 
life-history of the Inollusc. What I have said of the marginal 
processes applies with equal force to the marginal grooves, except 
that in the adult of Lecyihoconclia the peripheral marginal groove 
is sometimes still more distinct than the peripheral process, but 
in considering the subsequent history of the supramarginal groove 
another factor must be considered, viz. that of periods of growth 
and of rest. These affect the groove indirectly by affecting the 
ridge that lies immediately above it and can be discussed most 
conveniently when considering the internal structure of this ridge 
(p. 252). One point that may be noted here is that the cilia dis­
appear from the surface of the ridge at an early period in post­
embryonic life and that when the glands in it are in a state of 
activity its surface is minutely ridged at right angles to its own 
axis. Further, in growing specimens of T aia intha, preserved in a 
half-expanded state, the ridge bears cushion-shaped sweHings oppo­
site to, but much broader than, the primary processes. 

1 See Benson, Gleanings in Science I, p. 21 (1830), and Annandale, Rec. Ind. 
Mus. XIX, p. 109 (1920). 
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It has not been necessary to say much about the edge of the 
mantle between the processes, the external stl~u('ture of which of­
fers no particular feature of interest at any time of life in most 
species. The difference between its conformation in Vivipara and 
Taia on the one hand and Lecythoconcha and Margarya 011 the 
other, already noted in the young (p. 249), is accentuated with the 
growth of the individual. It is, however, somewhat exaggerated 
in highly contracted or shrunken specimens. Another important 
generic difference, not following the same lines of division, may 
now be noted. It has a much more direct bearing on the special 
object of this section of OUt paper, as it is evidently correlateq with 
the glyptic ornamentation of the shell. In Vivipara and Lecytho­
concha the edge when fully expanded is straight, or rather curved 
in a wide arc outwards. It is, indeed, capable of considerable 

~.g. 

I 
I p. 

p.g. c.e. 
I , , 

I I 

~' c. 

FIG. I-t.-Horizontal transverse section through part of the edge of the 
mantle at the base of a primary nlarginal process of an adult Vivipa1"a oxytropis 
(Benson). highly nlagnified and slightly diagramnlatic. 

c, calcareous concretions; c.e., ciliated epithelium; m.g., marginal groove of 
primary marginal process; p., pigment -granules; p.g., periostracal glands; s.g., 
calciferous glands. 

change of shape and may become distinctly sinuate; but the irre­
gularities of outline are mere irregularities without definite posi­
tion or apparent function. This is also so in L. lecythis. It is 
unfortunate that I have not had an opportunity of examining 
either Taia or M argarya in a living condition in this connection, 
and in contracted specimens of these genera preserved in alcohol I 
can find no peculiarity of the edge of the mantle. In young exam­
ples of Taia intha, however, which were paralysed with menthol 
and fixed in 5% formalin without being fully contracted, a broad 
lobular projection can be detected at the base of the terminal 
sc~le .. 1ike projection on the peripheral ridge of the shell, proceeding 
for a short distance into the anterior cavity of the projection. 

EPITHELluM.-Tbe epithelium of the extreme edge of the 
mantle is, as already stated, provided with long and powerful 
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cilia. The cells are relatively deep and narrow and have large, 
deeply-staining nuclei. Unicellular glands do not occur "among 
them. Epithelium of this type extends over both surfaces of the 
marginal processes and over the floors of the nlarginal and supra­
marginal grooves. Above the latter it gives place, but not abruptly, 
to non-ciliated epithelium containing unicellular glands. The 
change is gradual, the cells becoming shorter and stouter and the 
cilia more feeble and finally non-existent. On the surface of the 
supramarginal ridge, however, epithelium is usually absent after 
birth, the underlying glands being exposed on the surface. 

",sm.r. 

II~~#/,sm. gr. 

A . 

.-8. 

FlG. 15.-Vertical section through the edge of the mantle in the adult Tat'(lJ 
elitoralis, A.nnandale," in a period of arrested growth. 

A. The whole structure (x8o). 
B. Region of the supramarginal groove tHOre highly magnified. 

b.s., blood-sinus; e., non-ciliated epithelium; e'., ciliated epithelium; m., 
external retractor muscle; mil., muscular network; p., pigment granule; p.g., 
part of periostracal gland; s.g., degenerate remains of shell-gland; sm. gr., supra­
marginal groove; sm. 1'., supramarginal ridge; y.g., yellow granules. 

CONNECTIVE TISSUE.-Two kinds of connective tissue can be 
distinguished in the marginal region of the mantle of the Viviparidae. 
The bulk of the roof of the branchial chamber consists of a pecu­
liar kind of cells closely resembling that of which the adipose fins 
of fishes are mainly composed and identical with those of the foot 
of the molluscs. These cells are of very large size and of polygo­
nal outline (pI. iii, fig. 3). Their walls are thick, their nuclei very 
small and they are gorged with a gelatinous substance evidently 
not protoplasmic. Immediately under the epithelium of both sur-
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fa'ces of the mantle a thin layer of undiffer'entiated connectiv'e 
tissue can also be distinguished. It is thicker at some places than 
at others but has no particular feature of Interest.. 

MUSCI</~s,-The muscular system of the mantle is complex in 
all genera of the family, but more so in some than in others.. In 
V ivipa,a it is comparatively simple. In this genus a r'eiatively thil1 
she,et of longitudinal fibres extends down the 'external surface as 
far :as or nearly :as far .as the upper limits of the supramarginal 
ridge,. This may be called the EXTERNALR}tTRAC1'OR OF 'tHE 
MANTLE. · In a corresponding position on the internal surface a few 
fibres of a sinlilar nature can be distinguIshed, but they are poorly 
developed. In ,the neighbourhood of the supramarginal ridge a 
strand of oblique or 'nearly transverse tlbr,es runs along parallel'to 

FIG. 16.~Microphotog"f'aph of vertical section t'hr,ough the edge of the mantle 
in Marg,arya melanQides , 'ar. c.arill,ata , NetlmaYI\The ciliated -epithelium has 
been renloved from the surface below the shell-glartds. 

h.s., blood .. sinus; e., ep' theliu ttl , m., externaJ retr,actor muscle; m''''., muscular 
network ;s.g,., calciferous gland; y.g., yellow granules. 

the margin rather deeper in the tissues and forms the SPHINCl'SR 
OF THE MANTLE. Its structure is simple in this genus and it is 
not powerfully developed. Finally, the external retr:a~cto'r se'Q.ds 
numerous fine branches ohliquely into the thickness of the mantle, 
in which they ramify and an:astomose to form a loose MUSCUI,AR 
NETWORK. 

In other gen,era the same elements of musculature are found, 
but variously -developed. In Taia' and Ma1ga,ya, in which the 
sphincter is still more feebly developed, the muscular network is 
closer and bas much smaller meshes and the individual strands Qre 
finer. In M,a1'ga.rya, in which the mantle is greatly thickened, it 
is better developed than in Taia. 
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It is, however, in Lecythoconcha, in which also the mantle is 
thick, that the muscles are the nlost powerful among the forms 
examined. The external retractor and its branches are both very 
coarse, but the latter are not numerous and the muscular network 
is not well developed. The sphincter, hO\lvever, is both thick and 
complex, consisting of several strands \vhich run obliquely in the 
midst of the shell-glands. Their position in reference to the edge 
of the mantle differs in different states of expansion and retraction 
(figs. 3, 4, pI. iii). 

NERVES.-I have not attempted to work out the nervous sys­
tem . of the marginal region in detail allq. have not observed any 
external sensory organs. The whole of the roof of the branchial 
chamber is supplied by nerves arising from the parietal ganglia 
(Sewell, p. 240). In the marginal region a fairly stout transverse 
nerve can be readily distinguished, pursuing an irregular course 
above the supramarginal ridge, some parts of it being much nearer 
the margin than others. From it finer nerves run down at irregular 
intervals among the shell-glands. l'heir position is not definitely 
correlated with that of the lnarginal processes (fig. 12 B, p. 248). 

VASCULAR SYSTEM.-The marginal region of the nlantle is 
highly vascular in all species of Viviparidae examined. Definite 
blood-vessels can be seen entering it, but for the most part the 
blood is contained in irregular sinuses without definite walls. 
These reach their maximum development in the primary mar­
ginal processes of V ivipara oxytropis (pI. iii, fig. 5), in which the 
connective tissue has a strictly Cd. \Ternous structure. A vascular 
system of this· type cannot be investigated in detail without 
careful injection. 'l'his method I have not attempted to adopt as 
it is quite sufficient for my purpose to know that the processes, 
and indeed the whole of the edge of the mantle, are erectile rather 
than muscular, though their erectility is doubtless correlated with 
the action of the nluscles of the roof of the branchial chamber. 

SHELL-GLANDS.-A most important part of this investigation 
refers to the structure, position and function of the glands that 
secrete the substance of the external layers 1 of the shell and their 
relation to the external structure of the marginal region of the 
mantle and the ornamentation of the shell. The main facts about 
these glands have long been known and certain important points 
were made clear by Leydig,2 Mer and Longe 3 and Moynier de Ville­
poix,' but I have failed to find in zoological literature any discus­
sion of their comparative anatomy and functions in,any one family 
of Gasteropods. As my own observations are in general agreement 
with those of the authors cited I will give an account of what I 
have myself seen without further historical discussion. 

I I do not propose to deal with those that secrete the internal nacreous layer. 
:2 Zeits. f. TViss. Zool. II, p. 123 (1 850 ). 
SCamp. Rendus XC, p. 882 (I 880). 
~ Camp. Rendus CXIII, p. 317 (I89J) and CXX, p. 512 ( 1895). 
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The glands (fig. I4, p. 252) concerned with s~el1-sculptt1re iiI 
the Viviparidae belong to two distinct series, differing in structure, 

.-·d. 

FIG. 17 .-V ertical section through part of 
the periostracal gland in an adult V:ivipara 
contecta (lVlillet) towards the end of a period of 
growth (X ca. 333). 
_ d., duct of gland; g.e., gland- cell; m., fibres 
of sphincter of the mantle; p., suffused black 
pigment; p.g., black pignlent granule. 

position and function. 
We may call them respec­
tively CALCIFEROUS and 
pERIOSTRACAL GLANDS in 
reference to the nature of 
their secretions. 

The periostracal glands 
are the smaller, less cons­
picuous and nearer to the 
free edge of the two 
series. 'fhey lie opposite 
the bases of the marginal 
processes and extend both 
upwards beneath the cal­
ciferous glands and down­
wards into the processes t 

at the base of which they 
open into the supramar­
ginal groove by a series 
of very minute pores, one. 
for each gland (pI. iii, fig. 
I). In the young molluscs 
at birth each gland is a 
simple tubule formed of a 

single layer of gland-cells and more or less twisted in its course, 
which is tangential to the free edge and lies amidst the thick-walled 
cel1s of the interior of the marginal region. Later the giands be­
come contorted and the cells proliferate to form an irregular mass 
(pI. iii, fig. 3). A definite duct is then developed, lined with very 
min'ute flat epithelial cells. It makes its way to the external pore­
from a small reservoir lying in the substance of the margin and 
also lined with minute flattened epithelial cells. Into this the 
secretion of the gland is evidently poured. The gland-cells (fig. I7) 
are relatively small and ovoid in outline. Their contents do not 
stain deeply except at birth and they become very inconspicuous. 
in periods of arrested growth. In those species of Viviparidae 
that have dark-banded shells, such as V bengale-nsJ's, V oxytropis, 
V contecta, and the young of Taia intha and T elitoralis, verY 
minute granules of black pigment are found in the cells and lining 
the ducts of the glands, but they are absent or very scarce in 
species with unicolorous shells, such as those of V dissirnilis and 
L.lecythis, except at the end of growth-periods, \vhen dark pigment 
l11ay become widely suffused among the interior cellc:; of the mantle­
and is then by 110 means confined to the immediate vicinity of the­
periostracal glands. 

The calciferous glands are .larger, more llUmerQUS and more­
conspicuous, and occupy a higher and more superficial position on 
the mantle than the periostracal glands. They undergo, more;..·-
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over, greater changes in the course of post-embryonic life and show 
a greater range of structural difference in different genera. I shall 
first describe them as they occur in the young of Lecythoconcha 
tecythis at birth, for they are greatly hypertrophied. at the time in 
that species, occupying practically the whole of the external layer 
of the roof of the branchial chamber, lying itnmediately or almost 

, 
/ 

/ 
/ , 

I g.c. 

_---me 

FIG. 18 -Vertical section (slightly oblique'! through part of a calciferous 
gland of the same individual as figured in fig. 17 (same magnification). 

g.e'., necks of gland~cells opening on the external surface of the mantle; 
g.e"., degenerating gland-cells. Lettering otherwise the same as in fig. 17. 

immediately beneath the external epithelium and extending do\\rn­
wards into the substance of the Inantle for nearly half its thickness. 

In a vertical section of the mantle passing through the peri­
pheral marginal process (pI. iii, figs. I, 2) the tissues can thus be 
separated at sight under a low power of the microscope into an 
external glandular area and an internal vascular layer. It is with 
the former we are at present concerned. At the extreme margin, 
in the substance of the process, the periostracal glands can be dis-
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tinguished, lying in the external part of the vascular .layer. Ex­
terll.al to them, and not extending quite so far downwards or en­
tering the process, the calciferous glands oc,cupY the ,vhole of the 
glandular area., 'fhese latter glands form in sections of the kind a 
series of minute tubules with their main axis at right angles to the 
suria,ce, but a careful examination of , a series of sections indicates 
that the tubules are not really separate but form a continuOlls or 
almost continuous tube with numerous closely adpressed loops. 
The uppermost loops are already degenerating and do not stain well 
and those quite near the margin aI'e not ,closely adpressed and 
have their cells smaller and probably not yet fun'ctional. In th,e 
upper part of the marginal region, however, the glands are well 

FIG. I9.~Microphotog-raph of a \'e:rtkal section thr,ough the anterior part of 
the body of a young Vivipar(t contect,a just before birth, to show general position 
of shell.glands. 

gj.,gin·filaments; l., foot; In., .tnSl1tle ; mt.,mouth; p.g., pedostracalland; 
gr., radula; s."., c,aldferous glanu; sp. gr., supramarginal groove; 0.1., operculi .. 
ferous lobe of foot . . 

developed and evidently functional. Her,e they consist of large 
deeply staining cells arranged in parallel rows from just below the 
external epithelium inwards to the base of the glandular layer. 

In th,e young of other species (fig. 19) the structure of these 
glands is not les~entially different, though they do not occupy 
nearly so large an area and are relatively much smaller. Their 
tubular conformation and tbe adpressed loops of the whole gland 
are just as well marked and the cells are similar inform and-ap· 
pearance. 

At subsequent growth stages, however, a consid'erable change 
takes place. "l'he cells are greatly reduced in numbers but in­
creased in size and become alnpulliform 'with extremely elongate 
(' necks" and swollen proximal parts. 1'be loops of the primitive 
gland, moreover are converted into groups of cells of the kind. 
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each arranged round a small and ill-defined space. Their swollen 
proximal extremities lie buried in the mantle, while their necks 
extend outwards., closely pressed together, and reach the external 
surface. 

In a vertical section they have in the 111ass a fibrous appearance 
\vhich renders them liable to be mistaken for muscle fibres unless 
differential stains are used, and as the main axis of the cells is not 
quite at right angles to that of the surface, sections have to be 
slightly oblique to sho\v their structure in detail. 

The extent to which degeneration of the calciferous glands 
takes place in the rest-periods that succeed those of active growth 
differ in different species and probably in different circulnstances, 
but they never completely disappear and even \vhen completely 
degenerate form a conspicllous feature of sections of the marginal 
region of the mantle even under low powers of the Inicroscope. 
Generally speaking, the degeneration appears to be greater in forms 
from a colder climate than it is in tropical species, probably be­
cause the alternate periods of growth and rest are more absolute 
in the forme~. Major .Sewell's observations on the rate of growth 
~n V ivipara bengalensis in Calcutta (p. 280) seem to show that 
6rowth may be, if not absolutely continuous, at any rate very 
readily revived at any time of year, whereas in Taia intha, which 
lives at an altitude of 3000 feet in a l11uch colder climate, few shells 
were observed in early spring that appearen to be in a state of 
active growth. 1 find that the European V contecta agrees with 
this species and its congener V elitoralis frolll the same lake and 
also with 1),1 argaryct 1nelanoides (fig. 16, p. 254), which lives at greater 
altitudes in. Western China, in having the glands very degenerate 
in periods of rest, whereas in V bengalensis, V dissi1nilis, V oxy­
tropis and Lecythoconcha it alters little in structure . 

. In those species in which the glands become most degenerate 
in periods of rest, as for example in Taia elitoralis (fig. IS, p. 253), 
the periostracal glands practically disappear, while th~ calciferous 
glands are reduced to an amorphous mass in which the cell.,limits 
are distinguished with difficulty. 1'his is most marked in their 
, , necks," which fuse together to form a structureless or almost 
structure~ess layer on the external surface. When this occurs the 
flat epithelial cells of the upper part of this surface encroach to 
some extent on the area previously devoid of epithelium, while 
the ciliated columnar cells of the extreme margin apparently 
become more vigorous but do not extend upwards beyond the 
position of the supramarginal groove, which practically disappears 
as such. In preserved specimens in this condition I am unable to 
detect any trace of the marginal processes and grooves, but pos­
sibly they may be still present in the living animal. 

The degeneration of the gland-cells is correlated with the 
secretion of certain yellowish granules of variable size and irregular 
shape, which are formed in them and finally become very conspic­
uous, even when the mantle is examined whole as a transparent 
object under a low po,,'er of the microscope (fig. 12, p. 248). 
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REFRACTILE BODIEs.-Throughout the vascular parts of the 
anatomy of the Viviparidae, and especially in the mantle, numer­
ous small refractile bodies can be distinguished under a low power 
of the microscope. They are spherical or occasionally ellipsoidal 
in form and become more numerous in the half-grown and adult 
anim al than they are in th e young. Their size varies in different 
species and they are largest (among the forms examined) in Lecy­
thoconcha lecythis. Unstained they are colourless, but they absorb 
stains such as haenlatoxylin and borax carmine readily and these 
stains, if the bodies are cut in se~tionsJ penetrate throughout their 
substance. They dissolve, however t immediately in acid and 
therefore disappear in a technique in which the use of free acid is 
involved, leaving open spaces that may easily be confused with 
small blood-sinuses. Their' position is extracelhilar, but they 
occur in the peculiar gelatinous tissue described above. When the 
nlollusc is ill a state of active growth they congregate in large 
numbers between the shell-glands anrl the internal surface of the 
lnantle (fig. 14). Externally they are perfectly smooth.· Their 
internal struct.ll:re is lamellar and concentric, but the la~ellae of 
which they are cOluposed are not numerous. 

The structure of the shell-glands of both series is essentially­
similar in the Melaniid genera M elanoides and A crostolna to that 
here described in the Viviparidae. As de Villepoix 1 has shown 
that it is also similar in Helix, we may assume that it is of a type 
widely distributed anlong the Gasteropod molluscs. I twill there-· 
fore be worth while, before discllssing the function of the glands 
and of the tnarginal region generally in relation to the ornamenta­
tion of the shell, to sumnlarize the description already given so 
far as its main points are concerned. I have been able to find no 
detailed account of the external structure of this region, which 
probably differs greatly in different forms, in any other family. 
Even if certain features are peculiar to the Viviparidae, parall~l, if 
not precise~y analogous) features probably exist in other families~ 

SUMMARY ACCOUNT OF Tl-IE ORNAMENTATION OF THE SHELL. 

1'he ornamentation of the shell in the Viviparidae is partly 
periostracal, partly impressed on the outer calcareous layers. In 
the embryonic shell, including the protoconch, both horny and 
testaceous structures are already concerned, but the periostracal 
ornamentation, when magnified proportionately) is the more con­
spicuous. 

The periostracal ornamentation is, at any rate in some species) 
both glyptic and coloured. Its sculpture is minute and consists 
of spiral rows· of horny chaetae, fine spira.l ridges and still finer 
oblique longitudinallines. These are best developed in the fully­
fonned embryo and as a rule disappear or become obsolete (with 
the exception of the longitudinal lines, which tend to become mor~ 

-----_._---------------

I de \Tillepoix, Compfes Rel1dus CXX. p. 512 (1895). 
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prominent) in the full-grown shell. Three primary rows of perios-
·trac~l chaetae can be distinguished, the best developed of which 
runs round the periphery of the whorls, while the other two are 
situated above it. The peripheral row, though the IllOst impor­
tant of the three, is the latest· to be formed and only the first or 
uppermost row extends to the apex of the protoconch. In some 
species (e .g. V i'l'ipara dissimilis), two arlditional rows of chaetae 
are present on the embryonic shell, one between the peripheral 
and middle ro\v anq one above .the first row. These chaetae are) 
however, smaller than those of the three pd mary rows. 'rhey are 
homologous with two of the fine spiral ridges on the she1ls of other 
species. . 

In those species in which the shell~ are ornamented \vith 
bands of da~'k pigment the colour-pattern is periostracal in origin, 
though the calcareous matter may be slightly stained. The bands 
correspond in position wjth the rows of .chaetae and spiral ridges. 

The test-sculpture (i.e. that of the outer calcareous layers of 
the shell) also corresponds in position \vith that of the periostracum. 
In shells of the family in which it is highly developed, it consists 
tnainly of prominent spiral ridges. ·These ridges tnay be smooth 
and uninterrupted (as in Lec'Vthoconcha lecytllis) or broken up more 
or less distinctly into series of tubercles, (as in some individuals of 
Taia nat-icoides) , scale-like projections (as in the most highly deve­
loped shells of Taia and M argarya) or even spines, as in the fossil 
Rivularioides. ] They may be ho How as in V oxytrofJis or solid as 
in the Chinese V lapilloru.m. In practically all shells of all types 
the most prominent and most highly developed ridge corresponds 
\vith the peripheral row of chaetae, and in a largf! proportion those 
that correspond with the two other primary rows of chaetae are 
better developed than any others. Moreover, each ridge corres­
ponds either with one of tb e primary rows of chaetae or with a 
secondary ridge of the periostracum. 

SUMMARY ACCOUN'£ OF THE STRUCTURE OF THE EDGE 
OF THE MANTI.E. 

\Ve may summarize the structure of the distal part of the 
'lnantle in the Viviparidae as follows ;--

The free edge of the mantle is membranous I but much thicker 
in some genera (e.g. Lecythoconcha) than in others. The margin 
bears at least three digitifornl processes, which are better deve­
loped in some species (e.g. Vivipara oxytropis) than in others, and 
are usually obscured by contraction and shrinkage in preserved 
material. In addition to those three primary processes other, 
smaller processes are present, probably in all cases, but are still 
more difficult to detect except in the living animal and may per­
haps become vestigial in the adult of certain species. These pri­
mary and secondary processes corre~pond in position with the 

t Annandale, Nee. Geol. SUY7J. Jud. L, pI. xxxiii, fig·s. 7-12 (1919). 
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periostracal sculpture. Immediately above the processes a groove 
runs transversely across the external surface and fronl it short 
longitudinal grooves are given off at right angles and run to 
the tip of the processes. Above the transverse supramarginal 
groove and running parallel t.o it, a convex ridge, varying in 
breadth and prominence at different stages of growth, can usually 
be traced. For it I have proposed the name of supramarginal 
ridge. The margin, including the grooves, is covered with col­
umnar ciliated epitheliunl as far up on the external surface as the 
lower edge of the supramarginal ridge. Except at a very early 
stage in free life (Lecythocollcha) the epithelium is degenerate on 
the ridge, and above it consists of non-ciliate cells. 

The snbstance of this part of the mantle is composed mainly 
of a peculiar kind of connective tissue consisting of polygonal cells 
with small nuclei, rather thick \valls and gelatinous contents, in the 
main non-protoplasmic. It is cavernous in structure, including 
numerous iU·define,d blood-spaces without cellular walls as ~Tell as 
true blood-vessels. Longitudinal lnuscles, sometimes powerfully 
developed, run do\vn the mantle under the external epithelium, 
and certain obliqne strands can also be followed out near the 
margin, forn11ng a sphincter round the aperture of the branchial 
chamber. A fine network of muscle fibres also extends inwards 
from the outer layer. The musculature is much more highly deve­
loped in SOlne genera than in others. 

The nervous system of the margin has not been worked out 
in detail, but an irregular transverse nerve, some parts of which are 
nea~er the edge than others, rUliS above the supramarginal ridge, 
and sends down fine longitudinal strands at intervals to the calci­
ferous glands. 

The glands whereby the greater part of the substance of the 
shell is secreted lie just above the edge of the mantle and are of 
two orders, the periostracal glands, which secrete the periostracum 
or epidermis of the shell, and the calciferous glands, which 
secrete the calcareous matter. The former are true multicellular 
glands of a vermiform shape, consisting of contorted tubules 
and opening to the surface by ducts with cellular walls. They 
lie some distance below the external surface in a transverse series 
along the extreme margin, for the most part beneath (i.e. distad 
of) the calciferous glands and \vith the main axis of each gland 
at right angles to the margin. Their ducts open into the supra­
marginal groove. 1\he calciferous glands are much more bulky and 
differ considerably in structure. They occupy the supramarginal 
ridge and as a rule extend slightly beyond it both above and 
below, lying only a short distance beneath, or actually on, the 
surface and having no cellular ducts. Like the periostracal glands 
they form a transverse series, though the nlain axis of each gland is 
at right angles to the margin. Each gland is at first an elongate 
cylindrical tubule of gland~cel1s forming a large nUlnber of closely 
adpressed loops in the external margin of the connecting tissue. 
The cells are large and do not appear to have any very intimate 
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organic connection inter see The lumen of the tubule has no 
special lining. At this stage ducts, perhaps of a temporary 
nature, can be detected in sections) but they form lnere gaps in 
the epithelium, leading out from in-defined spaces beneath it 
(fig. 2, pI. iii). Later the gland-cells become greatly enlarged and 
elongate and open direct on the external surface; while the tttbular 
character of the gland disappears. 

1'he calcareous matter secreted by the calciferous glands is 
apparently derived froln concretions scattered through the cJnnec­
tive tissue of the mantle and foot but congregated in large num­
bers immediately beneath the glands at times of active growth. 

'fhe secretion of the nacreous layers, probably affected by 
unicellular glands scattered over the ,vhole of the upper part of the 
mantle, is not discussed here. 

Function of the different parts of the Marginal Region in 
reference to the Shell. 

We are now in a position to discuss the function of the edge 
of the mantle in relation to the ornamentation of the shell. 
The first structures in the soft parts to be considered in this con­
nection are the marginal processes. They are not organs of 
secretion but, at any rate when hypertrophied as in V oxytropis, 
perhaps accessory breathing organs. l'hey are closely correlated 
in position with both the periostracal sculpture, the colour-pattern 
and the sculpture of the test. The connection between them and 
the periostracal sculpture can be traced without difficulty. They 
mould this sculpture, apparently as erectile rather than muscular 
organs. The horny matter that \vill form the thin outer cuticle of 
the shell is poured in a liquid condition into the supramarginal 
groove, in which it is kept in nl0tion by the cilia of the epidermal 
cells. I t runs down the longitudinal grooves on the external sur­
face of the processes and by them is deposited 011 the edge of the 
lip of the shell, over which they are retroverted as it consolidates. 
The three primary rows of chaetae are thus formed by the three 
prinlary processes, and in such forms as Vivipara dissz"milis in which 
there are more than three rows, those of the secondary rows by the 
best developed of the secondary processes. The upright form of 
the chaetae is due to the greater length of these processes. This 
enables them to project well beyond the lip and be curled up over 
it. The hooked tips of the chaetae are due to the fact that the 
tips of the processes are curved at the mOlnent of formation of the 
chaetae. The fine subsidiary ridges of the periostracum, which 
,vhen first formed project horizontally from the edge of the lip as 
fine hairs, are similarly produced by the subsidiary processes, their 
orientation being due to the fact that the moulding processes are 
short and cannot be curved upwards over the lip. 

In those shells which like Vivipara bengalensis have a pattern 
of dark spiral bands in the periostracum, the dark pigment is 
also poured out along the grooves on the external surface of 
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the marginal processes. This is proved not only by the position 
of the bands and their arrangement on the shell but also 
by the close correlation of dark pigment with the periostracal 
glands in such species and by its absence from the margin in those 
species the shells of \i\t hich are not ularked .with dark spiral bands. 
We may presume that, after the secretion of the horny fluid to 
form the chaetae and ridges) the pigment is poured out in a 
similar manner along the processes and deposited by them on the 
surface of the lip. 'l'he chaetae themselves are not coloured by it, 
and I do not think that the ridges are either, though this point is 
difficult to observe with certainty, because the dark bands do not 
appear until the shell has become fairly' opaque and the ridges 
prqject very little from the surface. 

To return to the periostracal sculpture, the fine vertical 
lines are evidently due to a pouring out of horny Inatter direct 
from the supratnarginal groove, with which they correspond 
exactly in orientation, each representing, so to speak, a separate 
act of ~ecretion. . 

The sculpture of the test also corresponds closely in position 
and arrangement with that of the periostracum and, indeed, so 
far as the minute sculpture is concerned, is practically a cast of it 
from which the upright chaetae are necessarily olnitted, just 
as· single upright hairs cannot be represented in a plaster cast. 
In Inost forms of Vivipara bengalensis, and indeed in most Vivi­
paridae, there is nothing more to be said on this point, but in 
those species which have highly sculptured shells, and even in 
some phases and individuals of V bengalensis, a further exposi­
tion is necessary. 

The highly sculptured shells alnong the Viviparidae fall into 
three categories, viz. (1) very thin she11s with uninterrupted, hollow 
spiral ridg.es; (2) thicker shells with uninterrupted, solid or 
almost solid spiral ridges, and (3) shells, thick or thin, with 
ridges that are more or less distinctly broken up into nodules, 
scales or spines. 

Of the first type, which is the scarcest of th~ three, V oxytro­
Pis is an excellent example. The shell, in spite of its large size, is 
exceptionally thin and fragile and the ridges upon it though promi­
nent are very little thicker than the intervening spaces on account 
of the well-marked concavity of their internal surface, which forms 
a regular groove. No peculiarity of the calciferous glands has 
been observed in connection with these ridges on the shell, and 
none is necessary to explain them, for they lodge the greatly 
hypertrophied marginal processes, the mere presence of which on 
the internal surface of the shell while the calcareous Inatter was 
soft is sufficient to account for their presence. 

On shells of the second type with solid uninterrupted tidges 
no satisfactory direct observations have been possible, owing to 
imperfect preservation of the material available, but the mar .. 
ginal processes are not hypertrophied as in V oxytropis and it 
may perhaps be assumed that the ridges are due to a certain 
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slight hypertrophy of the c.alciferous gland in a position on the 
mantle corresponding with them on the shell. This is indicated 
by the facts that even in smooth shells of V bengalensis the 
dark spiral bands are slightly thickened and that at the end of 
a growth-period the calciferous glands are often a little larger 
immediately above the primary marginal processes than at 
other points on the periphery. It is clear, however, that SOlne of 
the matter which occupies their base is nacreous, and we know 
that on the internal surface of the shell nacre can be deposited by 
almost any part of the mantle after the external ornamentation is 
complete. 

The third, most highly sculptured type of shell is the most 
interesting of the three, not only because of its peculiar facies but 
also because it has appeared and become dominant among the 
Viviparidae 1 on different occasions and in different places and 
different geological epochs. The test sculpture, even in this 
type of shell, corresponds closely in fundamental pattern with 
the primitive periostracal sculpture of the embryo of V bengalensis! 
that is to say that it consists essentially of spiral ridges 
bearing prominences and that these ridges have fundament­
ally a definite number and position on the shell exactly' similar 
to that of the three rows of chaetae and the secondary ridges 
of the embryonic periostracuUl, and that the most prominent 
ridge corresponds ,vith the peripheral row of chaetae. It follows 
tha t the interrupted ridges of the test in this type of Vi viparid 
shell are correlated at lea~t in position with the m~rginal processes 
of the mantle, but the connections bet.ween the structures on the 
shell and those on the soft part are certainly not so close as in the 
periostracal SCUlpture and cannot be stated with the same pre­
cision. Here again, however, we know that the test sculpture is 
not correlated as in V oxytropis with any hypertrophy of the 
marginal processes of the man tIe, which a.re slnall in both T aia and 
M argarya, and also that the processes show no essential difference 
of structure in individual shells of the former gen us in which 
the sculpture is less and more highly developed. 

If the lnode" of construction of the projections on the peri­
pheral and other ridges of the more highly developed shells 
of the genera T aia and 1\;[ arg,,1Yya can be explained, that of the 
remainder of the ridges is a simple matter. They cannot have 
been formed, so to speak, in the air (or rather in the water) but 
must have been built up in continuity with the edge of the 
lip. In the fossil Rivularioides they may be nearly half as long 
as the diameter of the whole shell. Their form suggests that they 
must have been moulded by some comparatively broad projection 
of the mantle edge. In contracted specimens of Taia and Mar­
garya no trace of any such strncture can be detected, and the 
extreme margin differs little from that of V dissimilis, which has 
a very smooth shell. It is unfortunate that I made no observa· 

L Annandale, Rec. Ceol. Surv.lnd. L, p. 209, pI. xxxi, figs. 8-11 (19 19). 
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tions on the living Taia that would have thrown any light on this 
point, but I have been able to examine some well-preserved speci­
mens of T intha in which the animal is partially expanded and 
the mantle not completely retracted. In those in which the 
growth-period ,vas completed when they \vere killed I can find no 
peculiarity in the margin of the mantle., which is either quite 
smooth or undulates gently, but in several specimens in which the 
extreme thinness of the lip proves that growth "vas still ill progress, 
the base of the youngest scale-like projection of the peripheral 
ridge is still hollow and contains a broad lobe of the mantle-edge, 
evidently temporary in nature. 

The projections on the shell, howeverJ are not only. of consider­
able length when highly developed, but contain a relatively large 
amount of calcareous matter. In both J'aia and Margarya the 
calciferous glands degenerate greatly in the periods of rest and ill 
full-grown individuals become very uniform all along the edge of the 
l11antle, but in a young gro",Ting specimen of the Taia intha I find that 
itnmedia tely opposite the peripheral ridge there is a cushion-like 
thickening of the supramarginal ridge due to the greater depth of the 
glands at this point. In the individual in which this observation 
was made a scale-like projection was in the process of formation. 
In others, in \vhich this was not so, the glands at the same point 
\vere not hypertrophied to any appreciable degree. 

It follows, therefore, that the projections are formed o\ving 
to periodical hypertrophy of the calciferous glands in the part of 
the mantle that lies immediately beneath the ridge on the shell, and 
moulded into shape by temporary lobes of the mantle edge. The 
difference between the sinooth ridges 011 the shell of such species as 
T7 ivipara lapilloru1n and the interrupted ridges, often with relatively 
long projections, .of such forlllS as Taia tOntha or the var. carinata 
of 111 argarya melanoides is probably, therefore, due to the local 
hypertrophy of the calciferous glands being in one type of shell 
permanent, and in the other temporary. Elongate projections 
on the ridges of the nlost highly sculptured shells of the .family 
are secreted thus and are modelled into shape b~r the temporary 
lobes. It is noteworthy that whereas the muscles are not so 
coarse, and the transverse fibres distinctly less well-developed, 
in the Inarginal region of the mantles of T aia and IJ1. argarya 
than in the smooth ... shelled Lecythoconcha lecythis, the two former 
genera. have a regular network of muscles pervading almost the 
whole mantle in a manner not observable in L. lecythis or any 
other species of the family examined. This nlay doubtless assist 
in the projection of temporary lobes from the edge of the mantle. 

The secretion of the periostracal glands probably mixes to 
some extent with that of the calciferous glands and forms the 
organic basis of the shell. 

The dark margin of the mouth of the shell to be noticed in 
many species of Vivipara when the growth-period is complete is 
probably due to a general suffusion of black pigment correlated 
with its accumulation in the tissues at such periods. 
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PART III.-SYSTEMATIC. 

By N. ANNANDALE. 

The smooth-shelled dark-banded Viviparae of India and Burma 
have given difficulty to all conchologists who have discussed them 
in a comprehensive spirit. This is because the shells are both 
variable individually and plastic in relation to environment. Local 
races are also liable to become differentiated, and we find a number 
of forms that appear at first sight to be specifically distinct but 
are actually linked together, as becomes evident where a sufficient 
number of specimens are examined, by innumerable intermediate 
types.. Nevill in his unfinished Catalogue 0.1 Mollusca in the Indian 
Museum (1877), of which the only fragment published dealt with the 
Ampullaridae and Viviparidae, and in his later but also unfinished 
Hand List 01 Mollusca in the I ndian Museum (1885), included most 
of those forms, with "several others, as varieties and subvarieties 
under the name Paludina bengalensis. So far as the species found 
in India proper are concerned, I believe that his judgment was 
in the main just, but the forms he assigned in 1885 to cingulata 
(from Assam) and polygramona, von Martens, I regard as specifi­
cally distinct. 

Under the specific name Vivipara bengalensis I include all the 
Indian forms of the genus with dark-banded shells, except the 
Viviparae oxytropides, undescribed species from Manipur and 
Preston's Vivipara nagaensis, the last of which I have not seen. 
Of V bengalensis I recognise the following forms :-

Race bengalensis (Lamarck). Race colairensis, nov. 
Race m.andiensis, Kobelt. Phase annandalei, Kobelt. 
Race nepalensis, Kobelt. Phase halophila, Kobelt. 
Race balteata (Benson). Phase incrassata, nov. 
Race doliaris (Gould). Phase pachydolicha, Annandale. 
Race eburnea, nov. 

Vivipara bengalensis (Lam~rck). 

1822. Paludjna bengalensis, Lamarck, Aninz. s. Vert. \'1 (2), p. 17"4 .• 
1920. V£v£para bengalensis, Annandale, Rec. Ind. Mus. XIX, p. 113. 

The shell is ovate as a whole, sharply acuminate and With a 
relatively large subcircular or almost rhomboidal mouth, which is 
never very oblique. The upper part of the shell is slightly conoidal 
rather than strictly conical. There are 51 to 6! whorls, the suture 
is narrowly impressed and the whorls are somewhat but never very 
greatly swollen. The spire is relatively large, usually a little 
shorter than, but occasionally longer than the body-whorl. Its 
whorls increase in size evenly and gradually. The body-whorl is 
slightly oblique and always considerably broader than high, as seen 
in dorsal view. In this view it expands but slightly towards the 



268 Records 0/ the Indian Museu1n. [VOl,. XXII, 

outer margin. 1'he umbilicus is narrowly perforate or completely 
closed, rarely more open, the columella is strongly arched, with a 
narrow margin and.by no means prominent} the outer lip is almost 
semicircular, sharp, thin and joined to the columellar margin above 
as a rule merely by a thin, glary deposit. In the adult shell the 
sculpture consists of fine longitudinal ridges, which are convex 
out\\rards and on the body-whorl sometimes take the form of fine 
irregular ribs er varices. Only traces of spiral sculpture can as a 
rule be distinguished on adult shells, but the young shell bears 
rows of very fine punctae, representing the bases of minute chaetae. 
The coloura tion varies considerably, but is always some shade of 
greenish-olivaceous, marked with dark spiral bands. These are as 
a rule narrow, but broader bands alternate with still narrower, 
often paler linear ones of the nature of C shadow stripes.' The bands 
are occasionally rendered obsolescent, though rarely or never 
quite obsolete, either by a general deposit of dark pigment or by 
an incomplete albinism. The fully developed nlouth usually has 
a narrow black rim. 

The operculum is moderately thin and of a deep brownish 
colour. The external surface is concave as a whole. The outer 
margin is strongly curved, the inner margin slightly sinuate and the 
posterior extremity bluntly pointed. The muscular scar is moder­
ately large and prominent, much deeper in colour than the rest of 
the operculum. 

In all races two types of shell can be found. They may be 
called the normal type and the elongate. In the former the shell 
is considerably more globose, broader in proportion to its height) 
with a larger nlouth and a shorter spire than in the other. The 
difference is not sexual, but apparently dimorphic. In most races 
the normal type is much the commoner, but in the phase annan­
dalei the proportionate numbers of the two are reversed, and this 
is also so in the race balteata. In the race colairensis the normal 
type is about as elongate as the elongate type in the forma typica, 
but shells of a still more elongate type are also found occasionally. 

In the /or1na tYPica and in the race rtZandiensis a third type 
of shell is sometinles found. It may be called the gigantic type, 
for its characters are great size, more swollen whorls, broader 
umbilicus and more projecting mouth. Sometimes, especially in 
large marshes, this type shows a tendency to predominate and 
almost assumes the rank of a phase. 

Yet a fourth type occurs, much more rarely than the others, 
namely, the canaliculate, in which the outline is extremely broad 
and the surface outside the suture deeply impressed. Single shells 
of this type have been found in the for'lna typica and in the dark 
form of the race eburnea. 

The elongate type of shell was called Paludina elongata by 
Swainson, the gigantic P. gigantica by Reeve and the canaliculate 
P. bengalensis var. canaliculata by Nevill, but I have avoided the 
Use of these latinized names, for as a rule they apparently 
represent mere aberrations. 
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Soft parts.-As yet we know too little about the details of the 
comparative anatomy of the Viviparidae to say with certainty what 
characters in the soft parts are of specific importance, but the 
following four points may be noted wherein a definite anatomical 
difference exists between V vivipara and other species for which 
information is available :-

I. The marginal processes of the mouth are moderately 
well developed, less so than in V oxytropis, but more so than in 
the adult of V dissil1tilis and V vivipara. Three are much larger 
than the others. 

2. The testis consists of a single lobe .. not of two subequal 
lobes as in V vivipara or of a large primary lobe with an ill-deve­
loped second lobe as in V dissimilis. 

3. The male tentacle is less differentiated than in V vivipara, 
but not less so than in V dissi1nilis and other Indian species 
exalnined. 

4. The righ t pleural ganglion is almost completely fused with 
the right cerebral ganglion, whereas in V vivipaya there is a short 
but distinct commissure. 

Radula. --The radula is chiefly noteworthy for the following 
points :-

I. The teeth are moderately large and stout and have their 
denticulation well but fiot immoderately prominent. 

2. The central is relatively large and considerably broader 
than long. Its distal margin is distinctly concave. The lobe in 
the middle of its cutting edge is quadrate, much broader than 
deep and relatively large. It has on each side of it at least five 
triangular denticulations, which are sharply pointed and decrease 
in size gradually from within outwards. 

3. The two laterals and the marginal on each side are rela­
tively broad and not very much longer than the central. Their 
denticulations are cOlnparatively coarse and on the laterals closely 
resenlble those on the central. On the margina1 they are much 
finer and there are over twenty. The upper extremity of the 
edge of this tooth is usually expanded to form a small triangular 
process. 

The foregoing description and observations are intended to 
apply to the species as a whole. I will describe separately the 
various races that occur in different parts of the Indian Empire, 
and then the phases, whose peculiarities are probably due to some 
physical factor in their environment acting directly on the 
individual, rather than to geographical isolation of the race. 

The anatomy of the Viviparidae, so far as it has been studied, 
is strikingly uniform in Inost respects and little or 110 recognisable 
difference has been found in the different forms of·V bengalensis 
so far as the radulae and soft parts are concerned. In the radular 
teeth slight racial peculiarities nlight perhaps be found, but they are 
so ill marked that it would be misleading to lay stress upon them. 

The different local races of V bengalensis have the following 
distribution. The forma typica is peculiar to the lower Ganges 
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valley. Westwards it is replaced, apparently quite gradually, by 
mandiensis and southwards by eburnea. The race nepalensis 
occupies the base and lower valleys of the Eastern Himalayas 
from NepaJ to the east of Assam, but in the plains of Assam is gra­
dually replaced by balteata, which in its turn gives way to doliaris 
in the valleys of Burma. In no instance is it possible to draw a 
precise line, either structural or geographical, between the different 
races. 

The form that I have called race colairensis differs from the 
others here recognised as races, in that it has been found only in one 
locality. A large number of individuals were, however, examined 
and the racial characters seem to be remarkably distinct. 

In a sense two (incrassata and pachydolicha) of the four 
phases here recognised, are modifications of the local race ebuf1tea 
rather than of the species as a whole, but in the other two (annan­
dalei and halophila) the phase-characters mask the racial ones and 
the phase is found in the territory of more than one race. 

For these reasons I have carefully avoided a specious appear­
ance of precision in defining the diagnostic characters of races and 
phases. I have also refrained from giving measurenlents of in­
dividual shells. These I have found most misleading in diagnosis, 
the differences in form depending not so much on point to point 
measurements as on the curvature and inclination of the outlines. 
Such differences can be property demonstrated only by good figures. 
Unless it is otherwise stated, I have examined large n~mbers of 
specimens of each race and phase frolll several or many localities. 

Race bengalensis (Lamarck). 

(Plate I, figs. 1-3.) 
1822. Pall/di1la bengalens£s, Lamarck, Anim. s. Vert. \'1 (2), p. 174· 
1822. Paludina elongata, Swainson, Zool. Ill. Ser. I, II, p1. xcviii, 

top. 
] 841. Paludt'na bengalensis, Delessert, Rec. de Coquilles, pI. 31, figs. 

2a,2b. 
1852. Paludina bengalensis, Kuster, in l\1artin and Chemnitz's Conch. 

Cab., Paludz'na I, p. 17, pI. 3, figs. 15,16. 
1862. Paludina bengalensis and P. gigantea, Reeve, Con. Icon., pI. ii, 

figs. Sa, Sb, and 7. 
1876. Paludilla bengalensis, and P. bellgalenst's var. g't"galltea, Hanley 

and Theobald, Con. /12dz'ca, pI. lxxvi, figs. 8, 9, 10 and pI. 
. lxxvii, fig. 5. 

1877. Paludin.a bengalensis, (Typical sect. in part) Nevill, Cat. Moll. 
Ind. Mus., pp. 26-28. 

1885. Paludina bengalensis (in part), with subvar. phaeostoma, elong­
ata, gigantea and canaliculata, Nevill, Hand List Moll. 
Ind. ilfus., II, pp. 20, 21. 

1909. Vi'lJipara bengalensis, Kobelt, in Martin and Chemnitz's, Conch. 
Cab., Paludina, II, p. 271, pI. lv, figs. 1-4. 

I regard the race found in the lower Ganges valley as the 
forma typica of the species.. The typical shell of this race is about 
Ii times as high as broad and the spire and body-whorl as seen 
in dorsal vie,v are about equ,ally high. The w.horls are rather 
tumid and the body-whorl is evenly convex in profile, not 
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biangulate. The mouth of the shell is sub-circular and has a 
narrow black margin when complete. It is nearly as high as the 
spire and very little oblique. The umbilicus is narrow. The colour­
ation is never very brilliant. The ground colour is greenish and 
opaque. The dark bands are variable and irregular, but the alter­
nating of broad and narrow bands can always be seen if the shell 
is clean. The bands are hardly incrassated. The interior of the 
shell is white. 

The elongate type of shell occurs occasionally with the typica 1 

one. In it the height is about Ii titnes the maximum diameter­
Its mouth is relatively small. The gigantic type is rarer than the 
elongate one, but occasionally occurs almost as a distinct phase. 
It is, however, also found with the typical form, apparently as an 
aberration. 

Nevill has given the name subvar. canaliculata to a curious 
shell from Raniganj in Bengal. This specimen, which is the only 
one,of the kind I have seen in this race, has a somewhat turbinate 
form and a broad, deeply impressed suture. It must be regarded 
as a mere abnormality. 

This race is usually found in large ponds, marshes and back­
waters with a properly aquatic vegetation. Where the vegetation 
is scanty the shells are usually dwarfed. 

Race mandiensis, Kobelt. 

(Plate I, figs. 4 and 10.) 

Ig09. Vivipara b,ngalensis, yare mandiensis, l{obelt, Opt cit., p . ..J.q., 
pI. lxxvii, figs. 8, 9. 

This race is so like the forma typica that I have kept it dis­
tinct with some hesitation and only after ascertaining that the 
differences persist with fair constancy over a large territory. These 
differences J small as they are, are well shown on plate I. rrhe spire 
is rather more conical and a little narrower than in the forma typica, 
the aperture not quite so broad, but more projecting, the umbili­
cus broader. There is great variation in colour, probably due to 
the nature of the water in which the animal lives. The shells in 
the type-series are pale, but have the alternating broad and 
narrow spiral bands well developed. Shells from Ambala in the 
plains of the Punj ab are very similar. Specimens from shallow 
ponds in Lahore have the shelrpale and translucent like opal glass, 
the periostracum extremely thin and evanescent and the dark 
markings often almost obsolete. In such specimens the animal is 
also very pale. Shens from the island of Bombay, on the other 
hand, are unusually brilliant in colouration, the ground-colour being 
bright olive-green and the bands well defined, dark and regular. 
Type-series. No. Ms08I/r Z.S.l 

Geographical ra.nge.-The type·series is said to be from Mandi, 
a small native state high up in the Kangra valley in the Western 
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Himalayas, but the fauna of this district is mainly Palrearctic and 
the occurrence of V bengalensis needs confirmation. The speci­
mens examined by Kobelt, moreover, agree precisely with those 
from the plains of the northern Punjab. The range of the race 
certainly extends from Allahabad at the junction of the Jumna 
with the Ganges to the northern limits of the plains of the Punjab 
on the one hand and to the shores of the Arabian Sea at Bombay 
on the other. It may be described as the common race of.north­
western India. 

Both the "elongate" and the "gigantic" type of shell 
occur in this race occasionally, but the "normal" type is very 
much more common than either. 

I have found this race in the Punjab in small ponds that in 
winter "vere extremely shallow and completely devoid of phanero­
gamic vegetation. In such environment the mollusc buries itself 
in the mud as the water dries up. 

Race nepalensist Kobelt. 

(Plate I, fig. 7.) 

1909. ViftJipara bengalensis, var. nepale1lsis, I{obelt, op. cit., p. 44, 
pl. xxlvii, fig. 10. 

This race is rather more distinct from the /ortna typica than 
the preceding one, but many shells occur that would be difficult 
to assign to one race or the other and as a whole nepalensis 
merges so gradually into the still lnore distinct Assamese form 
balteata that it is impossible to draw a precise line between them. 
The shells are of moderate size, as a rule a little smaller than 
those of bengalensis. The whorls are more contracted and not so 
convex in outline, distinctly flattened as a rule outside the suture; 
the aperture is smaller, narrower and more pointed above and the 
umbilicus still narrower. The body-whorl often shows a tendency 
to beconle biangulate and the dark bands are sometimes incras ... 
sated. The colours are usually rather deep, but dull, and the bands 
are well developed. 

The 'c normal" type of shell is much the commonest, but 
t.he " elongate" type occnrs occasionally. 
Type-series. No. M5080jl Z.SsI. 

Geographical Range.-The range extends from the Nepal valley 
along the base of the Eastern Himalayas as far east as Siliguri, 
below Darjiling. At or near this point the race merges into the 
Assamese race balteata. Specimens from Gauhati on the Brahma­
putra, however, belong to it rather than to the latter. They are 
much nlore brightly coloured than specimens from Nepal. 

I found the race common in ponds with submerged and floating 
vegeta ti on at Ga uha tie 
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Race balteata (Benson). 

(Plate I, fig. 8.) 

273 

1836• Paludina bengalensis, var. balteata, Benson, Journ. As. Soc 
Beng. pte 2, p. 745. 

1909. Vivipara (bengalensis var.) balteata, Kobelt, Ope cit., p. 415, pl. 
lxxvii, figs, 11-12. 

Were all the shells of this race like the one figured by Kobelt, 
there would be little doubt as to the propriety of regarding it as 
specifically distinct; but his figure represents an extreme type, 
\vhich, though common, is by no means universal in the race. My 
own figure (pI. I, fig. 3) represents a shell that goes almost to the 
opposite extreme. Both types are present in several series exam­
ined fro1n Sylhet and the eastern parts of the Brahmaputra valley 
It will be noticed that Kobelt's figure represents a small shell of 
the cc elongate" type, mine a larger one of the' C normal" type. 

Most shells reselnble the former. They rarely exceed 20 mm. 
in height and are narrow in proportion. 'fhe whorls are sonle­
what contracted, the aperture ovoid and the umhilicl}s closed. The 
dark bands are well developed and sometimes all of them are very 
narrow. 1.~hey are frequently thickened and prominent. S4el1s of 
the" normal" type are often- larger, with a very large suh-circul ar 
aperture. Their bodY-"Thorl is frequently almost biangulate, and 
the dark bands alternate in width. Intern1ediates between the 
two types are not uncommon. In both types, the shell is very 
thin" and quite transluc~nt when fresh. Specilnens can often be 
found so sitnilar to some of those of the Burlnese race doliaris 
that they can hardly be distinguished from them. Others closely 
resemble Peninsular shells of the phase annandalet'. 

Geographtcal Range.-The headquarters of this race is the 
Sylhet valley in southern Assam', but it also occurs in the eastern 
part of the valley of the Brahmaputra. It is absent froln 
Manipur. There are specimens in the Indian Museum labelled 
Siliguri but this is probably a mistake for Silcuri in Cachar, 
\vhere Benson originally obtained specimens. 

I am informed that this race is often found in flooded rice­
fields. 

Race doliaris (Gould). 

(Plate I, fig. 9.) 

1843. Paludina doliar£s, Gould, P1'oe. Bost. Soc. Nat. Rist. I, p. 14-J. 
1869. Paludina digona, Blanford, Proc. Zool. ·Soc. London., p. 445. 
1876: Palu¢.ina diguna, Hanley and Theobald, op. cit., pI. cxv, fig. 7. 

The most characteristic feature of this race is the one des­
cribed in Blanford's name digona. The biangulate outline 
of the body-whorl is due to the pr~sellce of two spiral ridges 
\vhich are merely dark bands thickened, but this feature is not 
equally developed in all individuals and in some is ahnost absent. 
In typical specimens the aperture is exceptionally large and wide, 
the columellar edge prominent, and the umbilicus rather broad; 
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but these characteristics are inconstant, especially in shells of the 
(( elongate" type, which are found not uncommonly. In both 
this and the "normal t, type, however, the shell is relatively 
broader than in the corresponding types in the forma typicaJ and 
the upper surface of the whorls is more or less broadly and 
obliquely flattened; the dark bands, which have the typical 
arrangement, are as a rule slightly incrassated and the aperture 
is subangulate, at allY rate to a slight degree, at its outer and 
lower extremity. The size is usually larger than that of balteata 
but a little smaller than that of the forma typica. 

In some respects the three eastern races (nepalensis, balteata 
and doliaris) represent a developmental series and would seem to 
indicate that there has been a tendency for the species to develop 
along certain lines as it proceeds eastwards, notably in the 
assunlption of dark spiral bands of a pronlinent character and the 
special development of two of these bands as keels. A similar 
line of development can also be traced, but less completely, in the 
Peninsular phases of the species. 

Geographical Range.--The race doliaris has its headquarters 
in the valley of the Irrawadi, down which its range extends at any 
rate fronl Bhamo to the delta. It is also found on the lower 
Siltang and probably on the lower Sal\veen. 

Race eburneat nov. 

(Plate II, figs. I-2.) 

In this race the shell is as a rule slightly narrower than in 
the forma typica and its aperture smaller; the body-whorl is also 
less enlarged and does not project ol1twards to the same extent in 
dorsal view. The whorls are narrow but distinctly flattened 
outside the suture and the body-whorl sometimes shows a ten­
dency to become biangulate. The longitudinal striae are very 
fine and as a rule more regular than in bengalensis (s.s.), and strong 
traces of spiral sculpture can nearly always be detected with the 
aid of a good hand-lens. The aperture of the shell is slightly 
pyriform and the umbilicus is very narrow if not completely 
closed. The shell-substance when fresh has an ivory-like appear­
ance. 'rhe outer surface is lightly tinged with yellowish olive and 
the spiral bands are never very dark. Sometimes they are obsoles.,. 
cent) but traces of them can usually be found at any rate on the 
upper whorls and the a1ternating broad and narrow bands are 
often quite clear. Sometimes the dark bands coalesce on the 
body-whorl. The aperture never has a black rim. 

Elongate shells are not uncommon and individuals inter­
nlediate between this type and the normal one occur more fre­
quently than in the forma typica. 

The anim al in this race is pale olivaceous and has a peculiar 
translucent appearance, but the yellow spots characteristic of all 
races are never obsolete. 
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Type-series. No. 1\'III960/2 Z.S.I (from the Keligiri reservoir 
Nellore district, Madras). 

Geographical Range.-This is the race commonly found in the 
large reservoirs of the Madras Presidency and the central parts of 
India. It occurs in abundance as far north as Sambalpur in the 
interior of Orissa and has been collected occasionally in the south 
central parts of the Ganges valley. Specimens from the northern 
parts of its range are nearer the torrna typica than those from the 
eastern districts of Madras. Nevill states (Cat. Moll. Ind. Mus. 
p. 27) that the spiral bands are sometimes absent in specimens from 
near Calcutta, but such specimens are mere albinistic aberra­
tions and do not resemble eburnea in other respects. 

The race is usually found in perennial bodies of still water. 
It reaches its maximum development among algae growing on 
stones. 

I include provisionally in this race a small series of specimens 
fronl a large pond in the to\vn of Godaveri in the eastern part of 
Madras. The shells are similar in shape but have the suture more 
impressed. In one specimen, indeed, it is canaliculate, and so 
deep that it forms an actual break in the shell at certain points, 
where the soft parts are exposed; but this shell was evidently 
diseased. The piglnentation of the shell is very dense, the outer 
surface being blackish brown with only traces of the spiral bands, 
while the interior is deep blue. The animal ,vas also very 
dark. 

These specitnens were found amongst dense masses of the 
Water Hyacinth and Pistia stratiotes, so congested that many of 
the plants were rotting. Their peculiarities may be due to this 
fact. 

Race colairensist nov. 

(Plate I, figs. 5-6.) 

This race is one of the most distinct with which I anI 
acquainted. It is remarkable for the elongate form of the shell and 
its relatively small aperture, which is almost circular. These 
features are noteworthy both in the normal and the elongate 
type, which occurs rarely with the former. The shell is of very 
large size, but thin and somewhat translucent. The pigmenta­
tion is rather deep, but dull. The alternating broad and narro\v 
bands are distinct. The SCUlpture resembles that of the fortna 
tYPical 
Type-series. No. MII96I/2 Z,S.l. 

Geographical Range.-I know this race only from a single pond 
at the village of Sriparptipada on the edge of the swanlps that 
skirt the Colair I(ake in the Kistna district of Madras. Specimens 
from the lake itself belong to the race eburnea. 

II abits.-The p·ond in which my type-series was obtained was 
deep and contained abundant water although the district was 
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suffering from a very serious drought at the time of my visit 
(September, 1918), It had an abundant and healthy vegetation 
of submerged weeds and plants with floating leaves (Linlnan­
thetnum and water-lilies) were also abundant and healthy. The 
molluscs were taken among the leaves in great profusion. Their 
habitat was of a type more common in Lower Bengal than in 
IVladras. 

This exhausts the nunlber of true races with which I am 
acquainted and we may now turn to the four well-marked phases 
of the species. 

Phase annandalei t Kobelt. 

(Plate II, figs. 5-8.) 

1908. Vivipara anllandalei, Kobelt, Nachl'. Malall. Ges. LX, p. 161. 

1909. Vivipal'a annandalei, Kobelt, in l\lartini and Chemnitz, Conch. 
Cat. 1,21 (2), p. 296, pI. 57, figs. II, 12. 

Kobelt refers to this form as "eine kritische loynt." I was 
prepared to accept it as distinct until I had become acquainted 
with its habits and had ascertained the fact that in some ponds 
(e.g. the tank in the Museum compound, Calcutta) it graded insen­
sibly into the typical form of V bengalensis, or rather into a small 
but not otherwise peculiar phase thereof. Kobelt's description 
and figures were based 011 some\vhat exceptional specimens of 
relatively large size and proportionately broad shell. Such indivi­
duals occur occasionally but are by no means typical of the phase. 
On pI. II four shells are shown. Fig. 5 represents qne of Kobelt's 
type-series, which is from Vizagapatam in the north-east of Madras. 
The other three (figs. 6-8) are more typical. The shells examined 
by Kobelt were, moreover, old specimens and had lost the trans­
lucency characteristic of the phase. 

The shell is always very thin and light and usually small. 
The more elongate type is the commoner of the two that occur, 
but the type-series chances to belong to the other. Apart from the 
thinness and translucency -of the shell, the most characteristic 
features are the gradual increase in size of the whorls, the shallow­
ness of the suture, and particularly the shape of the· aperture,. 
which is distinctly subrhomboidal and subangulate at its anterior 
extremity. The dark hands are sometimes a little incrassated. 
Some shells of the phase COlne very near to some of the Assarnese 
race balteata. The animal is usually very pale in colour, but occa­
sionally almost as dark as that of the forma typical I have noticed 
that in living specimens kept in an aquarium it gradually becomes 
darker. 

This phase is found in thE territory both of the forma ty pica 
and of the race eburnea, bu~ I can find 110 difference between 
specimens from Calcutta an.d those from Hyderabad, Deccan. 
It is commoner in the vicinity of both cities and almost always 
occurs in pools ~f rather fou~ water used for domestic purposes~ 
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Phase halophila t Kobelt. 

(PIa t.e II, figs. 9, 10.) 
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1905. Vivipa1'a annandalei haloplzila, Kobelt, Ope cit., p. 162. 
1909· V£fJipara an1'landalei halophila, Kobelt, tom. cit., p. 297, pI. 59, 

figs. 17-20. 

The type series of this phase was noted by Nevill as ' a short 
angula te form, almost indistinguishable from some of the Burmese 
var. doliaris.' It resembles annandalei very much as doliaris does 
balteata, but is certainly not a local race. The type-series was 
from the Punjab Salt Range, but I have also examined series from 
Calcutta and Burd\van in Bengal. The shell has a distorted appear­
ance and is usually eroded at the tip. Its sculpture is coarse and 
irregular, the dark bands are usually incrassated and the body­
whorl frequently sub-biangulate. The aperture resembles that of 
the shell of annandalei, but is usually larger and broader. 

In calling this form halophila, Kobelt referred to the name of 
the locality of the type-series, but it is by no means improbable 
that the phase does live in water of abnormal chemical composi­
tion. Unfortunately I have never found it living myself. 

Phase incrassata, nov. 

(PI~te II, figs. 3, 4.) 

Shells of this phase differ from those of the race eburnea 
in being very thick and opaque and in having as a rule coarse 
irregular varices on the body-whorl. They are often almost devoid 
of pigment. Sometimes the umbilicus is Ulore open than usual. 
I have examined a good series from Poona in "vestern and from 
the Kurnool district in southern India. Unfortunately I know 
nothing of its habitat, but it resembles eburnea so closely in all but 
the thickness and sculpture of the shell that it can hardly be more 
than a phase of that race. 

Phase pachydolicha, Annandale. 

1921. Vivipal'a bengalensis phase paclt ydoliclza, Annandale, Rec. Ceol. 
Surv. Ind., LI, p. 367, pI. xi, figs. 5-7. 

I assign to this phase certain large elongate shells in which 
the umbilicus is more open than usual, and the mouth small and 
oval. The whorls are swollen and the sculpture impressed, with 
the upper surface of the whorls broadly and obliquely, but sonle­
what obscurely flattened, just outside it. There are numerous 
distinct minutely sinuate, spiral striae 011 the surface, and the 
longitudinal striae are coarse and irregular. The epiderm.is is a 
dark olivaceotls brown in colour with numerous longitudinal black 
streaks. 'fhe spiral bands are narro"v and obscure. 

I have seen only two fresh specimens of this phase, but there 
is a series of fine subfossil shells in the collection of the Geological 
Survey of India. 
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The fresh shells were found on the sea-shore at Puri in Orissa 
near small pools of fresh water in the almost dry bed of a stream. 
the mouth of which was temporarily blocked. The subfossil speci­
mens are from the alluvium of the N arbadda. 

I should have regarded this phase as specifically distinct, 
were it not for the fact that some specimens of the phase incras­
sata approach it closely. I t is probably another modification of 
the race ebu,rnea. 
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PART IV.-BIONOMICS.l 

By R. B. SEYMOUR SEWELL. 

The Life-history. 

The breedipg season of V ivipara be-ngalensis, that is to say 
the period during which the young are born, commences early in 
the year and seems to extend throughout the whole of the hot­
weather and monsoon periods up to and probably beyond Septem­
ber; but the period of most intense reproduction is from April 
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FIG. 2o.-I.ength measurements of 3S examples of young Vivipara bengalensis, 

born in experimental tanks, at the age of 3 n10nths old. 

to July. During this period the uterus of a mature female is 
crammed with eggs, containing young in varying stages of deve­
lopment, but young Viviparidae are to be found in utero at all 
seasons of the year. I have even found them to be present in 
examples that had buried themselves ill the mud at the bottom 
of a tank in Lahore at the onset of the cold weather and were dug 
up in December. Examples of Lecythoconcha lecythis, dug from 

1 In compiling this section I am greatly indebted to Dr. Annandale for 
many additional notes and observations. 
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dried mud at the edge of a swamp in Manipur, and brought to 
Calcutta in March, produced living young when placed in water. 

Newly born examples of V bengalcnsis are comparatively 
well-developed and already show 3! turns of the spiral in the shell. 
In a preceding part of this paper Dr. Annandale has described the 
young shell. 
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FIG. 2 L - Length measurements of 409 examples of Vivipara bengalensis, taken 
from the tank in the Indian l\1:wseum compound, July 26th to August 2nd, 
1920 • 

Growth at first proceeds rapidly. Newly born individuals 
measure approximately 3 n1m. in maxitnum height from the apex 
of the shell to the margin of the peristome, but in less than 
three months a complete extra whorl has been added and the 
height of the shell is now approximat.ely IS mm. During May 
and August, 1919 a number of examples of Vivipara bengalensis 
were kept under observation in experinlental tanks in the Indian 
Museum. These adults were introduced into the tanks between 
the 2nd and 23rd of May, 19I9- Young were deposited in large 
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numbers and at the end of July several were collected and 
measured, and the results obtained are given in fig. 20. Th e 
measurement taken was the maximum height as defined above" 
and the individuals fall into a well-defined regular group, the 
measurelnent ranging from 8 mm. to 14 mm. and having an 
avetage of I1'3 mm. Since all these examples were less than 
three months old, we get some idea of the very rapid growth that 
takes place in early life. At the same time a number of adult 
examples fronl the pond in the Museum compound were measured 
and were found to fall into a group having a length measurement 
of 20 mm. to 27 mm. This I believed to represent the size 
attained after one year of life, and, in order to check this, 
between July 26th and Au.gust 2nd) 1920, 409 examples from the 
same pond of all sizes except the very smallest, which had 
obviously only recently been born, were collected and measured, 
'The results are given in fig. 2 I. It will be seen that we have 
two well-defined groups with their maxima corresponding to a 
height measurelnent of IS mm. and 24 mm. respectively. 

The members of the first group correspond very closely both 
as regards size and degree of development with the examples 
hatched and reared in the experimental tanks in I9 19. frhey are 
somewhat larger, but the experiments of Semper (1874), De Varig­
ny (1894), and others have shown that growth is more rapid under 
favourable conditions and in large areas of water with efficient 
natural aeration than it is under artificial conditions in small 
aquaria, and it seems reason.lble to conclude that the individuals 
comprising the group of the 1920 brood were approximately three 
months old and had been born about April. This rapid rate of 
growth, fronl 3 mIn. in height when born to 12-15 mm. at approxi­
mately three months, corresponds closely with the results obtained 
by Lyon (vide Baker, 1911, p, 51) in which examples of Li1nnaea 
(Galba) re/lexa, measuring 2'00 Inin. at 6 weeks old, attained to a 
height of 5-10 mm. at 12 weeks and 26·0-28'5 mm. at one year 
old, or by Woodruff (loc, cit.) who found that examples of LiJ'nnaea 
(Radix) auricularia increased from 0'75 mm. in height when born 
to II'SO mm. at 4 weeks. As age progresses, the rate of growth 
naturally becomes slower, since other and equally inlportant pro­
cesses are going on in the young individual, especially the attain­
ment of sexual maturity. 

The second group, having an average height of 24 lnm., 
corresponds exactly with the adult examples taken from the pond 
in August, I919. 

It seems clear that these two groups of Vivipara bengalensis 
correspond respectively to the 1919 and I920 broods, but there 
are indications of a still further group having an average height 
of 29-30 mm.; this however does not appear very clearly in the 
chart owing to overlapping with the group of the I9I9 brood. These 
large individuals, which were much fewer in number than those of 
the preceding group, I take to represent individuals who have 
survived for a further period of one year and who represent the 
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1918 brood. '1'he great majority of these large examples show a 
well .. marked ( varix' across the middle of the body whorl of the 
shell, thus indicating that there has been a period of arrested 
growth followed by a subsequent increase in size. The distance 
from the apex of the shell to the umbilical end of the. varix 
measures approximately 24 mm. which corresponds closely to the 
average height attained by examples that are one year old, and it 
is evident that the period of arrested growth corresponds to the 
second winter of their life-history. The maximum length of life 
of any individual appears then to be two years, but the vast 
majority of individuals die after one year. Each year towards 
the end of the rains there is a "'ery heavy mortality among the 
molluscan fauna of the ponds and tanks, etc" in tbis country. This 
was first noticed in a period of exceptional drought by Dr. Annan­
dale, who called attention to it in his preliminary report to the 
Government of India 011 the mollusc survey of the Madras Presi­
dency, but he attributed it to the partial drying up of the pools 
and the consequent foulness of the remaining water. The same 
Inortality, ho,'Vever, occurred, though perhaps on not quite so large 
a scale, in ponds in Calcutta in August, 1919, where no such 
causative agent could be suspected, and it appeared to be a­
natural phenomenon affecting many different genera of molluscs, 
including Vivipara. 1 In V bengalensis, the vast majority of 
individuals born in the preceding year die during this period, 
only a few surviving for a second year. This heavy annual 
mortality among the freshwater nlolluscs is a phenomenon of 
considerable antiquity, for Annandale (Ig2o (a), p. 53) has adduced 
evidence that it was in existence in the Intertrappean (late Creta­
ceous) beds of this country. 

The sexual differences in the antennae of V ivipara bengalensis 
render it easy to carry out an investigation regarding the influen.ce 
of sex on the individual.- I have been quite unable to detect any 
difference in the shape of the shell, but measurement of a number 
of individuals of both sexes, collected haphazard from ~he pond 
in the Indian museum compound2 shows very clearly that there is 
a quite appreciable difference in height. In fig. 22, I have given 
the measurements of 147 female and 57 male .examples and it 
s1.lows that the average height of females of one year old is 25'0 
111m. and of two years old 30·0 mm., whereas males of the corres­
ponding length of life have an average height of only 22"0 and 
27'0 n1m. respectively. 

Difference in size in the two sexes of V£vipara vivipara was 
noticed as long ago as 1695 by Lister, and more recently Wood­
l\{ason (I88r, p. 86) has recorded the same sexual character in 

1 Vide Annandale and Sewell II Progress report on a Survey of the Fresh­
water Gastropod Molluscs of the Indian Empire and of their Tremetode Para­
~ites." Ind. Journ. Med. Research VIII, p. 119. 

1. Examples living in this pond are considerably smaller than those found in 
certain other localities. 
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exanlples of Vivipara crassa (Hutton) that he obtained and exam­
ined in Sylhet. This difference in size is also known to occur 
in other genera and according to Cooke (1895, p. 134) "is markedly 
the case in Litlorina, Buccinum, and all the Cephalopoda." It is 
generally assumed that the difference in the two sexes is related 
to the viviparous habit and is dependent on the necessity for 
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FIG. 22.-l\feasurements of 147 ~ examples and 57 d' examples of Vivipa ra 
bengal ensis. 

increased space in the shell of the female in order to accommodate 
the 1arge numbers of contained young in utero. If this were the 
sole causative agent, one would expect to find the condition cons­
tantly present, but this expectation is not fulfilled in the Vivi­
paridae of this country, for in certain species no difference can 
be detected in the two sexes, while in others there is a differen ce 
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in the shape of the shell though not in height. In V ivipara 
oxytropis (Benson) .l\nnandale found that while there was no 
difference in the height of the shell of the two sexes in the adult, 
the female shell was considerably broader than the tnale. In 
Lecythoconcha lecythis (Benson) also large shells were of the same 
height, but the whorls of the spire increased in size more gradually 
in the female. In the genus Taia Annandale (1918, p. 137) found 
that there was very little sexual variation in the shell in T intha, 
though he found specific differences in sexual variation in the 
genus as a whole. In Lecythoconcha and Taia the young in utero 
are relatively large as compar~d with V ivipara bengalensis but 
this is not so in V oxytropis. It appears probable, therefore, that 
there is some reason other than the lnere necessity of increased 
space for the accommodation of young to account for this difference 
in height of the shell in the two sexes, and a possible cause may be 
found in the natural antagonism between bodily growth and the 
attainment of sexual maturity. In VivipClra bengalensis and pro ... 
bably in many other species of mollusc in this country sexual 
maturity is attained at a very early date. \Vhitfield {1882} states 
that examples of Limnaea (Bulimnaea) megasoma Say, which he 
hatched out from the egg and nlanaged to rear stlccessfully in the 
United States, America, became sexually mature at the age of one 
year. According to Baker (191r, pO. 50) (( the duration of life in the 
family Limnaeidae is frotn three to four years, full maturity bei11g 
reached in about two years," and though I have no information 
regarding other genera in telnperate regions it is probable that 
they lnuch resenlble the Limnaeidae in this respect. In this country 
and in Egypt, however, the general condition is vastly different. 
Manson-Bahr and Fairley (1920, p. 65), who were engaged in inves­
tiga tions regarding Schistosomiasis 'in Egypt, state that in that 
coulltry examples of Bullinus and Planorbis become sexually ma­
ture at the early age of three months, and the same undoubtedly 
occurs in examples of Vivipnra bengalens'is in India. Dissection of 
fifty examples belonging to the 1920 brood, during July, showed 
that already many of them were sexually mature, and this was 
especially so in the males. In many cases the gonad was well 
developed and was full of ripe spermatozoa. In the females, 
only comparatively few were sexually mature. The smallest 
sexually mature male measured 13 mm. in height, while the 
smallest female with eggs and young in utero was 16 mm. Two 
others of the same height had a quantity of seminal fluid in the 
egg.shell gland, so that copUlation had taken place. Assuming 
that the rate of growth is equal in both sexes up to the onset of 
sexual maturity, it would appear that the nlales become mature 
at an earlier date than the females, and the antagonism between 
growth and the attainment of sexual maturity occurs when the 
males are smaller, thus producing a disparity in size between the 
two sexes. In spite of their increased bulk females of the 
age of two years are remarkably less fertile than those of only 
one year old. In only three examples out of a total of fourteen 
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belonging to the I918 brood and examined by me in August, 
1920 ,,'ere eggs, in which development ,vas in an early stage, 
found in utero; in five others the uterus contained a fe\v embryos 
in a comparatively advanced stage, with 3 to 31 whorls in the 
spire; and in the remaining seven the uterus was empty. The 
average production of these examples was 2'8. On the other 
hand nine females belonging to the 1919 brood yielded an average 
of I2'O eggs or developing young, so that in spite of their 
greater size, examples of the age of two years show very distinct 
evidence of senile decay, and it is not improbable that in many 
cases the young offspring found in utero had been retained since 
the' previous breeding season. 

Under certain conditions of cold, drought, etc., Vivipara benga­
lensis appears to be capable of undergoing' hibernation.' In Decem­
ber, 19I9 I examined a series of examples that had been obtained 
during that month by Mr. Sunder Lal Hora from the mud, in which 
they had buried themselves, at the bottom of a pond in Lahore. In 
every case the uterus contained a certain number of live young, 
which must obviously have been the product of the previous breed­
ing season, and which would doubtless have been set free during 
the following season, in the event of the parent having been able 
to survive. Annandale has pointed out that V bengalens£s is less 
modified, especially in the structure of the operculum, for resisting 
drought than the species of the V dissimilis group (sub-genus 
I diopoma, Pilsbry). In a bottle full of specimens of V bengal­
ensis and V dissimilis, recen~y brought to Calcutta from the 
Ganjam district of Madras, the difference in the behaviour of the 
two species as the \vater became foul was very marked. The in­
dividuals of V be11,galensis crowded round the edge at the top of 
the water with the aperture of the branchial chamber above the 
surface and widely open, as though inhaling air, while those of 
V dissimilis closed their opercula tightly and sank to the bottom. 

A further interesting point brought out by a study of the 
two sexes is the greater mortality among males during the period 
following the attainment of sexual lnaturity. Out of the fifty 
examples of the I920 brood that were examined the proportion of 
the sexes was 24 d' and 26 9 , so that at this period of life the num­
bers are approximately equal. A reference to fig. 2I shows that at 
the end of the first year of life the proportion of the sexes was 
203 9 to 5I d' or roughly 4: I. While at the end of the second 
year of the life the proportion had become still greater and there 
were as many as 44 ~ to 6 d' or 8 : I. Wood-Mason (1881, p. 87), 
when examining a' series of examples of J7ivipara crassa, found 
that in seventy-six specimens forty-six were females and only 
thirty were males. lIe was, however, doubtful whether this 
difference in the numbers was due to an actual minority in the 
males or was merely the result .of his collector having naturally 
tried to secure the largest possible specimeps, but in view of the 
figures obtained by me in V bengalensis I am inclined to believe 
that we get a similar disproportion of the sexes in both these 
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species. This disparity in numbers is not, however, of universal 
occurrence in the Viviparidae for Dr. Annandale informs me that 
in the Loktak Lake adult fenlales of Lecythoconcha lecythis were 
at least as nUltlerOUS as adult males, whereas in the case of 
VZ'vipara oxytropis females were distinctly less numerous than 
males. 

As I have already mentioned, examination of So examples of 
the 1920 brood in July, taken from the pond in the Indi?n 
Museum, showed that the proportion of d' to ~ was 24 : 26. A fur­
ther examination of 35 examples from the same source in August 
gave a corresponding proportion of only IS : 20, so that there had 
already been a considerable drop in the proportion of d" examples 
presen t. I give below a table showing the proportion of the two 
sexes in individuals of different sizes. 

TABLE I.-Showing the proportion of sexes in indiv£duals of 
different sizes from the pon.d in the Indian JJt[ useutn. 

Length of 
I I mIn. 13 n1m. 14 mm. 15 Inm. 161nm. 17 mm, 18 mm. shell. 

~ 3 3 2 5 4 2 I 

is I ", I I 5 4 3 
-- ~-- ~--------- -

This shows clearly that in the larger examples the proportion 
of ci" sex is high whereas the exactly opposite condition prevails 
among the smaller examples. We have already seen that indivi­
duals of II mm. in length are of an age of three months or less, 
and these must therefore have been born about the beginning of 
June, whereas those having the greater length of 18 mm. were 
almost certainly born in April or earlier. It seelns clear) then, that 
at the commencement of the breeding seaS011 there is a very 
distinct tendency to produce ~ offspring, whereas later in the 
season it is mostly 9 examples that are produced. I am inclined 
to attribute this alteration in sex-production to the variation in 
external conditions. I know of no data that would enable one to. 
form an estimate of the length of the period of gestatio~) during 
which the developing embryo is retained within the uterus, and 
it probably varies at different periods of the year, but it seems 
likely that offspring born in April are derived from ova that 
became mature and were fertilized during the winter season, 
whereas offspring born later in the year will be derived from eggs 
that became mature during the warmer weather. If this be so, we 
have here another example of the influence of adverse surround­
ings in the production of male offspring. 

Food. 
A study of the contents of the stomach of a number of 

examples, as well as observations carried out on living specimens, 
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show that the normal food of Vivipara bengalensis consists 
almost entirely of algae and minute particles of vegetable matter 
which are rasped off from the surface of submerged plants, stones, 
decaying vegetable matter, etc. Along with these fragments of 
vegetable origin, a considerable quantity of fine luud and sand is 
ingested and swallowed in consequence of which the bulk of faecal 
material is very large. After passing up the oesophagus the food 
is Inixed in the stomach with the bile which is poured out by the 
hepatic ducts, so that the stomach contents have a brown 
appearance and are liquid in character. As the contents are 
passed down the intestine, they become more and more solid and 
are finally moulded into small oval pellets which are at first usually 
rounded at one pole and more or less acutely pointed at the other. 
Later on, however, both poles become rounded. Finally these 
pellets are ej ected through the anus into the syphon~l tube and 
are forcibly swept out of the body by the outflowing current of 
\vater. 

A t times individuals have been found whose stomach and 
intestine were crowded with enormous nunlbers of a species of 
V olvox. These in variably contained within the parent colony a 
number of daughter colonies, and it is interesting to note that 
although the superficial cells of the parent colony were digested, 
the daughter colonies, being more deeply seated, entirely escaped 
digestion, and passed out of the body in the faeces in apparently 
a perfectly healthy condition. Gravely (vide Annandale, 19II, p. 
2I6) has noted a somewhat similar phenomenon in the fresh­
water polyzoon, Plumatella repens. 

If aquatic vegetation is not available, as was the case where 
examples were kept in earthen basins or glass bowls, the animals 
could frequently be seen rasping off the algae that were growing 
on each others shells. 

Although normally vegetable feeders, this V ivipara is by no 
means averse to a carnivorous diet, and feeds on the bodies of 
other dead snails. This habit appears to be by no means uncom­
mon in molluscs that are normally vegetable feeders. Benson 
(1829, p. 363 and r830, p. I26) has called attention to the carni­
vorous habits of a species of Paludina, under which generic term 
Vivipara was formerly included, but from his description of the 
animal it seems probable that he was referring to a species of 
Bithynia or Amnicola. Baker (191I, p. 42) has also pointed out 
that Limnaea is at times carnivorous though normally a vegetable 
feeder, but his statement that" the part they playas natural 
scavengers renders their presence in water-troughs and other 
sou.rces of drinking water highly desirable" seems to overlook 
the fact that the presence of these snails may be and almost 
certain ,,'ould be highly dangerous as a source of trematode in­
fection. 
l\'lore recently Annandale (I920 (b), p. I) has noted that Pachylabra 
(Ampullariidae) is occasionally carnivorous. 
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Parasites and Incolae. 

Amongst the normal inhabitants of the alimentary canal of 
Vivipara bengalensis and probably of other species of the same 
genus are several different types of ciliate protozoa, and it seems 
worth putting on record that in almost every individual examined. 
I have found what appear to be Spirochaetes in both stomach 
and intestine. There appear to be two different forms. Oue of 
these measured 0'026-0'028 mIn. in length and shows 6-7 curves 
in the spiral; it is higll1y refractile and quite easily seen under a 
high power. It moves backwards or forwards with equal facility. 
At times individuals are met with \vhich show a narrow tbin 
portion in the middle of their length, while short individuals having 
a length of 0'014 mm. and only 3 curves in the spiral are occasion­
ally met with. It appears that these short forms are produced by 
transverse fission of the larger individuals. The second form of 
Spirochaete occurs in the rectum and measures 0'oI4-0'016 mm. in 
length, it is of a robust type and has two or t.hree wave like bends 
in the course of its length. 

In addition to the above, there is a rich bacterial fiora, 
consisting of diplococci, rod-like bacilli, etc., in both stomach and 
intestine. 

Vivipara bengalensis rarely acts as the primary mollusc host 
for the developnlent of Trematodes. In this respect it forllls a 
marked contrast to other species of the same genus, for Vivipara 
fasciata Mull. has been recorded as the primary host of nine 
different cercariae, and V vivipara (L.) harbours as many as eleven. 
Out of a total of 283 exanIples of V bengalensis I have only 
succeeded in finding cercariae on two occasions and in both ind.i­
viduals it was the same form that was present. 'l'his cercaria 
belongs to the group of Xiphidiocercariae, and was .developing i~ 
small oval sporocysts. I In both cases the host was a male and 
development was taking place in the testis. 

On the other hand, it is often extremely difficult to find an 
example that is not acting as an intermediate host. Two kinds of 
Agamodistomes2. infect and become encysted in this species and 
each has a very distinct anatomical distribution. One type of cyst, 
which is circular in shape, is found in the auricle of the heart. 
#fhese cysts enclose a stage in the developlnent of an Echinostome. 
The other cyst is found in the gill-bars, it is oval in shape, and 
ustlal1y of a pale brown colour and enclosed within it is a small 
Agamodistome, that judging from its structure is derived from a 
Xiphidiocercaria. I am unable to say whether this Agamodistome 
represents a further phase of the life-history of the cercaria noted 
above, but the two are extremely closely related and both possess 

1 For a description of this Cercaria see Sewell, "Cercariae Indicae," indian 
Jou'l'nal of Medical Research (in the press). 

9. Dollfus (Mem. Soc. Zool. France XXV p. 87, Paris, 1912) has introduced 
the term Metacercaria' to describe the stage In the life-history of a Trematode 
hetween the free-living cercaria and its final establishment in its definitive host. 
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exactly the salne type of excretory system. Infection with these 
two cysts appears to occur in different stages of the life-history of 
the mollusc host. Even in examples of so early a stage as 10 mm. 
in length, the gills have already become infected with the cysts of 
this Xiphidiocercaria; and out of 36 exatnples examined of sizes 
ranging froln 10 mm. to 18 mm. in length only two were apparent­
ly free from this parasite. With regard to the Echinostonle 
cysts in the auricle, however, infection appears to occur much 
later, and further t4e proportion of infection is extraordinarily 
different in the two sexes in early life. 

TABLE. 2.- ·Showing the percentage infection with Echiniostolne cysts 
in the two sexes of examples of 1920 brood. 

Sex. No. 
exatnined. 

39 

No. 
infected. 

24 

Percentage of 
infection. 

----/------ -----._--- --- --

IS 

The table shows that infecti~n is t\vice as fr~quent in young 
lllaies as it is in young females. No case of infection was found in 
examples that measured less tl:.an 14 mm. in shell length. I have 
already mentioned that sexuallnaturity is attained in this species 
when the individuals reach approximately the length of 13 mm. in 
the d" and 16 mm. in the 9 Manson-Bahr and Fairley (1920 , p. 
66) have stated, and my own observations on the cercariae of this 
country have corroborated their statement, that "snails do not 
becolne infested with cercariae till they have reached maturity, 
that is about the third month." I have elsewhere put forward 
the view that infection by nliracidia is probably largely dependent 
on the establishment of a chemotactic stimulus at the time when 
sexual maturity is attained in the mollusc host, and it seems 
possible that we are dealing here with a similar phenomenon. 
Certainly such an explanation would account for the higher per­
centage of infection in the males, which become sexually mature 
at an earlier stage of their life-history than do the females, and 
would also account for the freedom of infection of young imma .. 
ture examples. On the other hand infection of these molluscs by 
the Xiphidiocercaria and the production of cysts ill the gill-fila­
lnents shows no evidence of any such phenomenon. 

Turning now to the presence of these cysts and the degree of 
infection in adult individuals of either sex, I have given in the 
table below the results obtained from a careful examination of 
fifty examples, 25 aged I year and 25 aged 2 years. The point 
to which I wish to call attention is the very large percentage 
of c:I' exanlples that shovv a heavy infection with both Xiphidio-
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cercaria and Echinostome cysts at the end of the 1st year of life, 
whereas at the end of the second year there is no such distinction 
between the two sexes. In cases where infection is heavy the 
auricle is so packed with cysts that it is a matter for wonder 
that it is able to perform its function at all, and in the case of the 
gills their physiological activity must be very seriously interfered 
with, leading to impaired vitality and a lowered resistance to 
adverse conditions. It is not improbable that we have here, if 
not the sole explanation, at least a contributory cause towards the 
marked progressive reduction in the proportionate numbers of adult 
males during the period of life succeeding the attainment of sexual 
maturity that, as we have already seen, occurs in this species. 

TABLE 3.-Showing the degree 01 injection presetzt in adult ex­
amples aged one and tZeJO years. 

AGAMODISTOME CYSTS IN EClIINOSTOME CYSTS IN 

GILL-FILAMENTS' AURICLE. 

l)egree of Infection. 1st y\!ar. 2nd year. ist year. 2nd year. 

- ------

0 I ~ 0 ! ~ d' ~ 0 ~ 
Absent ROI 1 -:,% I 46% 42% 50 % 30 % ... 10 . .. : . .. 
Slight 8~1 ~I% 50 % i 47% 8% 48% 25% 45% ... 10 
Heavy ,., 84% c;6° 1 50°1 I 530/ 46% \100

/ 0 25% j25% 
~. /0 . ° I , 0 

) 

The occurrence of Echinostome cysts in the auricle is by no 
means restricted to V ivipara bengalcnsis, nor is it confined to any 
particular district or country. Filippi (18S5, p. 345) has recorQed 
the occurrence of similar Echinostome cysts in the auricle of V ivi­
para vivipara, and he has further noted cc qu'il ne m'a jamais ete 
possible de voir la moindre trace de ces parasites dans les foetus 
des Palu.dines; mais que les jeunes individus, pourvu qu'ils aient 
vecu quelques mois en liberte dans l' eau du lac en sont deja 
enrahis." His results obtained in Europe agree, therefore, 
closely \vith the observations .made in India. The occurrence of 
these cysts has also b~en noted by Moulinie (1886, p. 193). 

As regards the geographical distribution in India, I have 
found these cysts present in examples of V bengalensis, taken 
from five different areas of water in the Calcutta district. It is 
worth noting, however, that in examples of the phase annan­
dalei) taken from a tank in Baliaghatta, this infection was absent 
in ten specimens that I examined: other examples from the same 
source were placed in experimental tanks, and when they were 
examined about 2 months later in every case cysts were present, so 
that infection had occurred during their sojourn in the experimen­
tal tanks. Extremely similar, if not absolutely identical cysts 
were found in identically the same situation, namely the auricle) 
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in two out of six exanlples of V ivipara dissimilis taken froln 
swamps near Bombay, and in nine out of eighteen examples of 
this species taken from a small ditch at Rambha, Ganjam; but in 
these latter cases the cysts were degenerating. 

Yet another trematode may find a temporary resting place 
ill Indian species of Viviparidae. Examples of Lecythoconcha 
lecythis and Vivipara oxytropis brought from the Loktak Lake, 
and of an undescribed species allied to V oxytropis from Dimapore, 
Assam, were infected with trematode cysts in the mantle. These 
cysts were oval in shape', and were situated beneath the external 
or shell surface just behind the thickened Inantle margin. The 
cyst-wall was thick and gelatinous and appeared to open by a single 
aperture on the shell surface of the mantle. Contained within 
these cysts were small examples of a species of [J rogonimus Mont. 
[=Leucochloridiu11t Carus]. I am elsevvhere publishing an account 
of this species (vide Sewel1, " Cercariae Indicae," I nd. Journal M ed. 
Research); suffice it to say here that these trematodes measure 
2-3 mm. in length, are of a deep orange-red colour and have a 
prominent ventral sucker with a diameter twice that of the oral 
sucker. Filippi (1855, p. 353, footnote) has recorded finding free 
distomes, which possess all the above characters, in examples of 
Vivipara vivipara taken from the Lake of Varese, Italy. As regards 
their distribution in the mollusc host he remarks, "lIs n' ont pas 
,de place fixe, et souvent je les ai vu sur Ie manteau de l'animal." 
'it is of course impossible to be certain on the point, but it seems 
by no means unlikely that he WaS also dealing with an intertnediate 
stage in the development of a species of Leucochloridium in the 
European V it iPara~ 
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EXPLANATION OF PLATE I. 

V ivipara bengalensis (Lamarck), forma typica. 

FIG. I.-Normal shell from 'Rajmahal, Bengal. 
Actual height 35 mm. 

, , 2.-Shell of the elongate type from Calcutta. 
Actual height 40 mm. 

" 
3.-Shell of the gigantic type from Dinapur, Bihar. 

Actual height 48.5 Mm. 

V ivipara bengalensis mandiensis, Ko belt. 

FIG. 4.-Shells frool type·~series from Mandi State, Kangra valley 
W Himalayas. 
Actual height 34·5 mm. 

" Io.-Shell of semi-albino phase from Lahore, Punjab. 

FIG. 

" 

Actual height 30 mm. 

V ivipara bengaltnsis colairensis, subsp. nov. 

5.-Shell of type-specimen from pond at the edge of the 
eolair Lake, Ellore Dist., Madras Presidency. 
Actual height 39 mm. 

6.-Shell of elongate type from the same series. 
Actual height 48 mm .. 

V ivipara bengalensis nepalensis 1 Kobelt. 

FIG. 7.-Shell from the type-series from Chonebal, Nepal. 
Actual height 28'5 mm. 

V ivipara bengalensis balteata (B@nson). 

FIG. 8.-Shell of the obese (" Normal" l type from Fenchuganj, 
Sylhet, Assam. 
Actual height 25'6 mm. 

Vivipara bengalensis dolia,is (Gould). 

FIG. g.-Shell of extreme type from Mandalay, U. Burma, 
Actual height 24'S mm. 
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EXPLANATION OF PLATE II. 

Vivipara bengalensis eburnea, subsp. nov. 

I,-Shell from type-series from Kotagiri reservoir, Nellore 
Dist., Madras Presidency. 
Actual height 32'S nIm. 

2.-Shell of dark phase from a pond in Godavari· (town), 
Madras Presidency. 
Actual height 29 nIm, 

V ivipara bengalensis phase incrassata, nov. 

3.-Type-specimen from 'rhungabada, Kurnool Dist., Madras 
Presidency. 
Actual heig~t 22'S mm. 

4.-Shell of the elongate type from the same series. 
Actual height 30 nlm. 

V ivipara bengalensis phase annandalei, Ko belt. 

s.-Shell from type-series from Vizagapatanl, N.E. Madras 
Presidency. 
Actual height 26' 5 mm. 

6.-Shell from muddy pool, Secunderabad, Hyderabad, 
.A.ctual height 28 mm. 

7.-Shell from a dirty pond near the same place. 
Actual height 24 mm. 

B.-Shell of the elongate type from a dirty pond at Bellia­
ghata, Calcutta. 
Actual height 22'5 mm. 

V ivipara bengalensis phase halo phila, Ko belt. 

FIGS. 9, Io.-Shells from Calcutta (history unknown). 
Actual heights 24 mm. (fig. 9) and 26 nlm. (fig, 10). 
(The reticulate pattern seen on fig. 10 is due to 

remains of the polyzoon Hislopia lacustris.) 
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EXPLANATION OF Pt,ATE Ill. 

Shell-glands of the Viviparidae. 

FIG. I . - Vertical section through th e roof of the lower part of 
the branchial chamber just above the mouth in 
Lecythoconcha lecythis (Benson) at birthJ X 75. Stained 
with Delafield's haematoxylin. 

" 

" 

J , 

" 

2.-Part of the same section (X 275), including two ducts 
of the calciferous gland. 

3.-Vertical section through the free edge of the mantle in 
approximately the same region in an adult of the 
same species. The mantle was not much contracted 
and the animal was still growing. Stained with eosin 
and haematoxylin. 

4.-Vertical section of the mantle in the same region in 
another adult individual of the same species The 
whole animal was highly contracted and was evidently 
undergoing a period of arrested growth. The connec­
tive tissue of the mantle was markedly degenerate in 
places owing to the presence of encysted trematode 
parasites (Urogont"mus). Stained with Delafield's 
haelnatoxylin. 

5.--Vertical section through the same region in the adult of 
V ivipara oxytropis (Benson) in a period of arrested 
growth. Stained with borax carmine. 

EXPLANATION OF LETTERING. 

bo s., blood--sinus, c., calcareous concretion; c.e., ciliated 
eipthelium; m., external retractor muscle; m'., sphincter of 
mantle; m"~, muscular network; m. PO) peripheral marginal pro­
cess; p. g., periostracal gland; po g. do, duct of periostracal 
gland; s. g., calciferous gland; s. g. d., temporary duct of calci­
ferous gland; sop. gr., supramarginal groove. 
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x X I THE G EN U S T E 1~ NOT A I A (V I V I • 
P A RIDAE). 

By N. ANNANDALE, D.Sc., F.A.S.B., Director, Zoological Sttrvey of 
India (on leave). 

The genus Temnotaia was proposed by myself in 19r9 as a 
subgenus of Taia, mihi; but in the following year I gave reasons 
for considering it distinct. A reference to the collection in the­
British Museum enables me to throw further light on the genus. 
I have to thank Mr. G. C. Robson for giving me full facilities for 
examining the specimens and Mr. J R. Ie B. Tomlin for supply­
ing me with the reference to Mabille's description of the allied 
Indo-Chinese genus Chlorostracia and lending me a copy of the 
scarce work in which it is contained. The Burlnese genus may 
now be more fully described and its relations to Chlorostracia­
discussed. 

Temnotaia, Annandale. 

1919. Temnota£a, Annandale, Rec. Geol. Sur. Ind. L, p. 231. 
1920. Temnotaia, id., Rec. Ind. Mus. XIX, p. 115. 

The shell is typically Vivipariform in outline, but thick and 
porcellaneous. It is ovoid, acumi,nate and imperforate, with Sl 
to 71 whorls, which increase in size gradually and never have 
the suture deeply impressed. In all the species yet known the 
umbilicus is imperforate. The body-whorl is never greatly swollen 
and the aperture is of moderate size, ovoid and slightly oblique. 
The external surface is smooth and highly polished in fresh shells, 
with a very thin, closely adherent periostracum. The sculpture 
consists of incised lines or very fine linear ridges or else is micros­
copic. Interrupted broad ridges, nodules, scales an.d spines are 
entirely absent. The columellar callus is short and broad, convex 
and highly polished. Dark spiral bands are present or- absent. 

The operculum resembles that of Vivtpara and is moderately 
thick. Nothing is known of the radula or soft parts. 

Temnotaia differs from Chlorostracia 1 mainly in its much more 
normal outline and in tbe structure of the operculum. The shell 
of the latter genus, of which a considerable number of species 
occur in Siam and French Indo-China, has a curiously N atica-like 
facies owing to its short spire, relatively large penultimate whorl, 
deep suture, perforate umbilicus, immense body-whorl and large­
aperture. Its operculum is characterized by the very large inter­
nal scar, which bears a curious crateriform process. 

1 MabilIeJ Bull. Soc. Mal. France VI, p. 309 (1889). The type-species is 
C. bocourtei, Mabille, the shell and operculum of which are figured in the same 
paper. 
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My own genus is only known from Upper Burma, Laos 
and Cambodia. I :am "now able to distinguish four species as 
follows:-

l. SheU decorated with weU-defined incised spiral1ines: 
s! whorls .. , .,' ,' T inc isa '. 

II. SheUwithout incls'ed spiral lines, with more than 
6 whorls" 

A ,. Shell del'oid of pro,minent ' linear ridges 'and not 
at aU angulate ... T./ul1Ja. 

B. Body-wh9r1 of shell bearing lin,ear ridges or 
distinctlyangulate. 

-£. Shell with more than one linear ridge! 7t whorls T. c,onc,olor. 
-ii. Shel ,vith the body-whorlangulate: 6l whorls T bham,oens,is. 

The first of these species is the type-species a d is only known 
from the Cbindwin w,atershed and in a subfossil condition. The 
se~ond was described by Reeve 1 as Paludina TU,ltJafrom 'Cambo­
dia and also occurs in Laos. I have examined the type .. series of 
three shells in the British Museum.. T concolor 'was originally 
described by Nevil! t asPaludina 'naticoides var. concolor. The 

'[EXT-FIG. I.-Photographs (nat~ size) of 
(a) Temnota£a concolor (Nevil ). 
(b) Temnot,aia bhamoensis (Nevin). 

b. 

type-specimens have apparently been lost, but I was 8 perhaps 
wrong in thinking that Nevill reg,arded them as identical with the 
.forma typica of Theobald"s P. naticoides. AU he inferred was that 
the series in 'Calcutta w,as the type-series of his variety. In the 
small series in the British rvluseum there ,are two specimens from 
the 'Upper Salwe 1en, included under the name Vivip,ara shanensis 
(TheQl>ald) , which agree exactly with Nevill's brief description of 
the var. concolor except that the colour has faded to a greenish 
buff. The larger of them is here figured. There are 7!- whorls. 
T bhamQenBis was also briefly described by Nevill,' :as a variety 
of V. dissimilis (MUller). I have not the type .. specimen before 'me, 
but have asked Dr . Baini Prashad to add a note upon it. 

1 Reev1e, Conch. Icon. XIV, pl. x, fig. 64 (1864). 
~ NeviU, Hand L",'st Moll ,. inti . . Mus. II, p. 25 (1885). Since this was written 

Col. Godwin Austen has kindly shown me a series ·of specimens identified by 
'''fheobold as Palt<td£nanaficQi,des.Apparendy he included T c,on,colo'l' in that 
speci,esas wen as nearly smooth specimens of the true Taia 1tat£coides. 

3 Annandale, Bec. Ind. Mus. XIV, p. 163 (1918)., 
, ')1 ., eVJ " .tom, Ctt., p. 29. 
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"Of T /ulva (Reeve) there is a single specimen in the Indian 
Museum received in exchange from the late Mr. Sowerby out of 
the type-series collected by Lombe Taylor in the Laos mountains. 
It is 23 mm. long and 17 mm. in maximum breadth. I give below 
a description of the only specimen of T bhamoensis (Nevjll); it is 
labelled as the type of the subvariety bhamoensis in Nevill's hand .. 
writing and was referred to by Dr. Annandale in his recent paper 
(Rec. Ind. Mus. XIX, p. 115). 

The shell is thick, of moderate size and sharply conical; the 
spire of the unique specimen is greyish, but the body-whorl is of a 
uniform greyish-brown colour without spiral bands and with a 
highly polished periostracum. The suture is somewhat oblique 
and only moderately impressed, the whorls, which are swollen, 
are subangulate along their upper margin, and 6} in number. 
The spire is short and decreases rapidly but irregularly towards 
the apex; it is a bout 1- the size of the body-whorl in dorsal view. 
The body-whorl is distinctly angu1ate and shows fine, but distinct, 
vertical and somewhat curved ridges corresponding to the regions 
of growth. The mouth of the shell is large, subohlique and pro­
minent, somewhat ovoid in shape, with the outer lip sharp and 
not at all expanded outwards. The columellar callus is of the same 
type as in T incisa, but. is proportionately less broad; it is convex 
and highly polished. 

The unique type measures 26 mm. in length and I7 mm. in 
breadth, the aperture measures 15 mm. X 13 mm. [B. Prashad.]" 




