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Aocanthomysis longicornis 483
TAcanthucus minutispinus 323
Acheron trux . 516
Achilidae ... 343, 352
Aocrotelsa ... e 299
collaris 300, 301
Actiniaria .. . 117
Actinometra e .. 118
Adiposia ... .. 63, 72
longicauda . e 72
rhadinaea .. 86, 67
Aeschna guttatus ee ... 308
Aeschnidae .. 308
Aeschninge ... 308
Aethridmanta. brewpenms 303, 307
Afromysis .. .. 472, 414, 475, 478
hanoni 473, 475
Tmacropsis 447, 472, 473
Agrioonemis pygmaea 303, 309
Agrion aurora .. 310
cerinum 309
coromandelianum ... 309
microcephalum 310
pYygmaeum 309
senegalense’ «.. 310
Alcyonaria 116, 117, 240
tAlleculp humeralis 289, 295
sericans . 296
Allolobophora, oo .. 430
Alloneura gomphoides ... 1
‘weslermanni 3
Alpheus ... 168
amethystea 147
Alphitobius laevigatus 293
piceus . 293
Alyocaeus . 365
tmaosmaiensis 365
Ppachitaensis .. 365
Amblycephalus . 19
andersoni 19, 22 24, 25
oarinatus . 22,25
hamptoni . 26
maoularius 19, 22 24, 25
modestus 19 22 24, 25
moellendorffi .. 22,23
monticola .. 21, 22
Amblyoceps 44
Amblysphagus pachyderus w291
Amiuris catus vee b2
Amphipalaemon gasti ... 267
Anax guttatus 308
magnus «. 308
parthenope . 12,13
nchialina 457
agilis .. v 447
frontalie 4406, 458, 459
grossa .. 446, 447, 458, 4569
penicillata ... 448
typioa 446, 447, 457
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Anchialus typicus . 487
Anchistia 134, 150
aesopia 142
amboinensis . 172
americana e e 179
amethystea . 147
aurantiaca 136, 138
brachiata .. 138
brockis 226
danae .. 138
edwardsi e 172
elegans .. 216
enstfrons 209, 210
gracilis . 160
grandis 210
kornit 186
longimana 224
notata 138
petitthouarsi .. 231
spinigera 228, 229, 231
tenella . 179
tenuipes 218
Anchistioididae . .. 267
Anchistus ... 120, 247 248, 252, 259,
260, 281

biunguiculatus . 118, 256, 2569
tdemani . 118, 249, 255-259
tgravieri . 249, 252-255
inermis 118, 249 250, 251, 252, 253,
254, 256, 256 260, 281

miersi 118, 249, 254, 255, 256,
257, 259

mirabilis 118, 2562, 266
spinuliferus 118, 248, 256
Ancylidae ... 367, 359
Ancylocaris 115, 134. 139 155, 166, 167,
, 168, 172, 173

aberrans 185, 186, 191
brevicarpalis 116, 135, 185
hermitensis 185, 186
latiro-tris 186
Ancylus 362
Andes 348
Anemia coriaria e 201
Anisogomphus 379, 390, 301, 395, 422
bivittatus . 392, 306
maacki . 392
m-flavum 392
ntelnert . 392
occipitalis 371 379 3v1, 392, 394,
396

toriies .. 371, 391, 302, 393
praetorius e 392
Anigoptera. 304, 368, 377
Anodon salwenianus ... 99
Anormogomphus . 395, 396, 398 416
heteropterus 371, 394
kiritshonkoi e 3906
Anthicidae we 2006
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yilgitensis

haemorrhoidalis

hortorum

lapidarius tumcatus

longiceps
moeativagus
orientalis
tranquebaricus
trifuscialus
Lunicatus
vallestris

tgravelyi e

maculata oo

‘289,

516
515

349
350

33, 35, 36, 37, 41, 42

11, 42, 66, 67
42

120, 267

117, 267

12, 34, 35, 507
12, 84, 35, 507
474, 478

.. 121

.. 506

33, 37, 41, 53
42, 47, 48, 51
.. 4l

185, 189

430, 441
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Bombylius ... 88, 89
Borysthenes 348, 349
tfascialatus 348
Botia 63, 64, 68, .313 314 315, 316 318
almorhae €7, 314, 315, 317, 320, 321
berdmoret . .. 318
birdi ... 317, 319
curta ... 316, 318
dario ... 317, 320, 321
geto 317, 319, 321
grandis .. 320
helodes 316, 319
histrionica 317, 320
hymenophysa 67 314 315, 316, 33178,
lohachata 817, 321
macracanthus 316, 320
modesta 3186, 317
multifasciata 316, 317
ncbulosa .. 315
pratti 315, 316, 319
rostrata 316, 319
rubripinnis o 317
striata 318, 319
superciliaris 315, 316, 317
variegata 316, 319
Botia (Schistura) rgmndls e. 320
Brachycarpus 152, 223
biunguiculatus ... e 223
Brachydiplax sobrina ... 303, 304
Brachythemis contaminata 303, 305
Bromus . 88
Brixia 347, 348
albomaculata 347
meander 348
nubila 348
plagosa 347
Bufo 506
pc.nangcnsis 505 oY1
Bullininae .. 357, 358, 363
Bullinus ... 357, 368
Bullinus (Platyphysa) prmscpu «. 363
Burmagomphus 395, 396, 399
tduarcnsis e 421
jacobseni e 399
tpyramidalis .371 .399 400, 402, 421
tsivalikensis 371, 399 401
vermiculatus 371, 399
vermiculatus insularis . 399
Byrsax cornutus 293
horridus e 293
Bythinia pulchella 16

C

Caconcura 3
Cacdius malabaricus 202
Calicnemis eximia 2
Camptoceras 357, 358, 363
austeni .. 363
hirasei 363
lineatum .. 363
subspinosum . 363
terebra e . 363
Camptocerata Lineata 363
Camptocorata Tercbrac ... 363
Canocer oustos . 260
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Capritermes 535
buitenzorgi ... b46
ceylonicus 543, 545, 546
fdistortus 541, 542
tgravelyi 535, 536
longirostris 5317, 538
*longirostris comutella. 5317, 538
tmodiglianii 545, 546
nemorosus ... b4l
+santschii 538, 539, 540
ttetraphilus 543, 544
Caridea 114, 116
Carmarimens renardii .. .. 294
rugosistriate 294
Cenchreini . 335
Centrotypus asmodeus 325
tparvus .. 325
Ceriagrion coromandelianum 303, 309
Cistelidae ... . 295
Cixiidae ... 343
tCixius gravelyi 343
nervosa . 343
Chara .11, 12
Chiromysis 495
harpax 495
Cladocera ... 13
Clepsine hyalina 6522
parasitica 529
plana ... ... 629
Cobitidae ... 63, 313
Cobitis curta . 318
dario 320
geto ... 321
hymenophysd 317
macracanthus 320
marmorata 79
“microps 80
stoliczkae 78
tenuicauda 79
villata T4
Coelenterata .o 117
Coelicoia renifera e 2
Coenagrionidae .. 309
Coenagrioninae 303, 309
Colubridae 20
Comanthus 118
annulatus 166
Commolenda 349

Conchodytes 120, 121, 240, 248, 259, 260,
268, 279, 281, 285, 287

biunguiculatus 118, 252,,260, 279,

280, 281, 283, 284
domestica . .. 118
margarita . 279
meleagrinae 118 279 280, 281 285
nipponensis 279, 282, 283

tridacnae 118, 279, 280, 283-285
Coralliocaris 117, 121, 227, 240, 268, 269,

278, 279
agassizi 267
atlantica 268
aualitica 278
camerani T e 276
graminea . 269-272, 273, 275
inaequalis S o 269
japonica .. 278
lamellirostris 276, 277
Jucinn 269, 276-278%
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Coralliocaris macropthalma 271
quadridentate 269
rathbuni 269
rhodope .. 278
superba, 119 269 272, 273, 275
superba japonica ... 276, 278
{venusta 269, 274-276-
Corallium rubrum 117, 267
Cordulegaster 420
Crinoidea ... .. 118
Corixa 331, 332
affinis 331, 333
tannandalei w332
tdubia 332
hieroglyphica 331
fpaivana 333
promontoria 331
}rambhaensis 331
tribeiroi ... 333
Corniger 115, 134, 136
‘Cotyleceps marmorata e 348
Coutierea ... ... 113, 120, 240, 267
Criorhina ... . |9
imitator . 88
Cristiger llo, 134 136
Crocothemis servilia servilia, .. 305
Crossochilus latia . 35, 59
Crustacea .. 12
Crustacea Decapoda 113
Ctenolepisma o299
longicauda .. 301
Cuapetes ... e 134
Cyolemys dhor shanensis 522
Cyclogomphus 382, 387, 389, 390, 3¢ ",
394, 415
heterostylus 371, 390, 391
hypsilon 371, 390, 391
minusculus 371, 382, 390
torquatlus 380, 390
versiculosus 371, 390
Cyprinidae . 507
Cyprinoidea 33, 47, 66
Cyrenidae ... . 17
Cystignathidae 506
D
Danio RE
rerio ... 35
1 Dasycaris 117 119, 120, 240 267
{symbiotes 117, 119, 240, 241, 243
Dasymysis 483
Davidius . 387, 388, 380, 418
aberrans 371, 388, 389
ater . 389
bicornutus 389
cuniculus e 389
davidi . 388, 189
davidi assa.mensu 371, 388, 389
fruhstorferi . 389
lunatus 389
nanus .. 389
zallorensis 371, 388, 389
Delphacidae 343, 360
Delphacodes .. 360
anderida . 360
bakeri 361
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Delphaz sordescens ... ... 3D0
Dendrobaena . 432
Dennisia ... 13
Derbidae ... " 335, 343
Derbinae ... 335
Derbini ; 340
Derosphaerus cancellatus 293
Desmocaridinae 113
Desmocaris trispinosus 113
Diastatomma ; 370, 372
Diazona ; 118
Dicranotropis anderida 350
Digoniostoma i 16
cerameoporoa 16
pulchella 17
Dioptromysis .. 4 7 Z
perspicillata 446, 477
Diplacodes trivialis 304
Diplax cora 308
trivialis .. 304
Diplodiscus 358 359, 360, 361
Diplophysa 63, 64, 65 66, 68, 69, 79, 82
costata . 64, 69
dolaicus . 69
intermedius 69
kungessana 69
labiatus 69
microphthalmus ... 69
nasalis 69
papilloso- Jlabiata . 65 69, 70
strauchii 69
Fstewarti 67 70, 71

Diplophysa (Nemachzlus) strauchis
papilloso-labiata . - 69
Discognathus 60 507
Discosoma 1186, 117 119 135, 185, 189,
190, 191
haddoni .. 189
Disparoneura 3
canningi 1
gomphoides . 1,2
westermanni 1, 3
Dograna suffulta 328
Doxomysis 474 475 471, 480 482
tanomala ‘oo 447, 480, 481
hanseni 478, 480
littoralis 447 478, 479, 480
microps - .. 478
pelagica 4717, 478
quadrispinosa, 478
tattersallii .. 478
zimmeri 446, 478
Drawida .. 430
nepalensis 430
'h'osea 430

E

Ebhul carinatus 326
tmaculipennis 326
Echinodermata, 117
Echinoidea 117
Echinothrix 117
. tprcarum 268
Eisenia roses, 128

E]ixis aee 64, 65
coreanus 65
nikkonis 65

Emphusis malleus 328

Enallagma . 303
insula 303, 309

Enchilichthys dybowsku e 43

Ensiger ... 136

Epigomphus 371, 374, 384

Erethistes ... 32, 33, 45
asperus 33
elongata 45

Erythraeodrilus e 437
kempi bifoveatus ... . 437

Erythropini 462, 482

Erythrops ... 462, 464, 466
elegans 447, 463
minuta 446 447, 462, 463, 464
tnana . 446, 447, 463
spinifera e .. 464
serrata 447

Eucopia australis 445
sculpticauda .. 445

Eudichogaster- 4'30 438
tmullani 438, 440

Euglyptosternum . . 44

tEuidella kashmirensis 351
speciosa 352

Euplectella 117

Euthalia 512

Eutyphoeus .. 437
orientalis 430, 437 438
waltoni ... 438

Exostoma ... ... 33, 44
berdmoret . 33

F

Falciger 115, 134, 136

tFaventia flava 352
pustulata 352

G

Gargara majuscula 325
nigrofasciata 324
nitidipennis 324
pulohripennis 324
tumida 325

Garra 33, 35, 36, 38 41, 42, 44 46 47,

4850515253596061

507, 508, 509

abhoyai 36
annandalei 37 49, 50
kempi 35
lamta 60
lissorhynchus 36
mullya 35
nasutus 35, 41
rossious . 36

Gastromyzon - 35
borneensis 36, 37, 41

Gastrosaccinae .. 457

Gastrosaccus 459
‘bengalensis 446, 44‘7 462
dunckeri 446, 447, 459
indious .. 462
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+@astrosacous kempi 446, 447, 460, 461
muticus - 445, 447, 459
normani . 447
paoifious 446 ‘447, 461, 462
sanotus 447, 459, 461
simulans 445, 460
Glossiphonia ik ... 522
tannandsalei 521, 527, 528
ceylanica - o .. 022
heteroclita 521, 522
tinleana 521 522, 523, 524
parasitica vk ... 030
paragitica plana ... ... 530
parasitica rugdsa ... .. 530
stagnalis. 527, 529
Glossiphonidae RHE ey DEL
Glossoscolecinae g . 440
Glossosiphonia e == 12
Glyptobasis : 516
tbrunnea 517
dentifer 512
dentifera . 516
incusans ... bl7
nugax ... b17.
Glyptosternon labiatus . 33
pectinopterus ... 33
retioulatus ee v 33
striatus 33
sulcatus 33
Glyptosternum 33, 35 37 40, 42 44 45,
52, 54, 507

andersoni A e 907
blythi . D07
feae ... .. 807
labiatum 37, 40 41, 486, 51 52, 53,

54, 55, 60, 507

vinciguerrae 60
Glyptothorax 33, 30, 37, 38, 39 40 41,
42, 43, 44, 45, 55, 57, 38, 59,

507, 509

berdmorei e . 37
dorsalis e 65
madraspatanus 38, 39, 44, 55
saisii ... 41, 42, 66
striatus .. 41, 42
Gnathomysis .. 496
gerlaches 495, 496, 498
Gnathophausia bengalensis . 445
brevispinis e A5
calcarata e e 445
gracilis L 445
sarsi ... 445
7008 ... ... 445
Gobiesocidae - ork 36
Gobiidae ... 36
Gomphidia . 374
t-nigrum 370 374
Gomphinae 367 368, 377, 387
‘Gomphus 370, 371 376, 378, 384-387,

396, 396, 398, 399, 402, 409,
414, 419, 421

ceylonicus 371, 398
melampus 409
Tnilgiricus 371 396, '}97 419
to’doneli ee . 420
personatus 3171, 396 398
promelas 371, 396, 398
vulgatissimus .., e 396
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Giompphus xanthenatus 371, 398
Gonocephalum e . 292
depressum e 292
flewisi 289, 291
planatum e . 292
strigatum 291 292
Gordia ... .. 333
Gyraulus 12, 13 14, 358, 359, 360,
361, 363

barrackporensis .14, 15
cantori . .. 361
convexiusculus 14, 16, 358. 361
euphraticus 368, 361
himalayanus e .. 361
labiatus 361
rotula . ... 361
velifer 357, 358

H

Hagenius .. 370, 372
brevistylus i2
gigas ... e 372
Hamaiger 115, 134 13b, 137, 166, 167
Harpiliopsis ; 115, 226, 227
beaupresi = e 229
depressus .23
Harpilius ... 115 117 120, 139, 172,

226, 227, 228, 239, 240, 208

beaupresi 226, 228, 229, 230, 231,

232, 233, 240
consobrinus ... 229, 235, 237, 238
depressus 226, 228, 231-234, 235,

240

*depressus gracilis 228, 234

gerlachei 172, 226, 228, 229, 238,
] ] 239
tnermis e 249, 25}
latirostris . 115, 185, 186
Intescens 226 227, 228, 229, 235,
o 236 237
miersi e 253
Helicomitus ol4
clenocerus ... 516
dicex ... 514, 516
tnstmulans .. OlD
profanus e ol4
verbosus 514
{Heliogomphus 375 3'78 380, 384 392,
415, 422, 423
gracilis 379
nietneri 371, 378 379 380, 4!(), 417
tpruinans 416
retroplexus .. e 379
soorpio ' 379
Helix corneus e 36O
vortex .. 361
Helodrilus 430, 440
Helodrilus ( AlIoIobophora) agat-
schiensis e 44
caliginosus tmpezondes 428, 440
1'1)1 ashadi Ve 440
Helodrilus (Bmwsbus) oonatnotus 142
indicug . 429
parvus 428 142
tHelodrilus (Dendroba,enn) kempi 429,

441, 442
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Helophryne 506
natalensis 505
Helops dentipes 294
ebeninus .. 294
Hemiclepsis margmata 522, 527, 526
Hemiptera . 483
Hemisiriella ... 456
parva 446, 456
Herpis 336
tturae 335
vulgaris 336
Herpobdella 533
atomaria ... 532
Herpobdellidae 521, 522, 533
Heterogomphus ... 387, 412, 414, 416
tceyloniocus 371, 412, 413
cochinchinensis . 413
icterops 413
naninus ... 4l4
smithii 371. 412, 413.
sommeri ... 413
sumatranus 413, 414
unicolor 413
Heteromera 289
Heteromysini ... 495
Heteromysis 495, 498
Tgymnura 447, 500, 501
harpax 448, 495, 496, 498, 499, 500
microps 448, 499
odontops ... 500
fproxima 447 496 497, 498, 499
tzeylanica P 447, 499, 500
Hippeutis ... 12, 15, 358, 3569. 360, 361
caenosus
fontanus 15, 361
fontanus euphaeus 361
umbilicalis 361
Hippolytidae 114
Hirudineas ... 521
Hirudo' ... 533
heteroclita 522
hyalina 522
parasitica 529
trioculata ... 522
Homaloptera .. 37, 41
Homoptera 335, 343
Hoplobrachium a,apenpeune 294, 295
dentipes . 204
Hoplochaetella 437
Hybrisini ... 516
Hydrilla ... 11
Hydrobiidae 13. 16, 17
Hydrodictyon . 13
Hylorana ... .. 507
Hymenophysa 314, 316 317
curta ... 318
macracanthus 320
Hypererythrops 464, 466
serriventer 466
spinifera

Hyperops latus

I

Ictinus

angufosus

. 446, 464, 465, 466

289

368, 370, 373, 374, 396,

412, 421
370, 373, 374
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Tctinus atrox . 370, 374
fallax ... . .. 374
mordax 370, 373
praecox 370, 373
rapax 311 370, 373, 415
{Idiomysis a 447, 488
tinermis 447 489, 490 49}
Idricerus decrepitus ... ... blé6
tIndogomphus o 422
flongistigma 422
Indomysis annandalei ... 446
Indonaia ... .. 92,94
bonneaudi ... 94,95
caerules 94, 95, 103
chaudhurii e e 94
crispata .. 94, 95
crispisuloata .. 94, 96
lima ... 95
pachysoma ... 94, 95
Indoneura ..1,3,4
gomphoides ..1,2,3
tramburi .1,2,3
Indoplanorbis 369, 360 361
exustus ... 358
{Indopseundodon ... 92,98
ava ... - . 99
salwenianus 09
jIntha ... 359 360 361
teapitis 358, 362
Ischnura aurora ... 310
delicata 310
nurser ... 310
senegalensis 303, 310
Tsidorinae .. 358, 363

J
Japygidae ... 299
Japyx indious 299

K
Kalpa aculeata 350

TKamenda,ka (Eosa.cehamsa.) a,lbx-

pennis .. 337
Koelisia fieberi 351
{Kcmpiana .. 354
tmaculata 354 356
Kermesia albida ... 350
tparva 360
Kinnara maculata 349
spectra 349
1Kuvera brunettii. 346
semihyalina 346

L
Labeo s ... 12, 38
rohita, b 43, 66, 67
Laguvia 33, 42, 43, 45
Lamellidens 92, 105
burmanus vee . 107
canefrinus .. 106
corrianus) 106 107
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Lanellidens dolichorhynchus ... 106

generosus .. 106, 107, 108, 109
Jenkinsianus ohesa e 109
lamellatus 106, 108, 109
layardi ... 108
marginalis 106, 107, 108
marginolis humilior 108, 108
marginalis tricolor 107
marginalis sawaddyensis 109
marginalts scutym .. 108
marginalis sublgmellata 108 100
marginalis zongta 108, 109
scutum 106, 108, 109
thwaitesi w107
Lamelligomphys 426
Laomenes ... .. 134
Lathrecista asiatica 303, 304
Lefuq .o 63, 64, 656
Leichenym canahoulatum .. 2093
Leirioessa .. 347, 348
mander . 348
nubila 348
tpulchra s 347
tortricomorpha ... 348
Lepidocephalichthys ... 34
Lepisma saccharina 300
Lepismatidae . 300
Lepthemis sabina africuna «. 305
Leptobotia . 313, 314
Leptocentrus decipiens o 326
leucaspis ee o 326
longispinus 326
mephistopheles 326
obortus . 326
Leptogomphus 370, 378, 379, 390
asgimiljs . ... 378
gestroi 371, 378
incljtus 371, 378
kelantanensis e 378 -
Jansbergi vee .. 378
maculivertex 371, 378
parvus .. 378
perforatus 378
sguteri 378
semperi 378
willjamsoni . 378
Leptomysini 466, 478, 482
Leptomysis -..470, 474, 475, 477
apiops . 446, 448, 470, 472
{xenops 44b 448, 470, 471, 472
Lestes cyanea 13
gracilis 311
elata ... 311
elatus ... 311
Lestinae ... 311
Levn irf§ipennis 340
Libellula ampullacey 305
analis 306
grrie ... 307
asialica 304
basilaris 30"
brevipennis 307
celestina 307
chinensis 06
congene 304
contaminule e 300
equestris e e 306
ferruginala 306

Page.

Libellula fluvescens .. 306
gibba .. 305
histrio 307
indica 307
lineata 306
neglectumn BUS
obscura 304
phaleratu 304
pruinosa 305
sabina ‘. 305
servilia 305
signatu 308
stmilata 306
8obrina 304
terminulis 300
tillarga 307
trivialis 304
tullia ... 3006
variegalu 307
virtdula ... 308
Libellulidae 804, 404
Libellulinae 303, 304, 396
Liburnia sordescens 3560
Limnaea 12 13 357
acuminata . 13
amygdalum 14
chlamys 14
luteola 13, 14
patula 14
succinea J4
ventricularius 14
Limnaeae ... .o 12,13
Limnaeidae 13, 3567
Limnodrilus 428
Linckia 117 138
Lindenia . 372
Lophogaster «. 448
intermedius 446, 447, 448
typicus . 447
Lophogastrida 448
Lophogastridae 44K
Lumbricidae . 440
Lumbricinae 4"8 429, 430, 440
Lumbricus terrestris ... .. 441
Lycomysis 492, 493, 494
pusilla ... 446, 492, 494, 495
spinicauda 440, 492, 493, 4124, 495
Lyprops curticollis o203
tLyricen vagans 336, 337
Lytta 297
nigrifinis 297
usta 297

M

tMachaocrotypus hrunneus 328
Machilidae .. 1300
Machilontusr gravelyi ... 300
Mnorodiplax v 303
cora 308
Macrogomphus 375, 3717. &80 382 423
albardae 377
abnormis 1377
annulatus .3(»8 )7]. 375 370
decemlineatus 376, 377
montanus 391, 396, 377

parallelogramma ... 377
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Pc%ge'i
crogomphus uadratus 3176, 37
e rogbus{’us d 371, 376, 376
thoracious e 377
Macropsis 483
ortentalis .. 482
Madreporaria 116, 117
Magadha flavisigna ... .. 3b4
fMa]ell& albomaculata .. 353
Margaritana ah .. 92,93
Margaritanopsis .. 92,93
laosensis . 93
woodthorpi 92, 93
Margaritophora 118
fimbriata 287
Margaron (Unio) ea:olescens 109
Jfoliacea . 109
generosus 107
tavoyensis e 104
Marygrande mirabilis 248 252
Mecistogaster ee die b
Megalophrys .. D05
parva . 007
Megascolecidae 431
Megasoolecinae .. 431
Megascolex 429, 430 431
thorai 429, 432
konkanensis 431
mauritii 432
travancorensis 429
Melaniidae . 13
Méleagrina . 118, 279, 285, 286
Meloidae ... . 297
Melolonthidae 426
Membracidae 323
Merogomphus 384
Mesogomphus 403
coquatus 404
hageni 404
rugulosus 291
villiger . 291
Mesopodopsis 472, 482
orientalis 446, 448, 482
slabberi ... 448
Metamysis 483
mitsukurii 483
Microhyla ... ... 506
achatina 505, 506
Microgon_1phus 375, 380, 390, 417
chelifer e 380, 382, 383
torquatus 371 380, 381, 382, 383,
. 417, 418
Micronympha aurora ... 310
senegalensis 310
Mimobdella o . b32
Mnemosyne =k 343, 344
cl}::l%a,lensm e 343
ippina
Mollusoa, . .
Mollusca Iameﬂlbranchlata .. 118
Moniligastridae ! . 430
Monocondylaea avae A 99
crebristriatus 98
Monodontina 97
vondembuschiana mosculams 97
Montipora, 183
Mordellidae e 296
Mordellistena daturae 296
defectiva 296 297

Page.
tMundopa pashokensis 346
vagans . 346
Mylabris humeralis ... 297
pustulata . e 207
Myrmeleonidae 511, 512
Mysida, aee 448
Mysidacea 445, 446
Mysidae ... .. 448
tMysidiides furcata 339, 340
tfuscinervis 338, 339
Mysidioides .- .. 340
Mysidopsis 4606, 470
didelphys .. 468
gibbosa 448 466 467, 468, 489
tindica 446, 448, 466, 467, 468
Tkempi 446, 468, 469
Mysinae ... v 462
Mysini 482, 493, 494
Mysis quadrispinosa . 477
My=xobdella annandalei 525
N
Nelumbium oy 11
Nemachilus 33, 34, 42 59, 61, 63, 64, 65,
66, 68, 72, 79, 80, 81, 82,
315, 316
botius .. 316
dixoni 66
evezardi 66
gracilis 72, 74
griffithii 79
tkashmirensis 72, 76
ladacensis . 72,78
lhasae 40, 70, 72 75, 76, 77, 79, 80
mackenziei s ol 81
manipurensis T 8]
marmoratus 72, 74, 79
microps .. 73, 80
obesus 65
rupicola ... 76, 83
stenurus 71
stoliczkae 63, 70 72, 74, 75 77 78,
79, 80
strauchit papilloso-labiatus 69
tarimensis 73
tenuicauda . 72,179
tenuis . 40, 72 717, 82
tibetanus 71 73, 79, 80, 81, 82
vittatus 66 67, 68, 72, 74, 80
varksndensis - 72, 73
yarkaniensis brevibarbus 73
yarkanuensis longibarbus 73
yarkandensis macropterus ... 73
yasinensis 72, 73, 75, 82
Neomysis ... ... 483
thodgarti 447, 486, 487
tindica 447, 448, 483, 484,485, 486
longicornis .. 448, 483, 485, 486
stelleri = 485, 486
Nephelis ... .. b33
Neurothemis tullia tullia 306
tNiceta kanarae 338
Nilaparvata greens 350
sordescens ... 350
Nodularis, ... ... 95, 96
bonneauds . 94
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Nodularia caerulea .., 94
chaudhurii e . 94
crispata 95
crispisulcata . e 95
diespiter 96
Jourdys 96
lima ... 956
machelott .- . 96
pachysoma 96

96

Nodularm (Radmtula) crzspzsulcata 95
Notogomphus .. 390
Notoscolex 429, 430
oneilli . 429
ponmudianus . 429
stewarti 429
striatus e 429

o

Octochaetinae 436
Octochaetus ... 436
beatrix 430, 436, 437

_ dasi ... ... 436
Octolasium 443
lacteum . 443
Octonema pleskei 64
Odonata ... 1
Odontobdella 532
Oedipus 268
dentirostris 272
gramineus e 269
superbus 228, 272
Ogoogaster .. 518
dentifer ... ble
tkempi 518, 519
segmentator .. bl9
tesgalata 518
tesselatus ... bl8
Oliarus a 343, 344
tgoae ... .. 345
tkempi 344
tkierpurensis 344
kurseongensis 346
punctipennis 343
tturae ... 345
Oligochaeta 427, 428
Oligodon albocinctus ... 29
erythrorkachis 29, 30
tmelanozonatus ... ... 29, 30
sublineatus . 23
Onychogomphus 387 399 402, 404 407,
409, 411, 415, 426

tacinaces 371, 402, 407, 408, 409
annularis 371, 404, 411
taureus ... 371, 402, 405, 406
biforceps 371, 402, 406, 407, 408,

409, 416, 424, 425, 426
*biforceps nilgiriensis = 424, 425, 426

bistrigatus 371, 410, 424
camelus 407, 408
capitatus 404, 406
cerastes 371, 411
oircularis 371, 412
m-flavum 371, 402, 410
flexuosus . 403

XV

Paye,

Onychogomphus forcipatus . 402
frontalis e 371, 409
genei ... . 403
geometricus 404 405, 406, 409, 411
grammicus . 371, 402, 403, 411
lineatus 371, 402, 403, 404, 415, 426
maclachlani 371, 411
modestus 371, 408
pumilis .. 403
reinwardtii e 404
sgundersi 371 402, 405, 406, 409
uncatus e 424
Onycocaris 121, 268, 278
Ophiocephalus . 12
Ophiogomphus .. 414
reductus 371, 414
Orchestia platensis ... e 304
Oreinus .. 12, 41
Orientomysis . ... 483
Orthetrum 304
asiaticum 304
pruinosum negleotum 306
sabina .. 305
triangulare 13
Ostracoda ... 13
Otinotus oneratus w327
Otiocerini ... .. 336
Oxynaia ... . 92 96
pugio ... 96

P

Pachylabra maura .. b22
Pachypterus elongatus w291
tindicus e 290
Palaemon ... 185, 222
beaupresii - 229
petitthouarss 196

Palaemon (Brachycar;ua) laccads-

vensis .. 162, 164
Palaemonellu. 119 122 123, 130, 135,
152, 153

aberrans .. 115, 185, 186, 189
affinis ... 118
ambotinensts 123, 185
biunguiculata ! w123
fvenasis - 123, 162

tlata ... . 123, 127, 128, 129
orientalis 118 123, 131, 132,
133, 134

pottsi ... 118, 123, 126, 127
tenuipes 123, 125, 129, 130, 131
tridentala 123, 129, 130
tvostigialis 123, 124, 125, 126, 127,
128, 130, 224, 226

Palaemonetes .. 113
Palaomonidac .. 113
Palaemoninao 113, 123
Paludina pulchella . 16, 17
Pamendanga pallata ... 341
Pantala 303
flavescens . 308
Parabotia ... 313, 314
Parahomaloptera mxorostoma. 37
Parapsilorhynchus . 33, 42
discophorus 47
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Paratypton 124, 288
sicbenrocki ... 286
Parrcyssia e 92,99
bhamocnsis 100 101
burmanus e 103
dallvana 110
favidens e 102
fecac ... 105
feddeni 104
houngdaranicus ... .. 101
mandelayensis 100, 101
pernodulosa e .. 103
smaragdites 99, 102, 103
taVOyenus w104
lavoyensts trzembolus .. 101
videcanus ee . 103
Pecten ... 118
Pelias e 134
Penacidac ... . e 113
Periclimenacus ll5 134, 136-138,
166, 167

fimbriatus Sns . 167
robustus 167
Periclimenes ]l), 120 121, 123, 126,

134-140, 142, 143, 147, 150,
152, 153, 165-167, 219,
226-228, 239, 240, 241, 244, 248

acsopius 139, 140, 142
amethysteus 136, 140, 147
talcocki 136, 139, 141, 153,
154, 155, 156, 158

andamanensis = 200, 204
beaufortensis 139, 266, 267
borradatlet 195, 220, 223
brevicarpalis- 117, 119, 123
brocketti 2k .. 118
brocki O &
calmani . 195
ceratophthalmus ... we 1B
commensalis 118, 141, 166
cornutus 118
demant 115, 195, 219
denticulatus e .. 139
tdiversipes oo LIT
ensifrons 209, 210
frater ... 137, 139, 166
gorgonidarum ... . 138
gracilis 141, 150
grandis 1.38 197, 209, 210
hermitensis 115, 185
hertwigi e e 138
holmess .. 218
timpar 11’7 140, 147, 148 149
incertus 140, 150
indicus 140 144, 145, 146
infraspinis 140 143, 144
finornatus . 117, 119
tinvestigatoris 117 139, 141, 160,
161, 162

kolwinadulensis . 220, 222, 223 224

laccadivensis llb 135, 139, 141, 152,
153, 106 158

Tla-n‘ipes ... 136, 139, 141, 156
tlatipollex 135, 139, 141, 150, 151,
' 153, 154, 158
lifuensis 220
longicaudatus 139 140 141 142
novae-zea,la-ndiao SO | 7

XVl

Puge

+Periclimencs noverca 137, 139, 141, 162,
163, 164, 165

Tobscurus 115, 140, 144, 145, 146
parasiticus 117, 134, 138
parvus 140, 149, 150
petiuhoua-rsi 139, 1635, 196
petitthouarst denticulata 197
petitthouarsi spinifera .. 195
poltst .., 123, 126
pusillus 195

frex ... 119, 137, 141, 158, 159, 160

rofumanus .. 226
seriptus 130, 136 137, 139, 140,

147
seychellensis . o 137
soror ... 139, 141, 165, 166
spiniferus . 117, 139
spinigerus 231, 234
tenuipes 139 218, 220, 223, 224
viliensis 210, 214

tagag

amboincnsis

Periclimenes (Ancylocams) affinis 171, 214
170, 173, 197-200, 203, 204
207, 208, 221

168, 172, 173

americanus 169, 179
amymone 171, 219
tandamanensis 1'71 204-209, 213
nilandensis 168, 172
brevicarpalis 169, 185, 189, 191, 192,
194, 214

brevinaris 170, 195
brocketti 170, 194
brocki 172, 226
calmani 169, 176
ceratophthalmus ... 168, 172, 173
compressus 170, 194
cornutus 168, 172, 173
demani 171, 219
denticulatus 170, 197
tdigitalis 172, 224, 225
suvadivensis . 171, 209
tdiversipes 109 170 179-182, 184,
185, 194, 195

edwardsi 168, 172
elegans 171 214 215, 2106, 217,
218, 219

elegans dubius .. 218
ensifrons 171, 209, 210
frater .. .. 170
grandis 171, 210, 211)-217, 219
holmesi . 171, 218, 219, 223
tinornatus 170 182, 191-194, 214
korni ... 169, 185
tleptopus 169, 173-176
lifuensis 171, 220
longimanus 171, 224
longipes 168, 173
petitthouarsi 170, 196
potina 1()9 182, 184, 185
tproximus . 171, 201-204, 208
psamathe 168, 173
pusillus 170, 195
rotumanus 172, 226
tenuipes 171, 173, 220
seychellensis 169, 176-179
spiniferus 170, 195, 196
tenellus 169, 179
vitiensis 171, 214
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Periclimenes (Cormger) ccmtophtkal
mus 172
comums 172
Periclimenes (Cﬂstzger) brocki 226
commensalis e .. l66
incertus .. 150
scriptus e 147
Periclimenes (Falcager) ajﬁnw 214
amethysteus s w147
borradailei 220
brocketti s .. 194
compressus e 194
dubius 218
kolumadulensis ... . 220
nilandensis e 172
petitthouars: el .. 196
poltst ... o 126
aseychellensis . .. 176
spiniferus o 195
suvadivensis 209

Periclimenes (Hamiger) novae-zea-
lardiae ... 167

Periclimenes (Perxchmena,eus) ﬁm-
briatus .. " . 167
novae-zealandiae .. . 167
robustus . 167
Perionyx . 429, 430, 435
eXcavatus w. 435
tmodestus ... 436
$Perissogomphus 376, 333, 384

stevensi 371, 383, 384, 385, 386, 418

Petalophthalmus armlger 445
Phallusia ... 118
Phenelia ... 363
Phenice pallata 341
Phidole rhombinoda 293
‘Pheretimd e .. 433
elongata . s 433
hawayana . 433
"heterochaeta 433
houlleti 434
posthuma . 434
suctoria 434, 435
Phra amplificata .. 338
Phyllomacromia nilgiriensis 9
Phylloneura westermanni 3
Physa «. 3569
elongata 363
Physidae ... 357, 358
Physunio .. . 92, 96
ferrugineus e e 97
micropteroides .. 97
Pinna 117, 118 261, 256, 260,
279, 281

bicolor 252, 281
nigrina 2562
rugosa 287
vexillum . 262
Pinnotheres 117, 260
Placobidella emydae 526, 527
parasitica 621, H29, 630
Planorbidae 13, 14, 3567, 358
Planorbinae 367, 368, 359
Planotbis . %8, 359, 300, 362, 303
albus ... . 301
barrackporensia ... 156
cdenosus 15, ulhl 462
calathus 362

Paye.

Planorbis exustus . 358, 300
hindu .. 360
hutton: 15
hyptiocyclos . 301
nitidus 362
gindicus w301
trochoideus . 362
umbilicalis . 15, 361
Planorbis (Segmentina) caenosus ... 15
Platydema velutinum e 293
Platygomphus 396, 398, 399
dolabratus 371, 398
feae ... 371, 399
Podogomphus e 392
praetorius e . 390
Polycarpa .. .. 11
annandalei 116
Polyodontophis saglttarms 23
Polyzoa ... . 11,12
Pontonia ... 116 120 2417, 248 259,
260. 279, 2817

tanachoreta 116, 118, 261, 264-2606
armata .. 248
ascidioola 118 260, 261, 204, 266
biunguiculata . .. 280
brevirostris 118, 260, 261
californiensis 287, 288
flavomaculata ... .. 118
maldivensis 266, 267
margarita 118 260, 287, 288
minuta 260, 261
nipponensia 260, 279, 282
fokai ... ... 116, 118, 261-266
pinnae 118, 249, 251, 262, 260,
287, 288

quadratopht-hnlma 260, 261
tridacnae .. 280
-tyrrhena 117, 118, 259, 260

Pontonia (Harpilius) dentata - 2
Pontonides . 120, 139, 206, 267
beaunfortensis - w117
Pontoniinae 113, 114 115, 117, 119,
136, 138, 143, 246, 267

Pontoniopsis 120, 239
comanthi 118, 239
Pontoscolex corethrurus 440
Porifera ... SO & ]
Potamarcha obscura .. 303, 304
Potamogeton . 11,112,138, 14, 16
Potamomysis ... 487
assimilis 44(», 448, 487, 48K
pengoi . e, 448
{Prionomysis . 447, 474, 476
tstenolepis .. 447, 474, 475, 476
Protosticta e 4,0
gravelyi . 4,h. 8
Thearseyi b
tstevensi 6,1
tsanguinostigma ... o bo
Pseudagrion microcephalum 303, 310
Pseudanchialina inermis 446
pusilla oo 446
Peeudecheneis 33, 38, 44
sulcatua 42, 45,
tPseudoblaps harkudensis 200
javanur 290
Prer derdon e 02,097,490, 110
arq .. - .. I8, 19
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Pseudodon cambodjensis 97
ohaperi e 97
crebristriatus - - 98
crebrisiriatus peguensis 98
cumingii ; 97, 99
ellipticus e .e 97
tnoscularis 97, 99
orbicularis e e 97
ovalis w97
_peguensw - 98
peguensis curvata. 98
ponderosus 97
salventanus 97
salwenianus 97, 98, 99
vondembuschiana ks 97
vondembuschiana inoscularis 97
zollingeri - 97
Pseudophaea dispar ... 9
fraseri 8,9
*fraseri wynaa.densm - 8
Psilorhynchus 32, 33, 37, 60,
61, 66

balitora - 67
Pteroeides 117 119, 240, 243
elegans . . 243
Ptoleria 349

R
Radiatuls ... 95
Rana . .. 006
afghana 506-509
alticola 506
assamensis 507
latopalmata .. 507
livida ... 507, 508
malabarica ... 508
Ranae Formosae e 507, 509
Rhodisohnura nureei ... 310
Rhopalophthalminae .., 457
Rhopelophthalmus .., .. 457
egregius . 445, 457
tRhotala gravelyi . .. 353
Rhotana tndtpenms “ 340
Rhotanini .. . 340
Rhynchota . . 331
Rhyothemis vanegata, valiegata ... 307
S

Sadia rostrata e 3561
Saron . e 222
Sataspes hauxwelli .., 86
Scaptobdella blanchardi ... b33
horsti .. B33
Schizothoracinae 33
Segmentina 12, 15, 16 848, 359, 361 362
calathus 16
Selysiothemis 396
Setenis furva e 293
Shorea robusta, . 201
Sieboldius ... 372
albardae 372
grandis e 372
japponicus 370, 372
Siluroidea ... 33, 51, 507

Page,

Siphlocerus minius .. 0518
Siriella 448, 450, 466
aequiremis ... 446
affinis 446 44‘7 453, 454, 455
brevicaudata 446, 450, 451, 452, 463
brookii . 453
clausii 447, 453
dubia ... 446, 455
gracilis 446, 453
thanseni 446 448, 449, 4560
jaltensis . 447, 453
longipes . 453
nodosa 448 450, 452, 4563
norvegica 447, 453
paulsoni 445, 4566
quadrispinosa 446 448, 450, 4563, 454
thompsoni .. 453
vulgaris 446, 447, 453, 454
watasel . 453
Siriellinae ... w. 448
Sisor 44
Sisoridae ... 6507
Sogata pusana 351
Spenceriella 429
Spirogyra ... 11 13, 15
Sphaerium .12, 17
indicum <. 13,17
Spondylus 118, 256
Spongicola venusta 117
Stegodyphus sarasinorum .. 300
Stegopontonia 121, 268
commensalis 117, 268
Stenosis kraatzi .. 289
Stilomysis .. 488
TStrongylmm annandalei 295
borchmanni 296
marseuli . 295
Stylogomphus inglisi ... .. 415
Suhpalacsa 515, 516
tobscura .. 515
Suhpalacsini . 513
Sumangala delicatula ... . 340
Suphalasca cervinus ... .. blb
placida 515
Suphalomitus 513
Tserratus 513
verbosus 6514
Sybaris testaceus e 297
Sympetrum e . 12
pallidinervis - .. 305
Syncrossus berdmores ... . 317
Syrphidae ... 88

T

Taia intha 527
shanensis 529
jTemnogomphus 391 394
bivittatus 371, 394, 395
Tenebrionidae .. 289
Termitidae 535
Thalassinidea . 113
{Thaumastocaris 119, 120, 244
streptopus 244, 245, 246
Tholymis tillarga .. 307
Thysanura - 299, 300
Tillarga .. .. 303



Toxicum oppugnans
Tramea
basilaris burmelsterl
limbata similata ...
stmilata
Trameini ...
Trapezoideus
dallianus
exolescens
foliaceus .
foliaceus comptus
foliaceus zaleymanensis
misellus
subclathratus .
Tricentrus albomaculatus
allabens .
brevis
projectus
pronus.
resectus
Tricula montana
Tridacna ...
gigas ...
squamosa
Trigonodon
peguensls
peguensis crebrlstnatus
peguensis curvata
Trithemis ...
aurora
festiva
pallidinervis
trivialis
Trocheta ...
horsti
fquadrioculata

Typhlocaridinae
Typhlocaris
Typton

bouvieri
spongicola

Unio
andersoniana
andersonianus
bhamoensis
bonneauds
burmanus
complus
corrianus
corrugatus
dolichorhynchus
evilatus
exolescens
feae ...
feddeni
foliacea
foliaceus
foliaceus fragilis ...
fragilis
generosus
generosus angustior
generosus delapsus
gerbidon?

118, 256, 959, 279, 285, 286
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e 203
303
306
306
306

.. 303
92, 109
w. 110
109, 110
109, 110
109

.. 110
109, 110, 111
.. 110
323
323
323
323
323
323

16

2562
. 256
92, 97, 98

522, 530 631,

532, 633
.. 113
.. 113
121, 286
.. 286
117, 286

91
102

. 94
100, 101 102
94
103
.. 110
94, 106
. 100
106
94
.. 109
.. 106
104, 106
109, 110
.. 110
e 108,
109, 110
.. 107
107
107
94

Unio gianelli

gianelli degener

houngdaranicus

humilis

lamellatus

lamellatus var.

laosensis

layards

letoma

mandelayensis

marginalis cylindrica

marginalis obesa ..

marginalis subflabellatia

marginalis tricolor

marginalis zonata

microsomus

parma

peguensis

pilatus

protensus elhptacua

protensus oblusatus

gto ...

pulcher lamellattformw

pulcher ponderosulus

reotangularis

savoyensss

scutum

scutum humilior

gella ...

smaragdites

lavoyenais

triembolus
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NEW AND RARE ODONATA FROM THE
NILGIRI HILLS.

By Major F. C. FrAser, I.M.S.
(Plate 1.)

The Odonate fauna of the Nilgiris is of more than ordinary
interest in that these hills have furnished some of the earliest
known types of Dragonflies.

The Nilgiris were first explored by Europeans in 1822 and
Rambur described several species of dragonflies in 1842 which had
been collected from those hills during the two decades whicn had
elapsed.

Unfortunately the descriptions given by this entomologist,
although good, are often not too exact and lead to doubt as to
what particular insect was described, especially in a case where
there are several insects closely similar. Amongst these latter is
the description of Indoneura gomphoides (Argia gomphoides Ramb.)
which was obviously made from an immature insect and which
does not give the exact measurements.

The Baron de Selys in his Synopsis des Agrionines, p. 20, 1842,
redescribed I. gomphoides and gave the measurements of the
abdomen and hindwing. It is evident that he knew the type
and made his description from it, for in 1886, in his Revision des
Agrionines, p. 171, he described under the same name, two speci-
mens which he had received from Mr. McLachlan and, concerning
them, noted that they differed from the type by being larger, by
having the wings more rounded and Cu, rather longer. This
implies a close, personal comparison of two types and leaves no
doubt as to which was the original of Indoneura gomphoides, viz.
the smaller of the two species.

Of the two other closely related species found in the Nilgiris
Disparoneura canningt Fraser has no blue markings and Disparo-
neura westermannt Hagen is much larger than either of the two
species described by Selys.

During the last decade I have had several opportunities of
collecting and examining large numbers of specimeus of Indoneura
over a wide range of the Nilgiris, and I find that there are two very
distinct types of I gomphoides as described by Selys, the smaller
of which is undoubtedly Rambur’s type, and the larger a new
species for which I propose the name Indoneura rambur:.

Indoneura gomphoides (Ramb).

Argia gomphoides, Ramb., Ins. Newrop.. p. 250 (1842); Alloncura et
Disparoneuva gomphoides, Sclys, Syn. des Agrionines, p. 448 (1860)
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id., Rev. des Agrionines. p. 171 (1886) ; Indoneura gomphoides,
l.aid., Rec. Ind. Mus. X111, p. 397 (1917).

Male. Abdomen 36 mm. Hindwing 26 mm,

The markings in the adult stage are all turquoise blue, the
thoracic ground colour is citron yellow only in teneral specimens
and soon passes to pale blue whilst the humeral stripes take on a
deeper shade.

The abdomen is moderately robust and short, and built more
on the lines of Calicnemsis exinia.

The wings are moderately sharply pointed at the apex; «cis
situated midway between the two antenodal nervures and meets
ab well away from the posterior margin of the wing; Cu,is 11
cells in length: the stigma is dark brown framed in black ner-
vures ; the postnodal nervures in the forewing number 19-22.

Female. The markings in this sex are a dirty grey, the
humeral stripe often having an ochreous hue. The markings on
the end segments of the abdomen are bluish.

Habits. This species frequents streams on the kundahs (open
grassy country) around Ootacamund, where in restricted localities
it may be seen swarming during the early months of the year be-
fore the onset of the monsoon. The break of the rains in June
leads in a few days to its total disappearance although on fine
days or during temporary breaks in the monsoon, a few stragglers
may be seen.

Indoneura ramburi, sp. nov.

Disparoneura gomphoides, Selys, 1.c. (1886).

Male. Abdomen 44 mm. Hindwing 30 mm.

The markings do not differ markedly from those of Indoneura
gomphoides and are coloured turquoise blue in the adult, citron
yellow in immature specimens.

The abdomen is very long and slim when compared to that
of I. gomphoides and is built more on the lines of that of Coeliccia
remifera. |

The wings are more blunt at the apex ; ac is situated much
nearer the basal antenodal nervure and meets ab almost or just
at the posterior margin of the wing ; Cu, is 13 or more cells in
length; the stigma is black ; the postnodal nervires number in the
forewing 22-32.

Thg anal appendages do not differ from those of Indoneura
gomphoides.

Female, Al?domen 42 mm. Hindwing 30 mm.

Except for its greater length, not differing from the female
of I. .gmnzﬁhmdes, Stigma pale brown. Postnodal nervures in
forewing 22-23.

Habits.  This species is found at a lower level than the former
?nd has a much more scattered and extended range between 3000

t. to 6500 ft. It is never found in swarms as is I gomphordes

atndl it often travels far from the neighbourhood of its native
Streams, extending deep into the jungle,
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Unlike I gomphoides it does not appear much before the onset
of the monsoon in June and from that time onwards during the
rains, gradually increases in number. I have never found the two
species in company and they are certainly quite distinct. The type
described by Selys is presumably in the McLachlan collection but
I cannot say for certain as I omitted to take the measurements
when examining the collection in 192o0.

In males taken at an elevation of 3000 ft., abdominal segments
8 and g show an almost constant invasion of the blue by the black
ground colour from the base. This latter colour projects into the
blue as a subdorsal streak on each side and limits it also laterally
so that on each segment an inverted blue ** T” is formed. In
all other respects these specimens agree with Indonecura ramburi
so that they are probably not more than a local variety of it.

Type in my own collection, paratypes in British and Indian
Museums.

Phylloneura westermanni (Selys).

Alloneura westermanni, Bull, Acad. Belg. (2) X, p. 447.(1860) . Disparo-
neura westermanni, Selys, Mem. Cour. XXXVIII, p. 171 (1880):
Laidlaw, Rec. Ind. Mus. X111, p. 347 (1917).

Male. Abdomen 51 mm. Hindwing 38 mm.

This insect has been lost sight of for many years and some
doubt exists as to what genus the insect really belonged to. Re-
cently I have secured twelve male specimens of a dragonflv from
near Gudalur, Nilgiris, 4500 ft., 26°vi-1921, which fit the description
and measurements given for P. westermanni so exactly that there
can be no doubt but that they belong to that species.

The colouring is. ciosely similar to that of I. gomphoides so
that the two insects are apt to be mistaken for one another when
resting or on the wing and I fell into this error when I took the
first specimen of P. westermanni and imagined that I had taken a
particularly fine and large specimen of I. gomphoides. The former
insect is, however, very much larger and the blue on the abdom-
inal segments more extensive, covering the apical half of the #th
segment as well as the whole of the 8th to roth.

The venation of the wing is irregular and is of interest in
that it shows well-marked traces of a transitional reduction
from a complex to a simple form of venation. Rudiments of
intercalated sectors are found in the wings of many specimens
and the straightening out of a zig-zagged M, is well illustrated.

P. westermanni is even more primitive than Indoneura aund is
not congeneric with the latter as Dr. Laidlaw had surmised; I
have therefore placed it in a genus of its own. On the contrary
it is more closely allied to Disparoneura, as ab extends outwards
as far as Cu,a which it joins, as in all species of the latter genus.
It thus differs markedly from Indoneura in which ab curves down-
ward to meet the posterior margin of the wing so as to enclose
a marginal cell. The primitive nature of the venation, however,
separates it from Disparoneura as sharply as the same feature
separates Indoneura from typical Caconeura.
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Postnodal nervures to the forewing 27-29 ; stigma black; Cu,
is 13 cells in length or less than half the wing length.

Female. Abdomen 46 mm. Hindwing 35 mm.

Very similar to the male but of stouter build, differing as
follows :—

Wings uniformly enfumed. In the right hindwing b is con-
nected to the posterior border by 2 transverse nervures. In both
forewings it is nearly confluent with the posterior border at its
outer part and the space between the 2 mnervures can only be
detected with the aid of a strong magnifying glass, In 3 out of
the four wings there are rudiments of intercalated sectors. No
blue on segment 7.

Segments 8 and g have blue dorsal markings shaped like a
German helmet with the top spike directed basalwards but not
quite reaching the base on the 8th. Segment 10 has the whole of
the dorsum blue.

Ovipositor of great size and much more conspicuous than in
Indoneura.

Habits. This species haunts the neighbourhood of mountain
streams but, unlike Indoneura, is rarely found on low herbage but
keeps to the shelter of overhanging branches at a height of 8 to 1o
feet from the ground.

The female is described from a single specimen taken at the
same place as the males, near Gudalur, 14'viii'21. It was captured
in copula whilst ovipositing in water trickling over the surface of
a rock.

Genus Protosticta Selys.

In addition to Profosticta gravely: Laid. described in these
Records from Cochin and Kanara, I have to record three new
species from the Nilgiris, all closely allied but differing in mark-
ings and in the case of one species, in morphology.

Two of these were found in company and all have the same
characteristic habits. They are found in the beds of rocky,
mountain streams, where they keep to the cover of the banks or
rocky boulders.

In the dark shadows of the latter they may be detected
sitting with the body and abdomen held horizontally out and
almost invisible save for the chain of tiny white spots on the head,
prothorax and abdomen.

When disturbed they hover continually with the abdomen
held rigidly out in spite of its enormous length and move forward
with a series of short, jerky flights. The females are found in
almost nocturnal darkness, small caverns amongst the rocks being
especially favoured by them for purposes of concealment. They
appear to breed in the patchy morass bordering the streams they
frequent.

Sufficient stress has not been laid on the extraordinary morpho-
logy of these dragonflies. The enormous size of the eyes and the
length of the abdomen are outstanding features and with regard
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to the latter, if compared to the length of the thorax, it is probably
the longest abdomen found in any known dragonﬂy not excepting
Mecistogaster.

Key to the Protosticta from Southern India.
. Abdominal segments 8 and g of nearly equal length;

stigma blood red ... P. sanguinostigma.
Abdominal segment '8 more than twice the length of
segment g ; stigma black 2.
2. Prothorax white marked with a posterlor, dorsal trian-
gular spot . w3
Prothorax entirely blulsh white .. ... P. hearsey:.
3. Abdominal segment 8 entirely black P, gravelyi.

Abdominal segment 8 with the basal third or half bluish
white; the apical third or half black, the dorsal carina
of this segment on its basal half ﬁnely black .. P. stevensi.

Protosticta hearseyi, sp. nov.
(Plate I, figs. 3, 4.)

Two males and 15 females, 26'vi'21, Gudalur, Nilgiris, 4500 ft.

Male. Abdomen 35 mm. Hindwing 21 mm,

Head black, labium ashy white, labrum and genae palest
blue, the former margined finely with black, the two basal joints
of antennae pale blue. Eyes pale blue changing to olivaceous on
the crown and paling beneath.

Prothorax pale blue, unmarked.

Thorax glossy black, almost metallic on the dorsum, pale blue
at the sides. The mid-dorsal carina strongly defined in pale blue.
Laterally a broad, black stripe on the 2nd suture and foreborder
of metepimeron.

Beneath a black spot between the two hind legs and a pair
of elongated spots posteriorly which converge on one another
as they approach the first spot.

Legs bluish white, the two posterior pairs with a linear,
black stripe on the femora.

Wings hyaline, the apices rather elongate; stigma black, its
costal border shorter than the posterior, the inner border oblique;
14 postnodal nervures in the forewing.

Abdomen blackish brown marked with pale blue, this colout
most marked on the end segments. The sides of segments 1 and
2 whitish, as is also a diffuse streak on the mid-dorsum, incomplete
on the apical half of segment 2; pale basal annules on segments
3 to # which broaden laterally and obliquely ; segment 8 turquoise
blue marked narrowly and apically with black ; segments 9 and
10 black, the former having a bluish marking on its side shaped
like a crescent and star,

Relative size of the abdominal segments as for P. gravelyi
Laid.

Anal appendages of subequal length, about as long as the two
last abdominal segments. The superior stout at the base with a
spine on the inner side of smaller size and nearer the base than that
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found in P. gravely?, somewhat bayonet-shaped in profile and chelate
at the apices, one arm however expanded and roughly quadrate
(figs. 3 and 4). Inferior appendages stout at the base, simple,
tapering to a fine point and curving up slightly.

Female. Abdomen 325 mm. Hindwing 22 mm.

Very similar to the male and differing as follows :—

The labrum is more broadly bordered with black; the eyes
are pale olivaceous green changing to pale brown on the crown;
the mid-dorsal carina of the thorax is only obscurely whitish at its
upper part.

The basal annule on segment 7 is much broader and its botder
crenate, segment 8 is brownish black with a lateral, quadrate
spot of white, whilst g is paler brown and marked with a broad,
lateral spot of dirty white connected to a smaller spot subdorsally.
Segment 10 very small, black..

Habits. Found in marshy spots hiding in the shadow of rocks
or amongst scrub at the sides of precipitous ravines. This species
differs from all others by the two sexes being of nearly equal
length, by the male having the mid-dorsal carina of the thorax
strongly marked with white, and by the prothorax being quite
unmarked.

Protosticta sanguinostigma, sp. nov.
(Plate I, figs. 5, 6.)

Two adult males, 2 teneral males, 3'vii'1921 and 23'vii'1921,
Coonoor Rd., roth mile, 1500 ft., Nilgiris.

Male. Abdomen 47 mm. Hindwing 255 mm.

Head. Eyes bottle green, pale greenish blue beneath and
marked uniquely with a broad band of dark blackish brown which
begins above and behind and passes obliquely forward and down-
ward along the sides.

Labrum turquoise blue, narrowly bordered with black : lower
part of epistome blue, the rest of head jet black save for an
obscure, transverse fascia of pale brown at the back of head.
Anterior surface of the two basal joints of antennae pale.

Prothorax black above with an oval spot of blue at each
side in the middle, the sides whitish.

Thorax jet black with a coppery, metallic sheen above, the
sides pale blue marked with a lateral stripe of black on the 2nd
suture which is bordered diffusely behind with brown.

Legs white with a broad, diffuse, pale brown annule near the
dorsal end of the femora which are striped in their length with
black on the extensor surface.

Wings hyaline, the stigma blood red, its costal side much
shorter than the posterior, its inner side much shorter than the
ogtelé, the latter strongly convex ; postnodal nervures to forewing
16-18.

Abdomen very long and slender, black on the dorsum, paler
brown on the sides, marked with pale turquoise blue. Segment
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3 with a very narrow and. obscure basal annule, segments 4 to 7
with broader annules, increasing in breadth from the 4th to the
7th; 8th segment turquoise blue with the apical border more or
less narrowly. bordered with black, this colour being continued
very narrowly along the dorsal carina and tapering gradually
towards the basal end of the segment; segments ¢ and 10 all
black. The relative size of the segments is much the same as in
the former species but 8 is only very slightly longer than 9.

Anal appendages much the same as in the last species but
the spine at the base is more on the outer side and much stouter,
the chelate ends are broader and the broader arm bifid at its
extremity.

Female. Abdomen 390 mm. Hindwing 26 mm.

Very similar to the male but of much stouter build and with
a shorter abdomen.

Head. Eyes deep bottle-green above, paler green beneath,
these two shades of green separated by a thick, equatorial line
of black, Rest of head as for male but the blue on labrum and
lower epistome is of -a deeper shade.

Prothorax blackish above, dirty white at the sides; the
posterior lobe with lateral prolougations shaped as two projecting
points.

Thorax as for male but blue markings of a deeper shade.

Wings hyaline; postnodal nervures to forewing 16, in the
hind 15, stigma a cherry red, arc distal to the 2nd antenodal
nervure.

Abdomen black with white or blue markings as follows:—
1st segment with a blue lateral spot, segment 2 has a bluish
lateral basal marking prolonged along the ventro-latera' border,
segment 3 has the middle two-thirds or three-fifths of its ventro-
lateral border a pale whitish brown, segment 4 has very obscure
basal and ventro-lateral markings, segment 5 has a well-marked
basal white annule, segment 6 obscure basal and ventro-lateral
markings, segment 7 has a broad basal annule bluish in colour,
occupying about one-third of its length, the remaining segments
entirely black.

Habits. Found in similar situations to the last but more
retiring and never coming out into the open. ‘The four specimens
taken were in the deepest jungle clinging to. maiden-hair fern
sprouting from crevices in the rocks The insect is readily distin-
guished from others by its red stigma and by the equality in size
of segments 8 and 9.

Type in my own collection, paratypes in British and Indian
Museums.

Protosticta stevensi, sp. nov.
(Plate I, figs. 1,2,7.)

Five females and a considerable number of males taken on the
Coonoor-Metuppalayam Rd., roth mile, 1500 ft., 3°vii 1921 and
24°vil'IQ21.
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Male. Abdomen 49 mm. Hindwing 22 mm.

This species is very closely related to P. gravely: from which
it differs by the greater length of the abdomen and by the 8th
abdominal segment having its basal third of half pale blue instead
of all black as in P. gravely:s. The dorsal carina of this segment
is narrowly black in its basal half.

Female. Abdomen 37 mm. Hindwing 23 mm.

Differing from P. gravelyi, which it much resembles; by the
difference in the relative lengths of hindwing and abdomen and
the markings of the abdomen: The basal annule on segmént 7
occupies about the basal fourth and there is no basal annule to
segment 8 but a lateral, irregular spot. There is also a large
diffuse white spot on the outer side of the eye which is not present
in P. gravely:.

The ovipositor of this and other species has-a large, promi-
nent, stout, upward-turned spine on its dorsal apical surface.

Habits. Asfor the genus, but bolder and to be seen frequently
flying in mid-stream. Large nunibers of males were secen on the
3rd of July all with their heads facing up stream and travelling
slowly in that direction. A few were seen paired, but the females
as a rule kept to the shelter of the scrub lining the stream, where
apparently the males sought them. By the 23rd of July the num-
bers had greatly diminished and few were seen.

Type in my own collection, paratypes in British and Indian
Museums.

Pseudophaea fraseri Laidlaw.

Rec. Ind. Mus. XIX, p. 23 (1920).

Two females and a large number of males, Gudalur, 4000ft.,
Nilgiri Wynaad, g-'vii‘1921.

Thanks to the kindness of Mr. Laidlaw I have been able to
compare the above specimens taken by myself with a paratype of
P. frasert and 1 find that the differences are so marked as to
constitute a very distinct race if not a new species. For the
present and until I receive Mr Laidlaw’s opinion I propose to
call this race wynaadensis.

The differences are as tabulated :—

P, frasevi. . P [rasers, race wynaadensis.
Length of forewing 35 mm. °  Length of forewing 38 mm.
Greatest breadth 65 mm. . Greatest breadth 7 mm.

Apical third of hindwing : Considerably more than the
opaque, from 85 to 10 mm. ' apical third opaque, from 12 to
long. . 13 mm. long.

Length of abdomen 38 mm. Length of abdomen 43 mm.

In addition to the above the anterior pair of femora are
brownish biack on the flexor surface, bright yellow on the extensor.
The dorsal wedge-shaped line is bright turquoise blue and is so sharp-
ly contrasted with the black background as to give the impression
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that it is phosphorescent and in fact it appears to glow like the
lamp of a glowworm.

The second line on the thorax is ochreous in colour, and the
first 6 segments of the abdomen are blood-red.

Female. Measurements of the two specimens :(—

Abdomen 34 mm. Forewing 35 mm. Hindwing 32 mm.
»» 34’5 mm. ' 36 mm. ) 34 mm,

The wings are slightly enfumed throughout and the apices of
both are tipped with brown, especially the hindwing where this
colour extends in as far as the proximal end of the stigma. For
the rest, the female does not differ from typical P. fraseri except
that the antehumeral lines do not meet anteriorly on the thorax,
but are parallel throughout.

Habits. This insect is found perched on plants and twigs
overhanging the borders of the streams it frequents. Unlike
most if not all other Calopterygines it is frequently seen settled
with the wings outspread and the abdomen raised at an angle
like many Libellulines.

The females are rarely found near water, but penetrate into
the neighbouring jungle where they may be found paired with
the males.

Type male and female in my own collection, paratypes in
British and Indian Museums.

The distribution of this insect and P. dispar is extraordinarily
local. The two never apparently occur together, but may Dle
found on the same stream at different altitudes. At Gudalur
P. dispar is found at an elevation of 4000 to 4500 ft., often in
considerable numbers, whilst two miles further down the valley
at an elevation of 3500 ft., P. fraseri is quite common. On the
opposite side of the Nilgiris P. dispar is met with at elevations
varying from 3500 to 6000 ft. at Coonoor, P. fraseri being entirely
absent.

Phyllomacromia nilgiriensis Fraser.

Female. A single female, 24'vii'1921, near Kalar.

The type is in the British Museum and was takenin June,
1917, by myself at a stream not far above Kalar. I have now
secured another specimen, also a female, taken on the same stream
at about 100 yards from where the type was caught.

The wings of this specimen are enfumed throughout, the
colouration forming a diffuse network corresponding to the nervures.
The saffronation extends out nearly to the trigones; otherwise it
does not differ from the type.

Taken whilst ovipositing in wet sand which formed the floor
of a small, dark cavern amongst rocks bordering a mountain
stream.
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EXPLANATION OF PLATE 1.

1.—Terminal abdominal segments and anal appendages
of Protosticta stevensi, dorsal view.

2.—The same seen from the side.

3.—Terminal abdominal segments and anal appendages
of Protosticta hearseyi, dorsal view.

4.—The same seen from the side.

5.—Terminal abdominal segments and anal appendages
of Protosticta sanguinostigma, dorsal view.

6.—'The same seen from the side.
7.—Head and thorax of Protosticta stevenss.
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OBSERVATIONS ON THE INVERTEBRATE FAUNA
OF THE KUMAON LAKES.

III. THE FRESHWATER MOLLUSCA.

By B. PrasHAD, D.Sc., Assistant Superintendent, Zoological
Survey of India.

The present paper on the Mollusca of the Kumaon Lakes is a
continuation of the two papers published by Dr. N. Annandale
and Dr. S. W Kemp in 1912 on the Invertebrate Fauna of the
Kumaon Lakes. Itis based on a small collection of molluscs made
by Dr. Kemp in 1I9r1, and the large series of specimens obtained
by Mr. S. L. Hora and myself from the various lakes and streams
in August, 1920. The lakes visited were: Naini Tal, Sariya Tal,
Khurpa Tal, Sukha Tal, Bhim Tal, Naukuchia Tal, Sat Tal, Damianti
Tal and Malwa Tal. Collections were also made in the hill-streams
running in the vicinity of these lakes. Notes on the situation,
etc., of most of these will be found in the paper cited already, and
I only include here a few general observations on the physical
conditions of the lakes during August, 1920, with more detailed
notes on the areas not visited by Dr. Kemp in 191I.

The water-level in all the lakes was much higher at the time
of our visit than at that of his, owing to large quantities of water
that had beea brought during the rains from the extensive catch-
ment-areas around each of them; the area of the lakes also was
much larger. The shallower regions of the lakes, which in May,
1911, had been found to harbour rich growths of sponges and
Polyzoa, had five to six feet of water, and sponges and Polyzoa
were practically non-existent. The water in most of the lakes
was clear and held very little mud in suspension.

All the lakes with the exception of Malwa Tal had, along the
margins and up to a depth of about ten feet, thick growths of
aquatic plantssuch as Chara, Potamogeton, Hydrilla and Nelumbium
and large quantities of algae, such as Spirogyra. Sponges and
Polyzoa were in a few cases found growing on the stems and
leaves of these aquatic plants.

The fauna as a whole was very poor. The Peridiniid, which
was found to be very common in 1871% and rather scarce in 1911,
was only found in very small-numbers in Bhim Tal and in still
smaller numbers in Naini Tal. DLeeches were plentiful under

L Rec. Ind. Mus. V1I, p. 129 (1912).
2 Ann. Mag. Nat. Hist. (4) VII, p. 229 (1871).
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stones near the margins and a species of Glossosiphonia was found
parasitic on V bengalensis mandiensis. Dragon-fly larvae, both
Libellulids and Aeschnids, were fairly common, but the number of
aquatic Hemiptera and Coleoptera was very small; in Malwa 7T'al
the Hemiptera were a little more numerous. A special feature of
Bhim Tal was the large numbers of Chironomid larvae which were
living in tubes attached to submerged stones and tree-trunks.
Molluscs of the genera Limnaca, Gyraulus, Segmentina, Hippeutis
and Sphaerium were found in varying numbers in almost all the
lakes, but V bengalensis mandiensis was only found in Naini Tal
and Khurpa Tal. The conditions as to Crustacea were identical
with what was found to be the case by Dr. Kemp in 19II.
Fishes of tbe genera Oreinus, Barilius, Barbus and Ophiocephalus
were common in all the lakes, and a species of the genus Labeo
was also found in Malwa Tal.

SARIYA TAL.

This is a rather small lake, or rather a marsh in the course of
a rapid hill-stream. It is situated at a distance of about three
miles to the west of and at a slightly lower level than Naini Tal.
It is a depression in the course of the hill-stream with about 3 to
8 feet of water; the area is not very large and the current in the
lake is much slower than in the hill-stream. The entire area at
the time of our visit supported a very thick vegetation consisting
mainly of Chara, Potamogeton and large quantities of algae.

No Sponges or Polyzoa were seen. Dragon-fly larvae of
Sympetrum sp.,' all too young to identify specifically, were fairly
abundant. The Molluscan fauna was very poor; only a few
Limnaeae and Planorbids were found after careful search.

Kuurra TaAr.

Khurpa Tal is situated at a distance of about five miles from
Naini Tal at an altitude of 5365 ft. It occupies a nearly circular
depression surrounded on all sides by high hills. The area during
the dry season is rather small, but the lake becomes much more
extensive during the rains.. The lake was stated to be over ten
feet deep near the middle, though near the margins it is quite
shallow. It is not fed by any streams and there is no regular
outflow of water. At the time of our visit there was no real
aquatic vegetation and the water was quite clear.

The fauna, which was very poor, consisted of the same spe-
cies of fish as are found in the other lakes, a few dragon-fly larvae
of the species Anax parthenope Selys, some Limnaeae and large
numbers of V' bengalensis mandiensis along the banks, feeding on
algae growing on stones. No Planorbids were seen.

L1 am indebted to Major F. C. Fraser, 1.M.S., for the identifications of the
dragon-fly larvac.



1922.] B. PRASHAD : Kumaon Lakes. 13

SukHA TAL.

In May, 1911, this area was found to be quite dry, but a few
Cladocera and Ostracoda were reared out of some earth brought
back to Calcutta. In September, 1920, practically the whole of
this area had 2 or 3 feet of water. The vegetation was very
scanty, consisting only of a few stray plants of Potamogeton, but
algae like Hydrodictyon and Spivogyra were very abundant.

A fair number of Cladocera and Ostracoda were collected and
water-bugs were plentiful near the margins. ILarvae of dragon-
flies of the species Anax parthenope Selys, Lestes cyanea Selys and
Orthetruin triangulave Selys were fairly abundant. No Limnaea
was seen, but Planorbids of the genus Gyraulus were common
amongst the algal filaments,

DamMIaNTI TAL.

Situated at about the same level as the Sat Tal, but about a
mile to the east of it,is a spring known as the Damianti Tal.
A small stream, which has been greatly widened and deepened
for irrigation purposes, leads down from the spring to the
valley below. At the time of our visit both the spring and the
mouth of the stream were full of cow-dung with many submerged
grasses growing in them.

The only interesting animals collected here were a few
Limnaeae, a few Gvraulus and some bivalves of the common Indian
species, Sphaerium indicum.

The hill-streams were very uninteresting from the molluscan
point of view. In the upper regions, where they are fairly rapid,
no molluscs were found, but lower down they had a few Mollusca
of the families Melaniidae, Planorbidae and Hydrobiidae. As
these Molluscs were collected outside the limits of the Tal area and
as they belong to common Gaugetic species, I do not propose to
include them in the present paper.

Family LLIMNAEIDAE.
Genus Limnaea I,amarck.

Two species of this genus, L. acuminata and L. luteola, were
collected in the Tal area. The former is the common species and
is represented by a number of forms or phases, while the latter
has a much restricted distribution and was found only once in a
pond on the roadside near Naukuchia Tal.

Limnaea acuminata Lam,

1881. Limnaea acuminata, von Martens, Conch. Mitth. 1, p. 75, pl. xiv.
1921. Limnaea acuminata, Annandale and Prashad, Rec. fnd. Mus.
XXI11, p. 568, pl. vii, figs. 1-3, text-fig. 12.
In the paper cited above Dr. Annandale and I have given
reasons for considering most of the Indian species of the older



T4 Records of the Indian Museu.. [Vor. XXI1V,

authors as being only forms, variations or phases of this highly
plastic species. A few further remarks are necessary in view of
the material now collected from the Tal Lakes.

Iarge series of specimens collected in Naini Tal, Sariya Tal,
Khurpa Tal and Malwa Tal are like the typical L. patula Troschel
figured by von Martens. Some of the shells from Naini Tal are
referrable to the form amygdalum Troschel, while quite a large
series of specimens are intermediate between the two fcrms, In
view of these facts our conclusions as to the desirability of sup-
pressing these names seem to be justified. We were, however, in
doubt as to the form chlamys Benson. With a large series of speci-
mens from a marshy area near Bhim Tal and from Naukuchia Tal,
I believe this to be a well marked phase. Its clongate shape
with a subcylindrical body-whorl, the comparatively short spire,
rather narrow and elongate mouth with a nearly straight outer
lip and the sulcate sculpture are quite characteristic of this phase.

The form referred to as Sowerby’s ventricularius by Annan-
dale! and ventricularius Kuster in the paper cited above was
incliuded on the authority of some Indian Museum specimens iden-
tified by Preston. The three shells, as I now find on comparison
with the large series of shells from Naini Tal, are all young speci-
mens of the form amygdalum Troschel and have nothing to do
with the species L. ventricularius Parreiss, from ‘‘ Ostindien.”’

Limnaea luteola X,am.

1920. Limnaea luteola, Annandale, Ind. Fourn. Med, Res. VIII, p.
109.

This species, as was stated by Annandale in the paper cited
above, is identical with Deshayes’ L. succinea, but as Lamarck’s
name has priority, it should be known as L. luteola. It is not
very abundant in the Gangetic Valley, but is the common species
of Peninsular India. The occurrence of large numbers of speci-
mens in a muddy pool near Naukuchia Tal at an altitude of over
4000 ft. is, therefore, of special interest. In this pool the speci-
mens were found attached to the stems of Pofamogeton and to a
grass which were growing abundantly in the muddy waters of the
pool.

All the specimens are quite typical and are fully grown.

Genus Gyraulus Agassiz.

1919. Gyraulus, Annandale and Prashad, Rec. /nd. Mus. XVIII, p. 52.

1921. Gyraulus. id. ,ib., XXI1I, p 582.
This genus is represented in the Tal Area by three species
G. convexiusculus (Hutton), G barrackporensis (Clessin) and what
appears to be an undescribed species. I do not, however, propose
to describe it till the collection of the Indian Museum Planorbidae,

Uiind, Fourn. Med. Res. V111, p. 110 (1920).
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now with Monsieur L, Germain of the Paris Museum, is returned
to India.

Gyraulus convexiusculus (Hutton).

1921. Gyraulus convexiusculus, Annandale and Prashad, op. cit., p. 582

Large numbers of specimens of this species were collected in
Naini Tal, Sariva Tal and a hill-stream opening into the north-
western corner of Bhim Tal, attached to the stems of Pofamogeton
and entangled in the filaments of algae like Spirogyra.

Gyraulus barrackporensis (Clessin).

1886. Planorbis Barrackporensis, Clessin, Limnaeiden in Mart. Chemn.
Conch. Cab., p: 125, pl. xviii, fig. 7.
1886. Planorbis Huttont, id,, 1b., p. 139, pl. xviii, fig. 4.
1909. Planorbis barrackporensis, Germain, Rec. Ind. Mus. 111, p. 120.
1915. Planorbis (G.) barrackporensis and P. (G.) huttoni, Preston,
Faun. Brit. Ind. Freshw.-Moll. pp. 121, 120.
I agree with Germain in cousidering P. barrackporensis and
P. huttoni as being the same species. The species is known to occur
in such widely separated localities as Barrackpore, Calcutta, Benares
and Tibet. . . .
In the Tal area we collected specimens of this species in

Naukuchia Tal along with those of Hippeutis caenosus (Benson).

Genus Hippeutis Agassiz.

1921. ? Hippeutis, Annandale and Prashad, op. cit., p. 584.

In the paper cited above Dr. Annandale and I recently sug-
gested that Benson’s Planorbis caenosus, which had hitherto been
assigned to the genus or sub-genus Segmentina, agrees with his
other species P. wmbilicalis in shell-characters and is probably
congeneric with it. We further questioned their being included
in the genus Segmentina and suggested that they should probably
be placed in the genus Hippeutis. An examination of the soft
parts and radula of the European H fonfanus confirms this

opinion.
Hippeutis caenosus (Benson).

1850. Planorbis caenosus, Benson, Ann. Mag. Nat. Hist. (2) V, p.
349.

1876. Planorbis caenosus, Hanley and Theobald, Conch. /nd. pp. xviii
and 18, pl. xxxix, figs. 7-9.

1878. Planorbis caenosus, Sowerby, Conch, Icon. XX, pl. x, figs. 78,
a, b.

1878. Planorbis caenosus, Nevill, Hand List Moll. Ind. Mus, 1, p.
246.

1886. Planorbis caenosus, Clessin, op. cit., p. 165, pl. xxiv, fig. 4.

1915. Planorbis (Segmentina) caenosus, Preston, op. cit., p. 127.

1918. Planorbis caenosus, Annandale, Rec. Ind. Mus. X1V, p. 113.

This species has been recorded from Jamalpur, Bengal; Man-
bhum, Orissa; Bhim Tal, United Provinces; and Yawnghwe Pro-
vince, Burma. A fair series of specimens was collected by us in
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Naukuchia Tal. Unfortunately most of them were dead shells and
are not, therefore, available for anatomical study.

Genus Segmentina Fleming.

1921. Segmentina, Annandale and Prashad, op. cit., p. 585.

In the Tal area we found specimens of S. calathus (Benson),
the only Indian species which Dr. Annandale and I were able to
assign definitely to this genus.

Segmentina calathus (Benson).

1821, Segmentina calathus, Annandale and Prashad, op. cit., p. 585.

We found only a few specimens of this widely disttributed
species amongst the algae in Naini Tal. The specimens were found
only near the shores.

Family HYDROBIIDAE.

In spite of careful search no representatives of this family
were discovered by us in the Tal Lakes and I am very doubtful
as to whether any of them are really endemic in the lakes. While
making this rather bold statement I am aware of the record of some
specimens of Tricula montana and Bythinia pulchellafrom Naini Tal
by Nevill in his Hand-List,! but that does not necessarily mean that
the specimens referred to were collected in the lake itself. Ben-
son’s type-series of the former species was collected in a small
stream flowing into Bhim Tal and probably Stoliczka’s specimens
referred to by Nevill were also obtained from some stream around
Naini Tal. The only specimen of B. puichella (also from
Stoliczka’s collection, but not now to be traced in the Indian
Museum) must also have been collected outside the lake, as the
species is not known to inhabit large areas of clear water.

Genus Tricula Benson.

1921.  Tricula, Prashad, Rec. Ind. Muxs. XXI11, p. 67.

I have nothing further to add to my recent account of the
genus and of the species, T montana, of the Tal area,

Genus Digoniostoma Annandale.

1920. Digoniostoma, Annandale, /nd. Fourn. Med. Res. V111, p. 104.
1921.  Digoniostoma, Annandale, Rec. Ind. Mus. XXI1I, p. 4.

The only species which we actually found in the Tal area
was Benson’s Paludina pulchella. 1t has, on shell-characters
alone, been recently assigned to the genus Digonzostoma, but the
radula and soft parts are certainly different from those of D.
cevameopoma, the type-species of the genus. I do not, however,

' Hand-List Moll. Ind. Mus. 11, pp. 35 and 62 (1384).
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discuss the generic position here, as, in view of Robson’s ! recent

remarks, I propose revising all the Indian Hydrobiidae when
more material is available.

Digoniostoma (?) pulchella (Benson).

1836. Faludina pulchella, Benson, Fourn. As. Soc. Bengal V p. 476.

Large series of specimens of this species were collected by
us in a pond along the roadside near Naukuchia Tal at an alti-
tude of over 4000 ft., together with specimens of L. luteola.

Family VIVIPARIDAE.
Genus Vivipara Lam.

In the Tal area this genus is represented by a race of the
common Indo-Gangetic species V bengalensis. Even this race
was found to have a restricted distribution, as specimens were
found only in Naini Tal and Khurpa Tal.

Vivipara bengalensis race mandiensis Kobelt.

1921. Vivipara bengalensis race mandiensis, Annandale, Rec. Ind.

Mus. XX1I, p. 271.

I have nothing to add to Annandale’s detailed account of
this and the allied races, beyond recording the occurrence of this
race at such high altitudes as that of Naini Tal and Khurpa Tal.

Family CYRENIDAE.

Genus Sphaerium Scopoli.

1921. Sphaerium, Prashad, Rec. Ind. Mus. XXII, p. 614.

I have nothing to add to my recent account of this genus and
of the widely distributed Indian species, S. indicum Desh., speci-
mens of which were found by us in Damianti Tal.

I Ann. Mag. Nat: Hist. (9} VIII, pp. 401-413 (1921).






A REVIEW OF THE INDIAN SPECIES OF
AMBLYCEPHALUS.

By Colonel F WaLn, C.M.G., I.M.S.

I have recently had an opportunity of studying all the re-
presentative snakes of the genus Amblycephalus in the Indian
Museum and in the Bombay Natural History Society’s collections.
I propose to add to this'material the information derived from
specimens I have collected myself, and to review the genus so far
as it concerns Indian species. The Indian Museum contains types
of what have been up to date accepted as three distinct species,
viz. modestus (Theobald), macularius (Theobald) and anderson:
(Boulenger), but which, I hope to show, should be regarded as a
single species. It is to be noted that many of the head-shields in
individuals of some of the species are subject to frequent variation
owing to confluence. Further I notice that in many specimens
the details of the periocular lepidosis are difficult to determine in
spirit specimens. The praeocular, subocular, and postocular are
difficult to differentiate owing to creases which simulate sutures,
and it is sometimes impossible to be certain whether merely a crease
is present or a genuine suture.

CHARACTERS OF THE GENUS.

General. Short snakes not exceeding about 610 mm. (2 feet)
in length. Head bluntly rounded anteriorly, separated from the
body by a much constricted neck. Snout short, feebly declivous,
with no canthus rostralis. Nostril piercing about the middle of
an entire shield. Eye large, with brilliant yellow iris, and a verti-
cal pupil. Body strongly compressed. Tail short, about one-
sixth to one-ninth the length of the body.

Lepidosis. Rostral rather broader than deep; the portion
visible above less than the suture between the internasals. Inter-
nasals : a pair; broader than long; the suture between them less
than half the internaso-praefrontal sutures. Praefrontals : a pair ;
the suture between them shorter than the internaso-praefrontal
sutures. Touching the eve (except in carinatus). Frontal longer
than the snout, longer than the supraoculars, shorter than the
parietals. Nasal entire. Loreal: one; touching the internasal ,
touching the eye in some species. Pragocular variable, one
usually present. Absent in some species. Postocular variable;
usually one, sometimes none. Swuboculars variable; one to four.
Temporals variable ; one to three anterior. Supralabials: 7 or 8 ;
the 1st and 2nd touching the nasal, usually none touching the eye,
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the last longer than the two preceding shields. Mental variable ;
sometimes touching the anterior sublinguals, sometimes not. Sub-
linguals : three large pairs, roughly symmetrical, with no groove
between them. Injralabials very small. Costals: in 15 rows in
the whole body-length ; smooth, or some of the median rows feebly
keeled. No apical pits. Vertebrals usually enlarged ; arising by
a gradual development, not a confluence of rows. Ventrals well
developed, broad ; the first the largest of the series. Amnal entire.
Supracaudals in even rows, vertebrals not enlarged. Subcaudals
in pairs,
OSTEOLOGICAL CHARACTERS.

Praemaxilla about as broad as high. Nasals forming an os-
seous suture with the frontals. Frontals contributing to the rim of
the orbit ; not constricted at midorbit. Praefrontal suture extend-
ing beyond the middle of the frontal. Postfrontal nottouching the
frontal. Parietal contributing to the rim of the orbit. Supratem-
poral rudimentary; not projecting beyond the quadrate ante-
riorly. Quadrate well developed ; oblique from above backwards,
Columella auris extending from about the middle of the quadrate
to the exoccipital. Maxilla about half the length of the dentary ;
expanded in depth anteriorly: expanded laterally posteriorly.
Teeth 1 to 6; anododont, syncranterian, scaphiodont. An
edentulous space anteriorly also posteriorly in some species. Ec-
topterygoid well developed ; expanded anteriorly to overlie the
posterior expansion of the maxilla. Palatine short; expanded
laterally anteriorly. Teeth 1 to 3; anododont, kumatodont or
scaphiodont. An edentulous space anteriorly, and in some species
posteriotly. Pierygoid long. Teeth 7 to 20; anododont, scaphio-
dont. Mandible. Angular present. Splenial present. Coronoid
absent. Dentary about twice its distance to the quadrate. Teeth
15 to 23; anododont, scaphiodont. Occipitals. The condyle is
horseshoe-shaped, and formed by processes from the basioccipital
and exoccipitals.

Vertebrae. Neural spines. Absent on the atlas. Well de-
veloped and as long as the body on the axis. Short and obliquely
set bagkwards on the 3rd and 4th vertebrae, nearly as long as the
body in the succeeding corporeal, and the caudal vertebrae.
Hypapophyses. Well developed and vertical on the atlas. Bifid
on the axis, the anterior vertical, the posterior obliquely set back-
wards. Disappearing in the vertebrae in the second-eighth of the
body.! Absent on the first two caudal vertebrae. Two, laterally
placed, on the 3rd and succeeding caudal vertebrae.

Costae. TFirst as long as the second, articulated to the 3rd
vertebra. Last bifid, the outer ramus about one-third as long as
the inner. Pseudocostal processes. Bifid on the 1st, 2nd and 3rd
caudal vertebrae, single on the succeeding vertebrae.

' As I find is the case in over twenty five species of Colubridae where the
hypapophyses are not continued to the last vertebra. This site suggests some
connection with the shoulder girdle of some ancestral form.
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Amblycephalus monticola (Cantor).

A. monticola, Annandale, F.4.S. Beng. 1905, p. 176: Rec. Ind. Mus.
1912, pp- 37, 50 and 54; Boulenger, Cat. 111, 1896, P 443; Sclater,

List. Sn. Ind. Mus. 1891, p. 66 ; Wall, F. Bomb. N. H. S. 1908, p. 354 ;
id., 1bid., 1909, p. 356; 1d,zbzd 1910, p. 843.

Colour. Unlform brown of various shades dorsally, lighter in
the flanks. A series of narrow, blackish, vertical bars laterally,
most distinct in the anterior part of the body, and tending to dis-
appear at mid-body or posteriorly. Belly uniform paler brown to
sordid yellow, with darker spots or dots. Head brown above. A
more or less distinct narrow black bar on the neck, sending
forwards a branch to the supercilium, and often another between
the parietal shields. A-narrow blackish streak from the eye to the
gape.

Length. My largest specimen a female, measured 750 mm.
(2 feet, 5% inches).

Disposstion. A live specimen that I acquired in Assam ap-
parently unscathed proved to be a very quiet inoffensive creature,
that allowed itself to be handled without betrayihg any malice.
In spite of every provocation I could not induce it to assume an
attitude of offence, or bite any object, but it emitted the tongue
in a lazy fashion. Its movements were slow, which is not sur-
prising in a snake that has so strongiy compressed a body.

Food. The diet appears to consist exclusivelv of slugs and
snails. I have on some occasions in Shillong removed one or two
large black slugs from the stomach, which I was informed were a
species of Austenia. Many other specimens contained small snails,
some devoid of shell, others with broken shell attached, and once
one with a perfect shell. I have known as many as five of these
small snails in one .specimen.

Breeding. 1 have examined three gravid females, and found
eggs of such a size and character as to make it fairly certain that
this species is oviparous. As many as six eggs were found in one
example. The smallest specimens I have seen, apparently hatch-
lings, were 168 and 178 mm. (6% and 7 inches) in length, but no
dates of capture were available. The anal glands in both sexes
furnish a custard-like secretion.

The genitalia are different frcm those of any other snake I
have examined. They are slender cylindrical organs, which are
bifurcate about half the length of their maximum extrusion. Each
limb is cylindrical, and from base to apex there is no sign of any
of those cartilaginous processes, which are seen in snakes of the
families Colubridae and Viperidae.

Lepidosis.  Praefrontal touching the eye, Frontal hexa-
gonal in shape. Length much greater than the snout, greater than
its breadth, two-thirds to four-fifths the parietals Swupraoculars
length subequal to, or rather greater than the praefrontals, half to
three-fifths the frontal, two-fifths to half the parietals. Loreal
touching the eye. Praeocular wanting; replaced by the contact
of the loreal with the eye. Postocular one. I have seen this
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confluent with the supraocular on .one side in one specimen.
Suboculars usually two, sometimes three. Temporals two an-
terior, the lower about half the length of the last supralabials
Usually two lying along the parietals. Supralabials 7, sometime.

Texr-r16. 1.—Lepidosis of the Head in

a. Amblycephalus carinatus, Boie.
. moellendorffi (Boettger).

. monticola (Cantor).
andersoni, Boulenger. Type.
. modestus, Boulenger. Type

€. .
f+ A. macularius (Theobald): ~Co-type.

o
NS NN

8 (rarely 6). 1In all my fresh specimens I found none touched the
eye. In spirit specimens, however, it is not unusual to see the 4th,
or the 4th and 5th touching the eye; 7th as long ‘as, or longer
than the 6th and sth taken together. Mental usually touching
the anterior sublinguals, rarely not. Costals in 15 rows in the
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whole body length, obscurely keeled in the median rows of the
posterior part of the body. Vertebral enlarged. Ventrals 181 to
198. Subcaudals 69 to 87. ‘

Eye. Diameter subequal to the supraocular, three-seconds to
four-thirds its distance to the edge of the lip.

Dentition. From three skulls in my collection. Maxillary :
5 to 7; syncranterian, anododont, kumatodont. An edentulous
space. anteriorly..that would take two teeth. Ralatme: 2 or 3;
anododont, isodont. . An edentulous space anteriorly that would
take about two teeth, and another posteriorly that would take
about three. Pterygoid: 11 to 13, anododont, very evenly
scaphiodont. Mandibular: 20 to 24, anododont, very evenly
scaphiodont. .

Distribution. FRastern Himalayas. Sikkim. Assam: Abor
Hills (Ind. Mus.), Naga Hills (Samaguting, Ind Mus.); Khasi
Hills (F W.); Sihsagar (Ind. Mus.); near Jaipur (F W.); Dibru-
garh (& W.).

Note.—I discredit the authenticity of the record from the
Nicobars on the authority of de Roepstorff. The specimen
(No. 8888) in the Indian Museum is indubitably this species. De
Roepstorfi’s name is associated with two other records equally
untrustworthy in my opinion, he being the only authority to record
the Indian Polyodontophis sagittarius, and the Ceylon Oligodon
sublineaius from the Nicobars.

Amblycephalus moellendorffi (Boettger).

A. moellendorffi, Boulenger, Cat. 111, 1896, p. 443 Sclater, List Sn. /nd,
Mus. 1891, p. 67.

Colour. Dirty white or greyish, heavily mottled with very
fine purplish-brown specks on the dorsum. Many small round
whitish spots. outlined with purplish-brown, showing a decided
tendency to form crossbars. A more or less conspicuous whitish
collar. Belly irregularly spotted with blackish laterally. Beneath
the tail densely mottled with fine blackish specks. Head uniform
purplish-brown. Young marked exactly like adults.

Length. 350 mm. (I foot, 1§ inches). The smallest specimen
I have seen was 162 mm. (6% inches) in length.

Habits. 'The many specimens I acquired on Hong Kong Island
were captured in the low scrub jungle on the slopes of the Peak.

Lepidosis. Praefrontal touching the eye. [rontal hexagonai
in shape. Length subequal to or rather greater than the snout,
subequal to its breadth, three-fifths to four-fifths the parietals.
Supraocular shorter than the praefroutal, about half the length
of the frontal, one-third to two-fifths the parietals. Loreal not
touching the eye. Praeocular one. . Postocular usually none
(confluent with the subocular). Swbocular a single crescentic
shield from the supraocular to the praeocular (sometimes not
united with the postocular). Temporals the upper usually as
long as the parietals, sometimes divided into two. The lower
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subequal to the last labial. Swupralabials usually 7 (sometimes 8).
None touching the eye; 7th as long as the three preceding shields.
Mental not touching the anterior sublinguals. Costals in 15 rows
in the whole body length, not keeled. Vertebrals not enlarged.
Ventrals 136 to 159. Subcaudals 31 to 50.

Eye. Diameter subequal to the supraocular, equal to or rather
less than distance to lip.

Distvibution. Burma, Tenasserim (No. 4870, Ind. Mus).
Siam, Cochin China, S. China and coastal Islands.

Amblycephalus macularius (Theobald).

A. macularius, Boulenger, Cat. 111, p. 444, Sclater, List, Su. [nd. Mus.
1891, p. 67; Wall, Rec. Ind. Mus. 1909, p. 149.

A. modestus, Boulenger, Cat. 111, p. 444; Sclater, List. Sn. Ind Mus.
891, p. 66. '

A.]a?zdefso?fi, Boulenger, Cat. 111, p. 444: F. Bomb. N.H.S. XVI, p.
235 ; Wall and Evans, F. Bomb. N.H.S. X111, p. 611 ; Wall, ¥, Bomb.
N.H.S. XVIII, p. 783.

Colour. Dorsally densely mottled with very fine specks of
purplish-brown, with several small round whitish, or parti-coloured
whitish and purplish spots interspersed. Ventrally beautifully
dappled with purplish-black and white, especially laterally. Head
uniform blackish-purple with speckling on the upper lip.

A female specimen sent to me from the Southern Shan States
is very dark, and has no small round white or parti-coloured spots.
Another from the same locality in the Bombay  collection (ven-
trals 161, subcaudals 42) is uniform in colouration like the type
of A. modestus.

Length. The largest I have seen measured 483 mm. (I foot,
7 inches) in length.

Habits. Captain Venning wrote when sending me a specimen
from Kalaw, that it was found at dusk clinging to the tops of
some rank grass.

Food. As far asI am aware no observations have been made.

Breeding. Captain Venning’s specimen, just alluded to, was
a gravid female. It was killed on the gth of June, 1913, and con-
tained six large eggs.

Leptdosis. Praefrontal touching the eye. Frontal hexagonal
in shape. Length mach greater than the snout, three-seconds to
four-thirds its breadth, rather shorter than the parietals. Supra-
oculars three-fourths, to equal to, the praefrontals, half to three-
fifths the frontal, about two-fifths the parietals. Loreal not touch-
ing the eye. Praeocular usually one. (In specimen No. 8024
in the Indian Museum it is confluent with the praefrontal). Post-
ocular usually one. (In the type of modestus it is confluent with
the supraocular on the left side, normal on the right.) Sub-
oculars usually one crescentic shield. (In the type of smodestus,
and in specimens Nos. 8025 and 8026 in the Indian Museum it is
divided into two.) Temporals very variable. Ome or two ante-
riorly. (In the type of modestus the upper appears to be con-
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fluent with the parietal.) There are usually two subequal shields
lying along the parietals, but these may be confluent, as in
the type of andersoni. (In the types of andersom: and modestus
there is one long inferior temporal, apparently due to a confluence
of the two normal shields.) Swupralabials 7 (8 on one side in one
example). None touching the eye. Mental sometimes touching
the anterior sublinguals, sometimes not. Cosfals in 15 rows
in the whole body length. Some of the median rows keeled.
Vertebrals not enlarged. Vemtrals 150 to 169. Subcaudals 37
to 5I.

Eye. Diameter subequal to the length of the supraocular,
subequal to or rather greater than its distance to edge of the lip.

Dentition. From one bad skull in my collection, nearly all
the teeth being broken. Maxillary.: 3 (4? in the type of modestus).
An edentulous space anteriorly that would take three teeth, and
one posteriorly that would take two. Palatine: 1? An edentu-
lous space anteriorly that would take three teeth, and one poste-
riorly that would take two. Plerygoid: 7? left, 9? right, no
edentulous space anteriorly. Mandibular: 23? on the right side,
? left ; no edentulous space anteriorly or posteriorly.

Distribution. FEastern Himalayas : Sikkim (Gopaldhara, Dar-
jeeling District, No. 18665, Ind. Mus., type of A. andersons).
Burma: S. Shan States (Tounggyi, Wall and Evans, and Bombay
collection ; Kalaw, F. W. Mogok, Brit. Mus.); Rangoon (No.
8028, Ind. Mus., type of A. modestus); Tenasserim (Martaban,
Nos. 8024, 8025 and 8026, Ind. Mus., types of A. macularius) ;
Sukli, Dawna Hills (No. 17034, Ind. Mus.) Indo-China (Mocquard,
Rept. ’Indo-Chine, 1907, p 48).

Note.—1 have examined most critically four times during
the Jast sixteen years the monotypes of A. modestus and A ander-
sont, and the three types of 4 macularius in the Indian Museum,
and can come to no other conclusion but that all represent a single
species. A. macularius has page priority over A. modestus, and
both antedate (1868) Boulenger’s A. andersoni (1888).

I have now examined sixteen specimens.

Amblycephalus carinatus Boie.

A. carinaius, Boulenger, Cat. 111, 1896, p. 445; Sclater, List. Sn. Ind.
Mus, 1891, p. 67.

Colour. Dorsally brown of various shades, with numerous
dark small spots arranged with a tendency to form cross bars.
Ventrally yellowish or whitish with darker spots or mottling,
which is often heaviest in the median line. An X-shaped dark
mark on the nape, and a narrow dark streak behind the eye,
sometimes connected with the X. A specimen in the Indian
Museum (No. 8022) from Tenasserim is a uniform drab colour.

Length. The longest I have examined is 603 mm. (1 foot,
I1# inches) long, the tail 120 mm. (4§ inches). The smallest,
apparently a hatchling, was 184 mm. (7} inches).
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Lepidosis.  Praefrontal not touching the eye. Frontal penta-
gonal in shape. Length much greater than the snout, three-
seconds to four-thirds its breadth, subequal to the parietals.
Supraoculars longer than the snout, subequal to the frontal, sub-
equal to the parietals. Loreal not touching the eye. Praeocular
one. Postocular usually one, sometimes absent being confluent
with the subocular; rarely two. Swubocular variable, Some-
times one crescentic shield, sometimes confluent. with the post-
ocular, sometimes divided into three or four. Temporals usually
three anterior, the longest about three-fifths to two-thirds the
last supralabial. Three or four lie along the parietals. Supra-
labials usually 7 or 8 (6 on the right side in specimen No. 8022 in
the Indian Museum, g on the left side in specimen No.. 11434 in the
Indian Museum). None touching the eye. The last longer than
the two preceding taken together. Cosials in 15 rows in the whole
body length ; several of the median rows keeled. Vertebrals not
enlarged. Mental not touching the anterior sublinguals. . Ven-
trals 161 to 199. Swubcaudals 53 to 92. Specimen No. 12781 in
the Indian Museum from the Burma-Siam Hills has gz (ventrals
193). Another, No. 11434 from Deli, Sumatra, has 87 (ventrals
187). :
Eye. Diameter less than the supraocular, subequal to the
length of the snout.

Dentition. From the figure in Boulenger’s Catalogue. Vol.
III, p. 438. Maxillary: 5; anododont, syncranterian, .scaphio-
dont. An edentulous space anteriorly that would take two teeth.
Palatine: 3; anododont, coryphodont. ‘An edentulous. space
anteriorly that would take two teeth. Plerygoid : 15 ; anododont,
scaphiodont. No edentulous space anteriorly. Mandibulay : 18 ;
anododont, strongly scaphiodont.

Distyibution. Burma : Tenasserim (Mergui; Tavoy ; Burma-
Siam Hills; Ind. Mus.). Siam (Malcolm Smith). Cochin China :
Lao Mountains (Brif. Mus.).. Malay Archipelago: Sumatra (Ixd.
Mus.); Java (Brit. Mus).

Note. 1 have examined nine examples in the Indian Museum.

Amblycephalus hamptoni Boulenger.

A. hamptoni, Boulenger; F. Bomb. N.H.S. 1905, p. 236.

Colour. ‘Pale brown above with numerous blackish bars
interrupted on the middle of the back, two black longitudinal
streaks on the back of the head and nape, sides of head and
lower parts yellow; a few black dots on the belly, and under
the tail.”’

Length. 555 mm. (1 foot, 9} inches) ; tail 150 mm. (5% inches).

Lepidosis. Praefrontal touching the eve. Frontal of hexa-
gonal in shape. Length greater than the snout, equal to its
breadth, three-fifths the parietals. Swupraoculars length equals
the praefrontals, three-fifths the frontal; two-fifths the parietals.
Loreal not touching the eye. One on the right side, two (1) on the
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left. Pracocular one. Postocular confluent with the subocular.
Temporals one ; about as long as the last supralabial. Supralabials
8 on the right side, 7 on the left, none touching the eye. Mental
touching the anterior sublinguals. Costals in 15 rows in the whole
body length. Median rows feebly keeled. Vertebrals feebly en-
larged. Ventrals 202 (Boulenger), I count them 197. Subcau-
dals : 96.

Eye. Diameter subequal to the supraocular, greater than its
distance to the edge of the lip. _

Distribution. Buyma: Mogok, S. Shan States (Brit. Mus.).

Note.—Known from a single specimen in the British Museum.






A NEW SNAKE FROM THE NORTHERN FRONTIER
OF ASSAM.

By Colonel ¥. WaLL, C.M.G., [.M.S.

Oligodon melanozonatus, sp. nov.

O. erythvovhachis, Annandale, Rec. Ind. Mus. VIII, 1912, p. 48.

Type, No. 16799 , co-type, No. 16798. Both in the Indian
Museum.

Length 513 mm. (1 foot, 8} inches). Tail 83 mm. (3% inches).

Lepidosis.  Rostral touching six shields, the rostro-nasal
shorter than the rostro-internasal sutures. Portion visible above
three-fifths to three-fourths its distance from the frontal, one-third
to two-fifths the length of the frontal. Inferndasals: a pair. The
suture between them equal to that between the prae: rontal fellows,
about half the internaso-praefrontals. Fronfal: length greater
than the snout, equal to the parietals. Swupraoculars: length about
equal to its distance to mid-internasals, two-thirds the frontal,
three-seconds the temporal ; breadth two-fifths the frontal. Nasal
entire. Loreal absent. Praeocular: one. Postoculars: two.
Temporal i+42. Supralabiais 6.! The 1st and 2nd touching
the nasal, the 2nd the praefrontal, the 3rd and 4th the eye, and the
s5th the temporal. Posterior sublinguals shorter than the anterior
pair, touching the 4th infralabial. Infralabials 4; the 4th
largest, longer and broader than the posterior sublinguals, and
touching two scales behind. Costals two heads-lengths behind
the head 17, midbody 17, two heads-lengths before the vent 15.
Ventrals 171 to 173. Amnal divided. Swubcaudals 42 to 45, divided.

Colour. Dorsally light brown, obscurely mottled with black-
ish. Twenty rather ill-defined black bars cross the hody to end
low in the flanks, and four such bars cross the tail. 1In the smaller
and half-grown specimen these bars are as light centrally as the
dorsal brown, and are edged anteriorly and posteriorly with black
as in albocinctus. A whitish, black-edged sagitta on the nape,
the point directed forwards. Just before this is a black-edged,
light brown sagitta with the point on the middle of the frontal
shield. An obscure, blackish, praefronto-frontal bar, reappearing
below the eye. Belly white with transverse, black, irregularly-
disposed cross-bars, many as broad as the ventral shields. Similar
marks beneath the tail.

I These shields in the larger specimen are as shown m figure & on both sides,
but in the smaller specimen as shown in figure c on the left side only, a 6th Labial
being wedged between the 5th and 7th.
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Locality. Uppet Rotung Valley, Abor Hills, Assam frontier,

at about 2000 feet elevation. -
Note. Dr. Annandale referred these specimens to 0. ery-

throrhachis Wall, but a revision of the species of this genus from

TEXT-FIG. 1.—Oligodon melanogonatus, Sp. nov.
Lepidosis of head: X2.

the material available in the Indian Museum and Bombay collec-
tions, convinces me that they represent a species hitherto not
described. 1In O. erythrorhachis the costals are 15 anteriorly, 13
two heads-lengths before the vent. The ventrals are 154 and
subcaudals 64. The supralabials are 7.
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INTRODUCTION.

Although in recent vears considerable advance has been made
in the study of animal adaptations to different types of euviron-
ment, little-attention seems to have been paid to the wonderful
modifications exhibited by the fauna of mountain torrents. Ex-
cept for a few casual remarks found in descriptions of hill-stream
fishes, no detailed account, so far asI know, has been published
of the subject. Nikolsky' in 1891 published a paper dealing
with the correlation between the shape of the body of fishes and
the strength of the current of streams and Annandale? in two
recent papers, has described some adaptive features in the fauna of
hill-streams. Nikolsky’s paper is unfortunately in Russian and is
not available in Calcutta. From Annandale’s papers I have
received much help. Dr. Annandale has visited a large number of
hill-streams in India and  elsewhere, and was gre'ltly impressed
by the interesting adaptations exhlblted by the various groups

I Nikolsky, Rev. Soc. Nat. S. Petersb., pp. 137-139 (1891). )
2 Annandale, Rec. Ind. Mus. V1II, pp. 29-32 (1912), and tbid., XVI, pp.

113-117 (1919).



32 Records of the Indian Museum. [Vor. XXIV,

of animals inhabiting these streams; it was at his suggestion that
the work here published was undertaken.

Apart from their natural position in the animal kingdom, hill-
stream fishes may be divided bionomically into two primary groups.
The first group comprises those formms that migrate upstream at
certain periods of their lives for spawning, etc.; these may be
called the temporary inhabitants of these streams. Fishes of
this group travel against the current by inuscular effort and do
not show, to any great extent, special modifications for life in
rapid waters. The members of the second group are the perma-
nent residents of the streams and of still smaller torrents and
many exhibit extreme  adaptations. It is with the latter group
that the present paper is concerned.

The greatest handicap in dealing with the subject was the
paucity of material available in the Museum or to be obtained
from the streams. Species of many of the genera dealt with
in this paper were not only poorly represented, but the specimens
often consisted of old and badly preserved individuals quite unfit
for detailed morphological investigation. In the hill-streams, on
the other hand, there may be plenty of fish, but the readiness
with which they seek shelter underneath stones or the swiftness
with which they dart away makes it extremely difficult to obtain a
good series of specimens. Most of the species are, therefore, known
from very few individuals. Through the kindness of the Director,
Zoological Survey of India, I was allowed to make tours in the
Naga Hills, the Manipur Valley, the Khasi Hills, the Kumaon
Hills, the Kharagpur Hills and the Darjiling Himalayas. Good
collections were made at all these places. For histological
investigation the material, wherever practicable, was fixed
either in formol-alcohol or corrosive sublimate ; haematoxylin and
eosin have chiefly been used in stajning sections of the adhesive
apparatus.

The taxonomy of the Indian hill-stream genera has hitherto
been involved in a state of great confusion and this factor greatly
impeded the progress of my work. In a series of papers,’ chiefly
dealing with hill-stream forms, I have tried to elucidate the taxo-
nomy of those genera of which sufficient material was present
in the collection of the Indian Museum, and I have also worked
out completely the collections made by myself in Maniputr? in
order to find out the correct names of the fishes with which this
paper is concerned. Besides these I have published recently a
paper on some rare and new forms kindly sent to us by Mr. G. E.
Shaw from the base of the Darjiling Himalayas. In interpreting
the generic position and specific limits of the various species

assigned by Day to Evethistes and -Psilorhynchus, I have derived
great help from this collection.

I Hora, Rec. Ind. Mus. XXIX, pp. 195-215, pls. X, xi (1919); tbid. XXII
PP- 13-19, 7bid., XXI1I, p. 633, pl. axiv-xxvi (1921)
2 Hora. Rec. Ind. Mus. X: X11, pp. 165-214 (1921).
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The figures illustrating this paper were drawn by me with the
help of a camera lucida.

The tvpes selected for the study of hill-stream adaptations
belong to the two chief orders of Indian freshwater fishes, the
Cyprinoidea and the Siluroidea. The genera on which observations
have been made are the following :-—

Cyprinoidea. Siluroidea.
Balitora Gray. Erethestes Mull. & Trosch.
Rhavania Hora. Glyptosternum ' McClelland.
Psilorhynchus McClelland. Pseudecheneis Blyth,
Parapsilorhynchus Hora. Glyptothorax ' Blyth.

Grarra Ham. Buch. Laguvia* Hora.

All these genera are found only in small mountain torrents,
with the exception of certain species of the genus Garra which
descend into streams of fair size. All show special adaptations to
this environment.

The Schizothoracinae and some of the species of Nemachslus
which live in- rapid-running rivers show similar but less well-
marked adaptations. Some rematks on the nature of the adhesive
apparatus of these forms are also included in this paper.

! 'While recently attempting to revise the species of the genus Exostoma
Blyth, I have found that this generic name canot be employed for the forms to
which it is usually assigned. I propose the following changes in view of the
facts given below : —

Exostoma Blyth = Glyptosternym McClelland.
Glyptosternum McClelland = Glyptothorax Blyth,

McClelland (Calcutta Fourn, Nat. Hist. 11, pp. 584585, and 587-588. 1842)
described five species, Glyptosternon veticulatus, G. sulcatus, G. striatus, G.
pectinopterus and G. labiatus under the new generic designation Glyptosternon.
Blyth (Fourn. As. Soc. Bengal XXIX, pp. 153-155, 1860) split up these five
forms into four distinct genera, Glyptosternon, Psexdecheneis, Glyptothorax and
FExostoma. He regarded G. reticulatus from Atghanistan as the type-species of
McClelland’s Glyptosternon. According to McClelland this species is stated to
be “ without spines; the first ray of the pectoral and ventral fins soft and pinnatc.
giving off soft pointed cartilaginous rays along the anterior margin; which are
enveloped in the membrane of the fin. The unde~ surface and anterior portion
of the body form a flat corrugated surface.” Of the several species of Exostoma
in the collection of the Indian Museum, all except E. berdmorei, possess the outer
ray of the pectoral and the ventral fins similar to that of McClelland's Glyptosternon
reticulatus; thev ought, therefore, to be included in the same genus. Exostoma
berdmorei, Blyth, which is known from a single specimen from Tenasserim, now
in a very bad condition, is the type-species of the genus Exostoma. The pcctoral
spine of this species is totally ditferent from that of the others and corresponds to
those forms which were included by Blyth under his genus Glyptotiiorax. 'The
absence of a ‘‘ pectoral disk,”” which led Blyth to separate the genus Exostoma
from Glyptothorax, is not a valid generic distinction, because the thoracic adhesive
apparatus of almost all the species included in the genus Glyptothorax may bc-
come indistinct in specimens which are old or have been badly preserved.

The generic name Glyptosternon, McClelland was latinised into Glyptoster-
num by Giinther (Cat. Fish. Brit. Mus. V, p. 185, 1864).

2 In a paper published recently (Rec. /nd. Mus., XXII, p. 739, 1921) | have
given reasons for separating Evethistes asperits.(McClelland) (Calcutta Fourn.
Nat. Hist. IV, p. 404, pl. xxiv, fig, 2) along with the two new spccies from the
base of the Darjiling Himalayas from the genus Erethistes and have placed them
all in a new genus Laguwia. This genus is intermediate in certain respects
between Eyethistes and Glyptothorax.
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CONDITIONS AFFECTING FISH IN RAPID WATERS.

The conditions that influence the fauna of hill-streams are the
following :—

(i) The chief factor is the strength of the current, and all
the remaining conditions are due toc it. The adaptations which
are dealt with further on are all due primarily or secondarily to
this one cause. The rate of flow of water varies considerably
according to the season, but throughout the year its average
flow is much, higher than that of any stream in level country.
This rapid flow of water would render life impossible to many
animals if they did not possess special organs of adhesion or other
appliances to counteract its influence. In places like Cherrapuniji
(Khasi Hills), where 458 inches of rain falls in a comparatively
short time, the rate of flow of the water must at times be ex-
tremely rapid, and at such times some even of the most powerful
fish cannot withstand it for more than a few minutes. It is unfor-
tunate that I have not been able to collect any precise data to
compare the rate of flow of water and the fauna inhabiting it.
This is a case in which co-cperation between a zoologist and a
physicist is called for.

(i) Next in importance are two factors on which the verv
existence of the animals depends—food and sheiter. In a hill-
stream there is always a sufficient quantity of {ood, but the only
type usually available consists of algal slime covering stones and
rocks. There is no opportunity for any other type of vegeta-
tion to grow, as it is liable to be uprooted and carried away by the
strength of the current. In pools and ditches that are sometimes
formed on the bank of the streais, there is generally a growth of
water-weeds, but these cannot be referred to as rapid streams.
Certain fishes such as the species of Nemachilus feed on May-fly
and Dragon-fly larvae, but this type of {ood is usually scarce.

As regards shelter, there is plentv of it in a hill-stream for
little fish. The species of Nemachilus, on the slightest provoca-
tion, hide themselves underneath stones. Those who have made
collections in the hiil-streams know how advantageous it is to run
tiie net among small stones and sometimes to pick up stones in
the net, because in this way all those forms which rest underneath
stones are netted.

(iii) Hill-streams are never very deep, and their water is
usually very clear. Consequently during the' day-time the ani-
mals have to. withstand intense iight.

(iv) The water is well aeratéd as it is constantly in motion.

These conditions do not apply to pools that occur in the
course of hill-streams, and the fish-fauna of these pools is very
different from that of the rapid current. It is possible that those
forms which live in rapid waters are sometimes carried into these
pools, but I have never come across any instance in which the
typical sluggish-water forms have been found in rapid waters.
Species of Danio, Lepidocephalichthys, Barbus, Barilius are generally
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met with in the pocls. Of these genera only smaller forms like
Danio rerio are usually iound, for they alone are able to find during
the flood season sufficient she]ter underneath rocks and stones.
The pools are, however, sometimes inhabited by large species of
Barbus and Barilius which are sufficiently powerful to withstand
floods.

MODIFICATIONS FOR LIFE IN HILL-STREAMS.

The modifications for life in hill-streams miay be considered
under the following heading :—
I. The external form of the fish and its size.
The scale-covering, etc.
The paired fins and the skeietal and muscuiar struc-
tures connected therewith.
The caudal fin and its peduncle.
The mouth, its position and shape; the jaws, the
bazbels, the lips and their muscies.
The eyes.
The gill-openings, branchiostegali rays and mem-
branes.
8. The air-bladder.
9. Special modifications of the skin.

I. The external form.—Nikolsky (e). cii.) has dealt with this
subject but as the text of his paper, which I have not seen is in
Russian, I give myv own cbservations in full. The fish with which
this paper is concerned all live on the bottom, and the form is
so modified as to offer the least resistance to the rapid current.
The head and body dre greatly flattened and in Balitora, Glypto-
sternum and in the most specialized hill-stream species of Garra
and Glyptothorax the form is almost leaf-like. The ventral profile
becomes straight and horizontal throughout and the dorsal profile
is but slightly arched. The head is usually smali and semicircular
and the snout is trenchant. The Bornean genus Gastromvyzon is in
shape a typical hill-stream form.

The shape of the body depends upon the strength of the
current and any deviation from the characteristic form of the fish
is directly preportional to the rate of the flow of water. Thus
the form of those fishes that live in places where the intensity
of the flow is intermediate between that of a sluggish stream
and of .a hill-torrent is almost cylindrical, as in Crossochilus latia.
Confining our attention to the members ‘of the genus Garra, one
can find all possible gradations in shape between such forms as
Crossockilus latia and the most specialized hill-stream form such
as Balitora. Garra mullya, cne of the most widely distributed
form:s in the genus, iivee in ponds, tanks and sometimes in rapid
waters. The specimens collected from ponds and tanks are
cylindrical, while those collected from rapid watars are sometinmes
flattened. Great modification in form is exhibited by G. lissorhyn-
chus, G. kempi and G. nasutus, ali of which are known from rapids
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in the Fastern Himalayas. In dealing with the fishes of the
Manipur Valley I have shown how the fauna of 2 stream changes
within verv short limits according to whether the bed is rocky or
muddy. Small size is a distinct advantage in hill streams, firstly
because the streams are small and secondly because small forms can
find more shelter under pieces of rocks and stones during floods.

2. The scale-covering, etc—In those Cyprinid fishes that take to
hill-stream life, the lepidosis undergoes considerable modification.
In the Schizothoracinae the scales are small and partly buried in the
skin or are totally absent except in the anal and scapular regions.
If in a normal Cyprinid genus in which the scales are large and
imbricate, the hill-stream forms be compared with those from
other types of environment, it wili usually be found that the
scales are greatly reduced on the under surface, and in some
cases they disappear altogether. The region of the chest, which
is to some extent employed in the process of adhesion, is the first
to be modified, and then, with the increased rapidity of the flow of
water, more and more of the under surface becomes naked. Intwo
species of Garra, G. abhovai and G. rossicus, the dorsai surface in
front of the dorsal fin is also naked.

The reduction of scales on the lower parts is necessitated
by the fact that a plain and smooth surface is necessary in order
to allow adherence to rocks, I have not been able to understand
why the scales should be reduced on the dorsal surface in Garra
abhoyar and G. rossicus. Both possess a subcylindrical shape
and are not among the most specialized hill-stream forms.

3. The parred fins and the skeletal and muscuiar siructures con-
nected therewith.—The fins are very plastic structures in the anatomy
and they have been employed for various functions by diverse
groups of fishes. The modifications of the pectoral fins in Flying-
fishes, of the first dorsal fin in Sucking-fishes and of the ventral fins
in Gobiidae and Gobiesocidae are a few instances among many.
In hill-stream fishes the paired fins are used as organs of adhesion
or of locomotion and for both these functions powerful muscles
are required. In certain cases they are probably used also for
respiration.

The outer rays of the paired fins are employed for the func-
tion of adhesion and the number of the inner rays is conséquently
increased. In Gastromyzon bormeensis there are as many as 26-28
rays in the pectoral and 20-21 in the ventral fins. In an allied
Indian genus, Balitora, there are 21 rfays in the pectoral and 11
in the ventral fins. The outer rays of these fins are greatly
thickened and much flattened.

Besides an increase in the number of fin-rays of the paired
fins, their position and shape undergoes-considérable change. The
fins, instead of being situated on the under surface of the fish,
are pushed outwards and ultimately are placed horizontally on
the sides of the body. This change is brought about for two
reasons, firstly to allow the ventral surface to be firmly applied
to rocks, and secondly to enable the fins to act as organs of adhe-
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sion. As regards the shape of the fins, some of the inner rays
are directed upwards against the sides of the body, so that when
the outer rays are used for the purpose of adhesion, the inner
rays can be kept constantly in motion, probably for the purpose of
respiration. I have embodied my observations on this point in an
immature specimen of Psilorhynchus in a former paper.! In the
genus Glyptosternum (fig. 8) only a few rays of the paired fins are
visible from the under surface, while the remainder are reflected up-
wards. I have not observed these fishes in nature, but on a recent
tour to the base of the Darjiling Himalayas, I was able to verify
the observation that I had previously made on the immature speci-
mens of Psilorhynchus from the Naga Hills, by keeping a half-
grown specimen of Garra annandaler in ar artificial pond of water
in the course of the Mahanadi River. In Parahomaloptera micro-
stoma ? the shape of the fins is somewhat less modified than is the
case in Glyptosternum.

The greatest specialization as regards fin-structure is found in
Gastromyzon borneensis. ‘The pectorals begin with a long base,
vertically below the eyes: the ventrals possess long curved bases,
which are united posteriorly. Between the bases of the ventral
and the pectoral fins there is a lateral extension of the abdominal
skin. ‘“ By this arrangemeunt the whole flattened abdominal surface,
together with the fins and the flattened lower surface of the head
forms an enormous suctorial disc.” 3

I have already pointed out that the
outer rays or the spines, as the case
may be, of the paired- fins are greatly
flattened. Interesting modifications L
take place in the outer rav of these g
fins in the genus Glyplosternum, ‘¢ soft %
pointed cartilaginous rays’’ are given
off along the anterior margin (fig. 1a)
to support the striated skin which
forms the adhesive apparatus. This
is described in detail below when deal-
ing with the modification of the skin
in the formation of the adhesive appa- b
ratus. '

The pectoral and the pelvic girdles e
are modified in certain hill-stream  Pyxrng 1.—Pectoral spine
fishes, owing to the acquisition of new of Glyptothorax and Glypto-
functions by the paired fins. It is Sternum.
unfortunate that I have not been able . Outer pectoral ray of
to study these structures in Psilorhyn- Gl{f’ ”;‘,’Sf‘e"’,’””“ labiatum.

. } . Pectoral spine of Glypto-

chus, Bhavania, Balitora and Homal- t)4yqx berdmovei.
optera, on account of the paucity of
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U tlora, Rec. Ind. Mus. X1X, p. 212 (1920).
2 Weber and Beaufort, Fishes Indo-Austr. Arch. 111, p, 20, fig. 5 (1910).
8 Weber and Beaufort, ibi/., p. 2 (1916).
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material; but even in those Cyprinid genera of which material
was available in sufficient quantity, I am unable to find any
striking modifications. In Garra, fot instance, the whole structure
is more-or less similar to that found in Labeo, except that the
adductor and abductor systemis of muscles are better developed.
At the same time it must be remembered that the fins do not form
the chief organs of adhesion in this genus.,

In the Siluroids, Glyptothorax and Pseudechencis in which the
chief adhesive organ is situated on the chest, the only modifica-
tions consist in the fusion of the various bony elements for strength-
ening of the girdle. On account of the horizontal position of
the fin, the shape of the girdle is considerably changed (fig. 2).
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TEexT-r16. 2.—Dorsal view of the pectoral girdle in Glyptothorax madraspata-
nus.,

a = interclavicle; 3, 4 = muscles of the pectoral spine.

Great difficulty has been experienced in adopting suitable
terms for the description of the various structures. I have fol-
loyvet.l Parker! in preference to McMurrich® in drawing up my des-
criptions.

Besides the modifications enumerated above, other charac-
teristic specializations are also found in Glyptothorax and Pseude-
cheneis. On the ventral aspect of the interclavicular bones (fig. 3)
there are keel-like ridges (fig. 3b) for the attachment of the muscles.
These ridges are greatly elevated posteriorly and end in spine-like
processes; but they slope down anteriorly and meet each other in

Fhe mid-ventral line close to the union of the clavicles and the
interclavicles.

o1 Parke‘r, A Monograph of the structure and development of the Shoulder
girdle and Sternum in the Vertebrata (1868) |

* McMurrich, Proc. Canadian Int. (n.s.) 11, pp. 301-306 (1884).
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The muscles controlling the movement of the pectoral fin
{figs. 2, 3) in Glyptothorax are also interesting. Besides the abductor
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TexT-F16. 3.—Ventral view of the pectoral girdle in Glyptothorax madraspata-
nus.
a = interclavicle ; b = interclavicular ridge ; ¢ = clavicle ; d = pectoral spine;
e = pectoral finrays ; f = groove for the attachmentof abductor muscles; g=
groove in the cubito-humeral process ; # = abductor muscles; 1, 2 and 4 referto the
muscles of the pectoral spine.

and tbe adductor systems, there are four special muscles to move the
spine. Muscle 1 arises from the anterior grooved and thickened
border of .the clavicle and also from along its posterior border near
the base of the interclavicular ridge against the sides. Its action
is to pull the spine towards the body and fold the rays. Muscle 2
takes its origin from the anterior border of the clavicle, further
forward than muscle 1. Inits course, it passes underneath muscle
1 and its function is that of expanding the fin. Muscle 3 is very
extensive and fan-shaped. It arises along the whole of the surface
of the clavicle and the interclavicle on the dorsal side and in its
course passes’ through a bony canal. Its action is the same as
that of muscle 2. Muscle 4 is very strong and passes through a
passage in the bomne. The muscle takes a curved course and its
action is somewhat like that of a rope passing over a pully. Its
function is that ot folding the fin. Itarises from ‘the grooved and
thickened posterior border of the clavicle.

The actions of the various muscles were studied by moving
the muscles and by watching their effect upon the fin. It is clear
that muscles 1 and 4 are stronger than 2 and 3, because it is in
the action of folding of the fin that the adhesive function of the
outer rays is involved. In those species of Glyplothorax in which
the adhesive apparatus is present on the under surface of the pec-
toral spine, muscle I is the better developed.
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In the genus Glyptosternum, where the fins act as organs of
adhesion, the moidfications in the musculature are more marked
(fig. 4) and the arrangement is different. The muscle labelled 2 in
Glyptothorax correspond to 5 in Glyptosternum ; muscle 4 is the
same in both cases. Muscle I arises close to the mid-ventral suture
of the clavicle and is inserted in the form of a glistening tendon
on the anterior border of the pectoral spine. Its action is to ex-
pand the fin. Muscle 2 arises near the mid-ventral line and is
inserted on the bases of the spine and the first few rays. Its func-
tion is, in all probability, to keep the spine and the few outer rays
closely pressed against the substance on which the fish may be
resting. ‘This muscle is large and is not found in any other genus
that I have studied; it has no other muscles to counteract its
action.

TexT-F1G6. 4—Muscles of the pectoral fin in Glyptosternum labiatum.
Numbers 1, 2, 3, 4and 3 indicate the muscles referred to in the text.

As regards the skeleton of the pectoral girdle in Glyplosternumn,
there are no bony ridges for the insertion of muscles. Otherwise
it is very similar to that of Glyptothorax.

The pelvic fins also possess a special muscle (fig. 5) beside
the abductor and_abductor systems. This keeps the fins closely
pressed against rocks, when the fish is resting, thus enabling it to
adhere to rocks by means of striated skin on the under surface of
some of the outer rays of the pelvic fin.

4. The caudal fin and 1ts peduncle.—There is a general ten-
dency amongst hill-stream fishes to possess a long, narrow, band-
shaped caudal peduncle. For example in Nemachilus tenuss and
N lhasae the caudal peduncle is more narrow and elongated than
in any other species of the genus that I have seen. These
two species resemble the Central Asiatic forms figured by Herzen-
stein' and it is possible that these features are correlated with high

' Herzenstein, Wiss. Res. Przewalski Central. As Reis., Theil 111 (2), pls.
i-vii (1888).
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altitudes and rapid running streams. Similarly in the genus
Glyptothorax, two species, G. striatus and G. saisii, from the Khasi
and the Parasnath Hills
respectively, have a dif-
ferent form of caudal
peduncle from the re-
maining species. It is
long and narrow. In
almost all species of
Homaloptera, Bhavania
and Balitora and in the
most specialized species
of the genus Garra the
caudal peduncle is simi-
larly modified.

As regards the fin,
the chief modification
consists in the inequal-
ity of its lobes. In
most cases the lower
lobe is somewhat long-
er than the upper, as  TexT-F1G. 5.—Muscles of the pelvic fins in
in Balitora bmcez', Bha- Glyptosternum labiatus.

vania australis, Glypto-  The right side of the figure shews the ventral view
thorax  striaius. Glyg)to- and the left side the dorsal view of the pelvie girdle.
3

: add= adductor muscles ; abd = abductor muscles ;
sternum labtatum and s = special muscle.

Garra nasutus. In Gas-
tromyzon borneensis, though the caudal fin is not deeply forked,
the lower portion is longer and stronger than the upper.

I was not able to follow the true significance of these modifica-
tions, because the movements were too rapid for detailed analysis.

1t may be pointed out in this connection that in Elasmobranch
fishes, where the mouth is on the under surface considerably be-
hind the tip of the snout, the lower lobe of the caudal fin is much
shorter than the upper. I hope to make further observations on
this point on another occasion.

5. The mouth, its. position and shape ; the jaws ; the barbels ;
the lups and their muscles.—The mode of life and the nature of food
in mountain-rapids necessitates a change in the position of the
mouth and the structure of the jaws. The mouth, instead of
being a transverse cleft at the anterior end of the fish, is
situated on the under surface considerably behind the tip of the
snout. It is usually crescentic or semicircular in outline. The
jaws are greatly strengthened and their edges become sharp and
cutting. In most cases, Oreinus for example, the jaws are covered
with a strong horny covering. This is due to the fact that hill-
stream fishes have to strip algal slime from stones for their food.

Barbels in rapid-waters would be a source of great encumbrance
and, therefore, they are much reduced. In most of the hill-stream
species they can only be made out after a careful examination.
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In Balitora they are short and stumpy and liable to be overlooked.
In the remaining hill-stream genera discussed in this paper they
are short and thread-like. In Parapsilorhynchus, however, they
are short and cylindrical.

In Nemachilus and the Homalopterid genera the lips are so
modified as to form a sucker with the help of the mouth, and
consequently they exhibit diverse modifications and specializations.
In the genus Nemachilus the lips are divided in the middle and are
greatly swollen, se that when they are pulled outwards away from
the mouth, their divided parts form a continuous ring-like sucker.
In most cases the skin of the swollen region is plicated, but I have
not been able to find any trace of definite spines such as will be
described later in the structure of the adhesive apparatus of other
genera. I have already described in a previous paper! the way
in which, by the action of certain muscles, the lips of Bhavania
annmzdalez are converted into a sucker. In Balitora the thick lips
are cut up into several tentaculate processes and when pulled apart
they form an effective sucker. In most of the species of the genus
Glyptosternum the lips are ‘‘reflected and spread continuously
round the mouth, so as to form a broad flat sucker.”” Similar
modifications occur in certain of the most specialized forms of the
genus Glyptothorax.

6. The eyes.—With the flattening of the form in hill-stream
fishes the eyes are mare and more pushed towards the upper
surface. In forms like Balitora brucei, B. maculata Glyptothorax
saisii, G. striatus., Pseudecheneis sulcatus and in almost all species
of the genus Glyptosternum the eyes are situated on the dorsal
surface and are placed close together. Besides this change in
position, they are much reduced in size. To what cause this re-
duction is due, I do not know; but it is quite probable that the
intensity of the light in the clear shallow waters of the hill-streams
may have something to do with it.

7. The gill-opewings, branchiostegal rays and membranes.—
With the employment of the under surface for the purpose of adhe-
sion to rocks and stones, the gill-openings are generally restricted to
the sides. Except in the genera Glyptothorax and Laguvia, the
gill-openings, in almost all the genera dealt with. in tlns paper,
do not extend beyond the base of the pectoral fin on the under sur-
face. In certainspecies of Garra the openings are somewhat wider,
but even in them they are separated from each other by a con-
siderable distance. The greatest modification as regards this
character has taken place in two species of Glyptosternum. In
these the gill-openings are situated above the base of the pectoral
fin and there is a short narrow passage from the interior of the
gill-chamber to the exterior.

With the restriction of the gill-openings to the sides, it is
natural to suppose that respiration will suffer to some extent.
Moreover, when a fish is feeding on the algal slime, the under

I Hora, Rec. Ind, Mus. XIX, p. 203, pl. x, fig. 2.
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surface of the head and body are firmly and closely applied to
the rock to which it may be clinging at the time, and this also
will make respiration difficult. In all probability the following
factors help hill-stream fishes in respiration :—

(i) The water in the hill-stream is better oxygenated and is
purer than that of a sluggish stream in a flat country.

(ii) By reducing the gill-openings, the fishes are enabled
to retain water in their gill-chambers for a comparatively longer
time.

(iii) The inner rays of the pectoral fins in fishes of rapid
streams are held in constant motion when the fish rests agaiust
a piece of rock. The movements of these rays may help respira-
tion in two ways :—

(2) The blood may be oxygenated in the rays themselves,
or (b) they may force water in and out of the gill-opening.

The following quotation from Mr. Chapin’s notes given by
Nichols and Griscom ! on the mechanism of respiration in Enchi-
lichthys dybowskii (Vaillant) when clinging to rocks is very interest-
ing :—‘* Two examples were brought alive in.a basin where they
stuck fast to the smooth enamel surface. When thus attached,
the water for respiration enters by the back of the mouth, and
the movement of the gills often makes the whole fish quiver or
move slightly back and forth. Natives say they cling to rocks and
eat algae. They can swim rapidly. The mouth is here drawn
as though slightly extended , while sucking, it of course contracts.”
The above observations were made on fishes in a state of captivity
and require confirmation. The sucker by means of which the fish
adheres appears from the figure to surround the mouth completely
and it is probable that the fish uses both lips for adhesion as in the
Indian hill-stream forms. The posterior jaw is in almost all cases
more highly specialized for rasping the algal slime from the rocks
than the anterior jaw and under the circumstances detailed above,
it seems highly improbable that water can enter the gill cavities
from the back of the mouth when the fish is either feeding on
algal slime or clinging to a rock.

With the reduction of the gill-openings and the backward
shifting of the mouth on the under surface considerably behind
the tip of the snout, the branchiostegal rays and membranes are
greatly reduced. Usually these structures on the two sides of a
fish such as Labeo rohita meet and overlap on the under surface,
but in hill-stream fishes, with the exception of those belonging to
the genera Glyptothorax and Laguvia, they form an obtuse angle
on the under surface, if they meet at all.

8. The air-bladder.—The bladder in the hill-stream forms
shows considerable degeneration and in 1893 Bridge and Haddon?®

1 Nichols and Griscom, Bull. Amer. Mus. Nat. Hist. XXXVI1I, p. 720, pl,
Ixxvi, fig. 3 (1917).

* Bridge and Haddon, Trans. Phil. Soc, London, vol. 184, part [ (B), p.
305 (1893).
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attributed the reduction to the following causes, which bear repeti-
tion even to-day. They say:—‘“The causes that have led to the
degeneracy of the air-bladder in 'so many forms are in many in-
stances not difficult to trace, and, as in so many Physoclist
Teleostei, the assumption of a purely ground habit of life is prob-
ably the most important one. Not a few of the genera of
Siluridae abnormales inhabit the comparatively shallow waters of
rapidly flowing mountain streams and torrents often living at a
considerable altitude, and in general habit are not unlike our
common English Loaches. Many are provided with an adhesive
apparatus on the ventral surface of the body between the pectoral
fins for attachment to stones, so that they may be enabled to
withstand the force of mountain torrents. Such fishes when not
in motion by the exercise of their fins probably rest upon, or
attach themselves to, the river bottom, and the utter uselessness
and probable barmfulness of an air-bladder as a hydrostatic organ
under such conditions is no doubt the cause of its degenerate and
rudimentary conditions in such Siluroids as Sisor, Pseudechenets,
Glyptosternum, Euclyptosternum, Exostoma, Amblyceps, etc.” 1
have dealt with this interesting organ at some length in my pre-
vious paper and have shown in the case of the genus Garra that
the reduction in the organ is directly proportional to the strength
of the current of the streams in which the fish live.

In almost all the highly specialized hill-stream forms such as
certain species of Loaches, Homalopterid fishes and the forms
included under the Silurid
genera, Glyptothorax,
leﬁtostcmum and Pseu-
decheneis the bladder is,
divided into two lateral
chambers (fig. 6) which
are more or less connect-
ed with each other by a
short, narrow transverse
tube. Moreover the blad-

TEXT-F1G. 6.—Air-bladder of Glyptothorax der is wholly or partially
madraspatanus. encapsuled by a bony
case in almost all cases.

9. Special modifications of the skin.—Under this heading I
include the diverse forms of modifications exhibited by the skin in
the formation of adhesive organs. The simplest form of special-
ization occurs in Cyprinid fishes,-where the skin covering the under
surface of the few outer rays of the paired fins is greatly thickened
and becomes cushion-like in places. By these cushion-like pads
the fishes are enabled to cling to rocks and hold their own against a
rapid flow of water. In the §1lur1d genera the skin instead of being
plain is thrown into grooves and ridges. Such striated portions of
skin may occur anywhere on the under surface of the fish but are
generally found in the anterior third of the body. I have found
such striated surfaces on the barbels, on the sides of the mouth,
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on the chest between the bases of the pectoral fins and lastly on
the under surface of the pectoral and pelvic spines, and I have been
able to make out a series showing the gradual specialization of the
adhesive apparatus in the Silurid genera.

The genus Erethistes comprises small hill-stream forms in
which the under surface of the hody is smpoth and greatly flat-
tened. In one member of the genus, E. elongata, the structure is,
however, somewhat different. The whole of the chest and the belly
(fig. 7, b) is rugose and shows low, but well-marked striations.
In the forms which I have assigned to my new genus Laguvia, these
corrugations are restricted to the chest and the belly is quite
smooth (fig. 7, a4) This feature is still further marked in the

TexT-r16. 7.—Under surface of head and chest of Laguwvia sp. and
Evethistes elongata.

a. Laguvia sp. b. Erethistes elongata.

members of the genus Glyptothorax, where a definite U-shaped or
V-shaped adhesive apparatus consisting of folds of skin is present
on the chest hetween the bases of the pectoral fins. In certain
species of the last genus from very rapid waters an adhesive ap-
paratus of a similar nature is also present.-on the under surface
of the pectoral and pelvic spines. In Pseudechenets sulcatus the
skin is somewhat differently modified on the chest, but the stria-
tions on the spines of the paired fins are of a similar nature to
those of the preceding genus.

Specialization has proceeded along another direction in the
genus Glyptosternum. Here the skin on the under surface of the
spines (figs. 84 and c) is striated and each ridge is supported by
a short, pointed, cartilaginous ray given off from the outer side
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of the first pectoral and pelvic rays (fig. 1, a). Besides this the
striated region is supported by a definite, highly specialized tissue
(fig. 16, s.t.). The chest is absolutely devoid of any adhesive ap-
paratus. In certain species of the same genus the under surface
of the barbels and the skin neat their bases is striated (fig. 8a).

TEXT-FI1G. 8.—Structure and form of the pectotal fins and the position of the
adhesive apparatus in Glyptosternum labiatum.

a. Under surface of head and chest showing striated skin on pectoral
spines and on maxillary barbels.

b. Pectoral fin showing reflected inner rays.

¢. Under surface of pectoral spine highly magnified.

The disc of Garra (fig. 9a) with its associated -structures
is an efficient type of adhesive organ. The disc consists of a
central callous portion (%) and of free tuberculated lateral and
posterior borders (g)., Its anterior border is formed by the poste-
rior labial fold (f) which in its development has replaced the
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posterior lip. The anterior labial fold () is fringed and tubercu-
lated and helps the fish in adhering to rocks. A rudimentary
form of disc has recently been described by me! in Parapsilo-
rhynchus discophorus.

The disc of Garra works on the suction principle. In the
middle of the under surface of the callous portion, a strong
tendon (fig. 9b, ¢) is inserted and attached to the urohyal (5), so
that when the urohyal is elevated, the callous portion of the disc
is drawn in and thus a cavity is produced which is surrounded by
fringed borders. These fringed and tuberculated borders are pro-
vided with efficient organs of adhesion as will be seen later when
dealing with the minute structure of the adhesive organs.

TexT-F16. 9.—The disc of Garra and its associated structures.

a. Disc as seen from the under surface.
b. Dissection of disc from the dorsal surface to show the mechanism
for suction.

a = anterior labial fold ; 4, 8’ = anterior jaw ; ¢ = mounth opening ; d = poste-
rior jaw; e= connectives; f, /' = posterior labial fold; g, g’ =free tuberculated
border of the disc; /» = callous portion of the disc; i = tendon joining the centre
of the callous portion of disc with urohyal ; j = urohyal ; # = muscle joining the
two sides of the anterior jaw.

THE MINUTE STRUCTURE OF THE ADHESIVE
APPARATUS.

The simplest form of adhesive apparatus is found among
hill-stream fishes of the order Cyprinoidea. It conmsists of the
thickened skin covering the under surface of the few outer rays
of the paired fins. In a transverse section of such a structure
in Bhavania annandalei (fig. 10) the following arrangement may
be seen :-—The epidermis consists of several tiers of cells, varying
in shape and size with their depth and resting on a loose connec-
tive tissue (c.t.), which constitutes the dermis. The outer epider-
mal layer is modified into stiff and strong spine-like processes (s),
which are somewhat curved near their extremities. The inner
limit of these processes is not well-defined and they appear to rest

L Hora, Rec. Ind. Mus. XX11, pp. 13-10, figs. (1921).
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upon a homogeneous layer of protoplasm, they occupy as much
as one-third of the total thickness of the epidermis and their
inner ends are broad. The nuclei of the spines are somewhat oval
in outline and are placed in the proximal half; each is surrounded
by a whitish halo. The pro-
toplasm of the spine and of
the basal homogeneous layer
stains lightly with hema-
toxylin, eosin and borax car-
mine. The deeper tissue
takes up the stain readily.
Below the homogeneous pro-
toplasmic layer, the tissue
consists of several layers of
almost rectangular cells (e.
c.) each with a distinct nu-
cleus in the centre. The
cells diminish in size with
the depth of the tissue and
become more and more ir-
regular in form and arrange-
ment. The interspaces be-
tween them become broader
and. in certain cells two:
nuclei are present. Below
these and immediately

TEXT-F16. 10.—Transverse section through  gbove the basal epidermal

a portion of the adhesive pad on the outer : ;
rays of the pectoral fin in Blhavania annan- layer (b.c.) there is a tier of

dalei. small, more or less regularly

s = spine; e.c. = epithelial cells; b.c. = arranged cells, the nuclei
basal epithelial cell ; c.f. = connective tissue; of which are solid, deeply
¢ = cavities for blood vessels. staining ovoidal bodies. The

basal layer of epidermal
cells is made up of columnar tissue, the nuclei are oval and lie
almost in the middle of the cell, or nearer its upper than its lower
ends. The upper as well as the lower limits of the basal cells are
hardly distinguishable and both these ends stain lightly. The
nuclei appear to be in a state of mitotic division as the chromatin
substance in them is greatly diffused.

'.l‘he connective tissue (c.Z.) below the basal layer of the epi-
dermis is very loose and is richly interspersed with cavities (¢) of
the nature of blood-spaces. The nuclei are greatly elongated
and stain deeply. The cell-limits in this tissue are not marked
and the whole of the tissue is not so deeply stained as the middle
layer of epidermal cells.

In the genus Garra this form of adhesive apparatus is sup-
plemepted by the presence of the characteristic disc behind the
posterior jaw on the under surface. Before dealing with the struc-
ture of the adhesive disc, I propose to give a short account of
that of the integument in this genus.
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In a vertical section of the skin (fig. r1) covering the tip of
the snout, where scales are of course absent, the epithelial region
{ep.d.) is made up of a homogeneous mass of protoplasm with a
large number of nuclei scattered in it. The nuclei are aggregated
either near the base or near the apex of the epithelial region ; some
of them are surrounded by a white zone. Near the upper surface
are present a number of large ampulliform gland-cells (g.c.). The
protoplasm of the gland-cells is restricted to the periphery or to
the base and the nucleus generally occupies the centre of the basal
protoplasm. In the middle of the homogeneous epithelial mass

TEXT-F1G. 11.—Transverse section of the integument of Garra annandalet
from the tip of the snout, x 435.

ep.d. = epidermis; d =dermis; g.c.= gland-cell ; c.c. = clavate cell ; b.9. =
blood vessel. ;

are found big ‘ clavate cells” (c.c.) forming as it were a distinct
row by themselves. Below the epithelium are blood vessels (b.v.)
whose walls stain rather deeply with eosin, Underneath the blood
vessels are a number of big cavities, which probably represent the
adipose tissue. The adipose tissue is said to be present below the
skin of most of the fishes, but its presence in this position between
the epithelial and dermal regions, is interesting. Below the fat-
cells is the connective tissue, which is marked by a large number
of nuclei which are not surrounded by a white zone. The cell-
boundaries in this region are not distinguishable.
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The structure of the mental disc in Garra may be treated
under two headings, (i) the structure of the central callous portion
of the disc and (ii) the structure of its tuberculated borders and
of the fringed tuberculated anterior labial fold (fig. r2). The
structure of the former is very similar to that of the integument

TEXT-FIG. 12.—Structure of tubercles on the disc and the anterior
labial fold of Garra annandale:.

a. Tubercle on anterior labial fold.
b. Tubercle on lateral free borders of the disc.

described above. The following are, however, some salient points
of difference :—

(i) The epithelial cells are better defined and in certain
places the ampulliform gland-cells are more numerous.

(ii) The ““clavate cells” are fewer in number and are situat-

TexT-FI1G. 13.~—Transverse section through a portion of the tuberculated
anterior labial fold of Garra annandale:, x 435.

s = spine; ep.d.=:epidermis; d = dermis.

ed at great intervals. The protoplasm of these cells has receded
inwards from near their upper cell-limits.

(iif) The dermisis chiefly composed of an adipose tissue, which
is bounded both above and below by a thin layer of fibrous con-
nective tissue.
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The structure of the tuberculated region, on the other hand,
is totally different. In a vertical section (fig. 13) of the fringed
portion of the anterior labial fold, the superficial epidermal layer
covering a tubercle is modified into spines (s). It is perhaps
significant that I have not been able to find any nuclei in the
spines; the spines are, otherwise, shorter, thicker and stouter
than those described in Bhavania annandalei. On examining a
large number of sections of this region and of the free tuberculated
borders of the disc, I have observed that the spine is formed as a
prolongation of the outer cell-wall of the superficial epidermal
layer. Below the spinous layer, there are several tiers of polygonal
cells (ep.d.) which are vacuolated. In the basal region the cell-
limits are not well marked and the nuclei stand out prominently
with haematoxylin stain. In some cells the nuclei are surrounded
by a whitish halo. The dermis () consists of a compact connec-
tive tissue, with a large number of nuclei scattered just below the
epidermis. The cell-boundariesin this region are not well-defined.

In the region of the posterior labial fold and also in that of
the free border ol the disc, the tubercles are provided with a
dermal plug. The dermis consists of a large number of branched
irregular cells, forming a primitive type of connective tissue.

The structure of the tuberculated region in Garra differs from
that of the integument and of the central callous portion of the
disc in the following points :—

(i) The gland-cells are absent.

(ii) The ‘‘ clavate cells *’ are absent. .

(iii) The superficial epithelial layer of cells is modified into
spines which do not possess any nuclei.

(iv) The adipose tissue is totally absent, and the dermis,
therefore, presents a compact, solid structure.

In the order Siluroidea the modification of the skin to form an
adhesive apparatus is very different. It is thrown into folds and
ridges, which are characterized by a special structure. Any por-
tion of the skin may thus be modified to serve the purpose of
adhesion. To illustrate the structure of the adhesive apparatus
in Silurid fishes, I will first describe that found in Glypiosternum
labiatum.

The structure of the integument found in this genus may in
the first place be considered. In a vertical section (fig. 14) of the
non-striated skin covering the dorso-lateral surface of the pectoral
spine, the epithelium consists of several layers of small, more or
less flattened and rectangular cells which possess well-marked
cell-walls and relatively large oval nuclei. The cells near the sur-
face are smaller than those immediately below them. Their out-
line varies considerably according to the extent to which they
may be packed together in a particular place. Black pigment (p)
is present at certain places in the tissue. Most of the central
space of the epithelium is occupied by a number of big *‘ clavate
cells ’’ (c), which are distributed at regular intervals and form a
distinct layer of their own. They are fairly well developed and
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sometimes their nuclei may be as big as an ordinary epithelial
cell. The ‘‘clavate cell’ possesses a distinct cell-wall and in
most cases it contains more than one nucleus. The contents of
the ‘“ clavate cell’’ are very different from those of the surround-
ing epithelial cells, as it is only lightly stained with haematoxy-
lin and eosin. The nucleus is surrounded by a whitish area. The
most interesting point is the degree of vacuolation that is generally
met with in these cells. The process of vacuolation sets in from
the outer wall and the protoplasm gradually recedes towards the
inner side. In extreme cases more than half of the cell is emptied
of protoplasm. I have not been able to make out the structure
of the contents of a vacuole. The nucleus is generally vesicular
with a distinct membrane and in those cells, which contain only

TEXT-F1G. 14.—Transverse section through the integument of Glyptosternum
labiatum x 435. '

e.c. = small epithelial cells; p. = pigment; c.= clavate cell: g.c. = gland-
cell; c¢.2. = connective tissue ; b.9. = blood vessel.

one nucleus, its chromatin matter is diffused as if preparing for a
mitotic division. I have not been able to observe distinct nuclear
figures in any of these cells. If more than one nucleus is present
in a cell, the nucleolus can also be readily made out. Ramsay
Wright ! described these cells in the "integument of Amiuris catus.
He observed, ‘ there can hardly be any doubt that the clavate
cells have an important physiological role to play. What that is
remains still obscure.”” I have found these cells in the integument
covering the tip of the snout in Garra and in the position described
above in Glyptosternum labiatum ; but am unable to understand
their exact significance. It may, however, be pointed out that
they are always absent in an adhesive tissue in fishes.

The gland-cells in Glyplosternum are not scattered as has al-

! Ramsay Wright, Proc. Canadian Insi. (n. s.) 11, pp. 254-255 (1884).
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ready been described in the integument of Garra ; but are aggre-
gated to form definite structures. Each one of these structuresis
flask-shaped with the neck almost half as long as its total length.
The mouth of the flask along with the adjoining tissue projects
slightly above the surface of the integument. The body of the
flask is occupied by a number of characteristic cells. The cells are
elongated and are drawn out into long, fine processes which travel
through the neck of the flask and open on the surface of the skin.
The nuclei are very big and occupy almost the whole of the cell.
The cells forming this characteristic structure do not begin at the
same level and thus present an irregular bunch of cells hanging
in the cavity of the flask by means of fine threads. Sometimes
one or wmore epithelial cells make their way inside the flask and
when seen they are usually found in the neck region.

It is after long hesitation that I have assigned to these cells
the function of secretion. The following are the main reasons for
‘holding this view :—

(i) The unicellular glands, usually present in the integument
of fishes, are absent.

(ii) The mouth of the flask projects beyond the surface of the
integument.

(15i) The cells have fine
canals which open on the
surface of the skin.

(iv) The cells are provi-
ded with big nuclei.

Such glandular structures
are found at a comnsiderable
distance from each other,
and I have not been able
to find more than three in
any one section.

In the structure of the
adhesive apparatus (fig. 15)
formed by the striation of
the skin on the under sur-
face of the pectoral and
pelvic spines, a distinct ad-
vance is made upon that
observed in Bhavania and TExT-FI1G. 15.— I'ransverse section through
Garra. The upper layer of the striated skin on the under surface of the
epithelial cells is modified outer ray of the pectoral fin in Glyptosternum
into curved spines (sp.), ‘abiatum, X435 . .
whose inner limits are not S 2 -=spine;n.= nuclear bodl_es; N, =

. non-ccllular region ; ¢.= cavity ; e.c.=
well defined. The spines epithelial cells ; 2. = vacuole ; ¢.t. = connec-
are provided with definite tive tissue.
nuclei, which are situated in °
their lower swollen portions. In the non-cellular region imme-
diately below the spinous layer are a number of deeply staining
bodies forming a definite row. What these bodies are, I have
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not been able to determine definitely. Below the spines is a deep
non-cellular layer (z.c. #.) in which are scattered a number of
spaces (c) having a definite shape. They are almost crescentic in
outline and possess a short spine-like process along their convex
borders. Thelower limit of the non-cellular region is formed by
a regular wavy line. In the curves of this wavy line are situated
a number of characteristic columnar cells. TFach is provided with
a nucleus, a distinct nucleolus and a small well-marked vacuole
(v). Between two neighbouring cells there is generally a small
chink-like cavity. Below these columnar cells, are a number of
small epithelial cells which are irregularly arranged in four to five
tiers. Usually they possess small, solid, deeply staining nuclei, but
in certain cells the nuclei are altogether absent. Beneath the
epithelial tissue is a loose connective tissue (c.£.) forming the
dermis.

In the genus Glyplosternum, the adhesive apparatus is sup-
ported by a definite tissue as has already been remarked. The
supporting tissue (fig.
16) consists of a mass of
polvhedral cells (fig. 1%7)
which are very turgid
and are. closely packed
together. The nuclei of
these cells are fairly
largé and in certain
cases there may be more
than one nucleus in a
cell. The cells vary in
form and size to ‘a
considerable extent and
towards the base they
are so much pressed
together that the cell-
limits become almost
obliterated and the
nuclei become spindle-
shaped. The support-
ing tissue (s.f.c.) is sur-

TEXT-FIG. 16.—Transverse section through the rounded by a loose con-
thickened skin covering the pectoral spine in nective tissue (c.t.c.).

Glyptosternum labiatum, X 42. The structure of the
s.t. = supporting tissue; c¢.». = clavate cell re- h ; i
: : ! . . (&) e a -
glon ; p.= pigment ; s.7, = striated region ; b.v. = thoracic adhesive pp%
blood vessel ; ¢. = clavate cells. ratus of Pseudecheners

sulcatus is  different
from .all the three types described above. The nuclei of the spines
are situated in the non-cellular region and the cell-walls in the
epithelial region are not well defined. In the cells of the first
epithelial layer, immediately below the non-celluiar region, there
are ill defined vacuoles The connective tissue is not so loose and
is richly dotted with a large number of nuclei of various forms.
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Within the genus Glyptotho-
rax, the structure of the adhe-
sive apparatus shows consider-
able variation. In G. dorsalss,
a large number of specimens
of which were collected in the
sluggish and muddy streams
of the Manipur Valley, the
spines are small and the spin-
ous layer as a whole is not well
developed. The epithelium is
composed of several tiers of
small, squarish cells, of these
the uppermost and the basal
layers are highly vacuolated.
The cell-walls are quite distinct

and the basal layer is somewhat columnar.
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section

TEXT-FIG.
through the supporting tissue of the
adhesive apparatus on the fins of Glypto-
stevnum labiatum, X 435.

17.— I'ransverse

c.t.c. = connective tissuc cells; s.t.c.
= supporting tissue cells.

Below the epithe-

lium is a dense sheet of connective tissue, in which are scattered

18.—Transverse
tion through a portion of the thoracic
adhesive apparatus of Glyptothorax
madyasapatanus, X 435.

TEXT-FIG. sec-

s. =spine; n.s. = nucleus of the
spine ; n.c.l. = noncellularlayer; c. =
first row of cavities ; ¢". = second row

of cavities; c.e.= columnar epithe-
lium ; b.c. = basal cells of epithelium ;
c.t, == connective tissue.

kind of structure.

big cavities full of Dblood cor-
puscles. Underneath the con-
nective tissue are fat-cells with
eccentric nuclei. In G. madras-
patanus the structure (fig. 18)
of the adhesive tissue is more
advanced in so far as the cell-
limits are not distinguishable.
Immediately below the non-cellu-
lar region there are two layers
of cavities (c¢’.c”.); the upper is
in the form of elongated spaces
with intervening columns of pro-
toplasm, while the second layer
consists of rounded cavities in
the substance of the protoplasm.
Below this che epithelium con-
sists of a row of columnar
cells which are followed by a
number of small, rounded cells.
In the basal epithelial layer I
have not heen able to find any
nuclear structures. The greatest
specialization in the structure of
the adhesive tissue within the
genus is reached in those forms
that possess an adhesive surface
on the chest as well as on the
under surface of the pectoral and
pelvic spines. I take G. sp. from
Madras as an example of this
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In a vertical section of the striated skin covering the under
surface of the pectoral spine of G.sazsiz (fig. 19, a) the structure
in all essential points corresponds to that of the previous examples.
The spines (s) are hooked and more regular; their nuclei (n.s.) are
situated near the base and each of them is surrounded by a
whitish halo. The nuclei project into the non-cellular region
(n.c.r.). Underneath the non-cellular region there are two rows of
cavities or open spaces. The cavities of the first row (c¢’) are
greatly elongated, they are broader near the upper than near the
lower end. On focussing, a part of the cavity is found to contain
a lightly stained protoplasmic substance. The second row of spaces
(¢”) is similar to the first, but here the lower portion of the cavity is
filled with protoplasm ; the upper margin of each cavityis deeply
stained and in the section there appears an interrupted band.
Then follow large columnar cells (c.e.) which are provided with
big nuclei. The nuclei are oval and possess a well-defined nu-
cleolus, they are surrounded by a whitish halo. Below these
there are several rows of small, rounded epithelial cells, some of
which are devoid of any nuclear substance. The basal layer (b.c.)
is represented by finger-like processes of protoplasm which do not
possess any nuclei. It may be pointed out for the sake of clear
understanding that the whole of the structure is one continuous
mass and that the cell-boundaries are nowhere marked but
in drawing up the description it has been convenient to treat
the structure as if it were composed of a number of distinct
layers.

It is interesting to note the changes in the structure as we
pass from the ridge to the grooved portion of the striated skin.
Attention may be drawn to the following points of difference in
the grooved area (fig. 19b) :-—

(1) The spines become smaller and smaller till they are repre-
sented by small knob-like projections on the surface. In the
middle of the groove the surface becomes entirely smooth.

(ii) The nuclei of the spines recede inwards and ultimately
form a continuous layer just below the surface of the skin.

(ii1) The first layer of cavities is represented by small, oval
or rounded spaces in the grooved region. In some cases this layer
may be totally absent,

(iv) The second row of spaces is represented by small cavi-
ties ; they are provided with a deeply staining upper margin.

The structure, on the whole, appears as a mass of proto-
plasm in which the nuclei are scattered either near the base or near
the apex and a few cavities are present in the middle, The basal
epithelium is represented by finger-like processes as described
above.

In a horizontal section (fig. 19c¢) the structure of the adhe-
sive tissue does not differ greatly from that seen in a vertical sec-
tion. The chief difference liesin the form and extent of the various
elements noted above. The non-cellular region is separated from
the underlying tissue by a regular wavy line of demarcation. The
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TEXT-FIG. 1y.—Minute structure of the adhesive apparatus on the under surface
of the pectoral spine of Glyptothorax sp.

a, Transverse section through a portion of the ridge, x 650.
b. Transverse section through a portion of the groove, x 650.
¢. Horizontal section through a portion of the ridge, x 650.

s ==spine; n.s. = nucleus of the spine; n.c.r. = non-cellular region; ¢.=
first row of cavities; ¢” =second row of cavities; c.e. = columnar epithclium
c.e. = small, rounded epithelial cells; b.e. = basal epithelial cells.
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cavities are comnsiderably smaller and do not show any proto-
plasmic elements within their limits. The so-called columnar
epithelium is not well-marked. The underlying structure corre-
sponds to that described for the vertical section.

Having described the structure met with in the different forms
selected above, it will be advantageous to consider the lines along
which evolution has taken place from the simplest to the most
complicated structure. -In the simplest type of adhesive appa-
ratus the skin is thickened and its outer epithelial layer of cells is
modified into curved spines; the gland cells and the ‘¢ clavate
cells’’> of normal skin-tissue totally disappear. Specialization
proceeds along two lines, firstly there is an increasing tendency at
every step towards vacuolation of the superficial epithelial cells
and this ultimately results in the formation of definite cavities,
and secondly the cell-walls of epidermal cells become indistin-
guishable. The final stage is reached in Glypfothorax sp. where
the whole of the epidermal tissue appears as a syncytium. The
adhesive apparatus of the Silurid fishes is distinguished from that
of the Cyprinid forms by the fact that in the former the skin is
thickened and striated, whereas in the latter it is only thickened
and forms a plain cushion-like pad. I have not been able to
understand the true significance of increased vacuolation or of the
syncytium formation in the tissue of the adhesive apparatus.

There is, however, no doubt as to the function of the epidermal
spines. All of them are curved in the same direction and probably
they point posteriorly. As the fish sticks to a stone with the head
pointed up stream, and the current of water tends to move it
backwards, the splnes when closely applied to a stone, fix it
securely by taking hold of the unevennesses of the rock. In
Silurid fishes the ridges are pulled outwards and a sort of vacuum
is produced in the grooves which helps the fishes in adhering to
rocks.

So far as I know, the type of structure described above is not
met with in tissues of adhesion in any other group of animals.
Dahlgren and Kepner,! who have given a summary of the subject,
have not anywhere referred to a spinous structure. Even in a
longitudinal vertical section through a small region of the grasp-
ing organ on the head of Remora, the characteristic structure
that I have described above apparently is not found.

CONCLUSION.

In conclusion I wish to refer briefly to the origin of the hill-
stream fauna and to the means of dispersal and propagation
adopted by it. In the following discussion I take up these points
one by one.

Origin of the Hill-stream Fauna.—There are two possibilities,
firstly, that the forms now living in the mountain—rapids were once

( i)l)ahloren and chner Principals of Anzmal sttology, pPp. 409—j17
190
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accidentally carried into them, and secondly that there has been
a step by step colonisation of the hill-torrents from the sluggish-
streams that flow in level country. As regards the first possibility
it may safely be inferred that forms which have not previously
acquired adaptive characters, cannot live in rapid waters because
at every move they are liable to be swept away down stream.
The secoiid view is more probable and the following are some of
the main points in its favour :—

(r) As a hill-stream changes into a siuggish stream in almost
level- country its fauna changes accordingly and intermediate
forms, like Crossochilus latia, hetween the typical hill-stream fishes
and the fishes of the slow streams are always met with in the
intermediate regions where the water is neither flowing very fast
nor very slowly.

(2) The very fact that the members of certain genera such as
Glyptothorax and Garra can be arranged in a series according to
the degree of modification they exhibit in response to the strength
of the current of stream, shows that there has been a gradual
colonisation of rapid streams.

(3) The hill-stream fishes in the course of their development
pass through many different stages which clearly show, at any
rate in the case of Garra, that the evolution of such forms is from
those that live in sluggish streams. Not only is this shown by
the form of the body but also in the modifications of such organs
as the air-bladder, the position and form of the mouth and the
eyes, and in the reduction of the branchiostegal membrane and
rays. In short, the developmental series of Garra as given in a
previous paper recapitulates the history of the evolution of the
genus.

Having subscribed to the view that the hill-stream fauna has
originated by the process of gradual colonisation from the slow
streams, it will not be out of place to discuss the causes that might
have led to the migration of these forms. There are two chief
factors which might compel such a migration:—food and safety.
In the hill streams there is always plenty of food in the form of
algal slime on the exposed surface of rocks, but only those
animals can make use of it which have their jaws specially
adapted for rasping it off the stones on which it grows. As
regards safety, it may be said that there is very little competition
in the hill-streams among the fishes themselves. Moreover, they
are practically safe from the ravages wrought by birds and large
predaceous fishes, crocodiles, etc. Certain fishes like Nemachilus
can find shelter underneath stones and the readiness with which
they hide themselves is marvellous. Probably the fishes inhabit-
ing slow-running waters originally ascended the hill-streams step
by step in search of food and gradually acquired certain char-
acters which made them speciallv suitable for living in the newly
chosen environment.

L Hora, Rec. [ud. Mus. XXI1I, p, 639 (1921).
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Annandale,! when discussing the evolution of the adhesive
apparatus in hill-stream fishes, made the following remark
about the genus Garra :— Whereas the chief factor in the case of
Psilovhynchus was rapid-running water in a rocky stream-bed, in
Discognathus the primary factor was a peculiar mode of feeding.”’
Quite recently I* also subscribed to this view, but a more detailed
study of the adhesive apparatus has led me to modify my previous
ideas. I believe that the mental disc of Garra has not primarily
been evolved for the ‘‘ peculiar mode of feeding,’’ whichis practi-
cally similar in all the genera of hill-stream fishes, but for securing
adhesion to rocks in rapid running waters. The adhesive appar-
atus on the under surface of the paired finsis an additional organ
of adhesion in species that live in very rapid waters. In certain
highly evolved species of Garra, which have secondarily taken to live
in lakes and pools, the peculiar pad-like structure on the under
surface of the paired fins have disppeared though the charac-
teristic mental disc is still present, as it is probably of use to the
fish in its “ peculiar ‘mode of feeding ’’ which was acquired as a
direct response to a life in hill-streams.

I am, therefore, led to conclude that none of the hill-stream
forms are ancestral forms, but that all of them are descended
from migrants from the slow-running streams. The modifications
that some of these forms exhibit are due to the physical condi-
tions prevailing in mountain-rapids, and it is to this cause that
we must ascribe the similarity in form and structure exhibited by
the more advanced members of the genera dealt with in this
paper.

Means of dispersal.—When dealing with the fish of Manipur
it was pointed out by me that most of the new species from the
hill-streams had a localised distribution. This is the case with
almost all the hill-stream fishes and naturally it is difficult to
imagine a wide range of distribution of these forms. The most
highly modified forms are not capable of living for a long time
in muddy channels, on account of the form of their bodies and
the structure of their jaws. In cases where a very wide range
has been attributed to a hill-stream species, it has always been
found on comparison of material from different localities that
several allied. forms had been grouped together under the same
name and that most of them are capable of specific separa-
tion. For example Glyptosternum labiatum which was described
from the Mishmi Hills in Upper Assam, was recorded by Vinci-
guerra® from the Kachin Hills, Upper Burma. Regan* in 1905
separated the Burmese specimens from those collected in the
Mishmi Hills under the new name G. vinciguerrae. A remarkably
wide range of distribiition was attributed to Garra lamia, but as

Annandale, Rec. /nd. Mus. XIV p. 117 (1919).

Hora, Rec. Ind. M s. XIX, p. 213 (1920).

Vinciguerra, Ann. Mus. Civ. Stor. Nat. Genova, (2), IX, p. 252 (1889).
Regan, Aun. Mag. Nat. Hist. (7) XV p. 184 (1905).
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has been shown elsewhere,! the forms from wvarious localities are
not specifically identical.

Methods of propagation.—All the hill-stream fishes with which
I am acquainted are oviparous. The rapid current in these
streams makes it impossible for them to lay their eggs loose in the
rocky beds, as they are liable to be carried down stream and
destroyed. In my tours to the hill-streams I have always found
that the pools in the courses of these streams were full of young
specimens of the genera Nemachilus and Bariizus and of a few
other small fish that are usually found in pools. In no case was
I able to find young of Garra or of any other highly modified
hill-stream forms. Dr. Annandale and Major Sewell, however,
found Garra and Pstlorhynchus in pools of hill-torrents in the
Western Ghats. There appear to be two possibilities, (i) that the
hill-stream fishes migrate to slow running waters to lay their eggs
and that every generation has later on to ascend up-stream to its
natural habitat or, (ii) that the eggs are tightly fixed to stones.
I am unable to say at present which hypothesis can be accepted
as correct.

I Hora, Rec. Ind. Mus. XXII, pp. 633-687 (1921).
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NOTES ON FISHES IN THE INDIAN MUSEUM.

III. ON FISHES BELONGING TO THE FAMILY COBITIDAE FROM
HIGH ALTITUDES IN CENTRAI ASIA.

By SUNDER LaL HOra, M.Sc., Assistant Superintendent,
Zoological Survey of India.

The Cobitid fishes' from the high altitudes of Central Asia are
generally characterized by the absence of a suborbital spine,
by the elongate form of their body, especially of the caudal
peduncle, and by the total absence of any scales. The belly is
generally rounded and not depressed. The Indian Muséum possesses
a large number of specimens of this family from Tibet, Northern
Kashmir, Western Turkestan and Seistan. When dealing with the
fish of Seistan it was pointed out by Annandale and myself? that
among those specimens which have been referred by several ich-
thyologists to Nemachilus stoliczkae Steind. there were several
forms capable of specific separation. In this note an attempt is
made to elucidate these points and to discuss the specific validity
of the various species represented in our collection.

Here are also incorporated the results of an examination of
the loaches recently collected in Kashmir by officers of the Zoolog-
ical Survey of India.

At the end I have added a short note on the sexual dimorphism
exhibited by some of these species.

The Central Asiatic forms belonging to the family Cobitidae
dealt with in this note may be grouped into three distinct genera,
which can be distinguished in the following manner:—

A. ‘Two bladders; one lying free in abdominal cavity

and second divided into two latcral chambers

enclosed in bone . Diplophysa.
B. One bladder, consisting of two lateral chambers

enclosed in bone.

I. Soft dorsal fin between spmy dorsal and caudal

fins present ... dAdiposia,
I1. Soft dorsal fin absent . ... Nemachilus.

Genus Diplophysa Kessler,

1874. Diplophysa, Kessler, Bull. Soc. Sci. Moscou X1, pp. 1-63.
1888. Lefua, Herzenstein, Wiss. Res. Presewalski Central Asia, Rers.,
Zooi. Il (2), p. 91,

Unfortunately the paper in which Kessler proposed the generic

L A large number of specimens of the Cobitid genus Botia. which possesses
spines below the eye, have recently been collected in Kashmir. The genus extends
to China as well, but I have not dcalt with it here.

Annandalc and Hora, Rec. Ind. Mus. XVIL1, p. 179 (1920).
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name Diplophysa, is not available in Calcutta, so I take from Day '
the characters on which this genus was erected. The genus Diplo-
physa comprises those fishes in which the body is greatly elongated
and strongly compressed posteriorly ; the eyes are surrounded with
a fold of skin forming a lid ; the lips are fleshy, the upper more or
less denticulated, the inferior bilobed and more or less papillated
and the air-vessel is divided into two parts, the anterior enclosed
in a bony capsule and the posterior elongated and free in the
abdominal cavity. I agree with Day (0p. c#t.) that the first three
characters do not possess any generic value, but the last feature,
that of the air-vessel, is quite sufficient to distinguish the genus
Diplophysa from Nemachilus, to which it is closely allied. Day
did not dispute the validity of the last character but suggested a
re-examination of the Western Turkestan specimens and remarked
that, ‘it would be very remarkable were the Nemacheili found in
Europe, in fact throughout Asia, even in the Oxus, to have their
air-vessel enclosed in bone, whereas in the river Ili going to Lake
Balkash, and the river Urdjar falling into Lake Ala (Ala-Kul), to
have the same organ partially free in the abdomen, as is seen in
the genus Botia.”” Day did not think himself justified in recognis-
ing Diplophysa as a distinct genus from Nemachilus even on the
character of the air-bladder, which is so remarkable.

Kessler ? in 1879, when dealing with the Central Asiatic fishes,
upheld his genus Diplophysa and described two new species under
this generic designation. In reviewing Day’s criticism of the
genus he pointed out that in all probability Dr. Stoliczka’s collec-
tion was made in the area south west of the Tarim river-system,
while Przewalski’s collection, which contained several representa-
tives of the genus, was made;much further to the east. Moreover
he considered the air-bladder to be as important for taxonomic
purposces as the pharyngeal teeth, on which the two families
Cobitidae and Cyprinidae are distinguished.

Herzenstein ® in his valuable monograph of Central Asiatic
fishes agreed with Day and considered Diplophysa synonymous with
Nemachilus. But at the same time he instituted a new genus
Lefua to accommodate Diplophysa costaia Kessler and Octonema
pleskei Herz. He characterized the genus Lefua as follows:—
“ Caput valde depressum. Os fere terminale. Spina suborbitalis
nulla. Nares anteriores cirro sat longo instructae. Cirri rostrales
4, supra-maxillares 2. Vesicae natatoriae pars posterior in cavitate
abdominali libere suspensa.”” No notice seems to have been taken
of this genus till 1907 when Berg 4 recognised it and considered the
Japanese genus Elxss Jordan and Fowler® as a synonym of

L Day, Proc. Zool. Soc. London, p. 793 (1876); Sci. Res. 2ud. Yavkand
Mission, Ichthyol., p. 12 (1878).

2 Kessler, Bull. Acad. Sci. St. Pétersbourg XXV, p. 02 (1879).

88’:3)Herzenstein, Wiss. Res. Prsewalski Central As. Reis., Zool. 111 (2), p. 1
(1 . '

% Berg, Proc. U.S. Nat. Mus. XXXII, p. 437 (1907).
® Jordan and Fowler, Proc U.S. Nat. Mus. XXVI, p. 768 (1903).
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Lefua, the definition of which he modified as follows :—‘ Cirri 8§,
four rostral, two maxillary and two at the anterior nostrils.
Scales present. No erectile spine below the eye. Dorsal fin about
over the ventral, with few rays; caudal rounded. Air-bladder
with a posterior part free in the abdominal cavity.”” The genus
Elixis was established to comprise those species of Nemachilus
which possessed a pair of nasal barbels in addition to six others
that surround the mouth. In E. nikkonss, the genotype of the
genus, and in E. coreanus subsequently described by Jordan and
Starks! no mention is made as to the nature of the air-bladder in
them. I have examined some Indian species of the genus Nenma-
chilus, such as N evezardi Day? which possess a pair of well-
developed nasal barbels but have not found in them a free
bladder in the abdominal cavity. It is quite probable that the
Japanese species with eight barbels may not possess a free bladder
as is said to be present in the Chinese species with eight barbels
assigned to the genus Lefua by Herzenstein. I am led, therefore,
to believe that Berg united the two genera merely on the consi-
deration of the nasal barbels and paid little attention to the
character of the air-bladder. He, moreover, considered Nemachi-
lus dixoni Fowler® Elixis coreanus Jordan and Starks and the
two forms included by Herzenstein under his genus Lefua as
representing only one species, having examined a large number of
specimens from wideiy different localities in China and Korea. I
doubt the validity of this statement and suggest a rc-examination
of these specimens. There seems to me nothing at present in the
definition of Lefua and Flixis, except the presence of nasal barbels,
which could justify their separation from Diplophysa and Nemachi-
lus respectively, but Annandale and I (0p. cit., p. 185) have already
pointed out that we do not consider it a character of generic value.
I conclude, therefore, that Lefua is a synonym of Diplophysa and
Elixts of Nemachilus.

Quite recently Weber and Beaufort* have recognised the
genus Elixis and have referred Nemachilus obesus Vaill} to it only
on the character of the nasal barbels.

In a recent contribution to the ichthyology of Central Asia,
Zugmayer ® has recognised the genus Diplophysa as distinct from
Nemachilus, though closely allied to it. The chief distinction
between the two genera lies in the fact that according to Zug-
mayer a part of the air-vessel lies free in tlie abdominal cavity
in Diplophysa, whereas in Nemachilus it is wholly enclosed in a
bony capsule. Having examined the air-bladder in Diplophysa
papilloso-labiata Kessler, Zugmayer states that the two parts are
distinct {from each other.

I Jordan and Starks, Proc. U.S. Nat. Mus. XXV1II, p. 201, fig. 7 (1903).

2 Day, Fish. India 11, p. 613, pl. cliii, hg. 11 11878).

> Fowler, Proc. Acad. Nat. Sci. Philadelphia, p. 181 (1899, 1900).

+ Weber and Beaufort, Fishes Indo-Austral. Archipel. 111, p. 35, hg, 16
(1916).

b Vaillant, Notes Leyden Mus. XXV, p. 134 (1902j.

5 Zugmayer, Zool. Falirb. Syst. XXIX, p. 294 (1910).
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I have myself examined specimens of the same species in our
collection and agree with Zugmayer’s statement, Both Kessler
and Zugmayer believe that there is only one bladder in Dip-
lophysa and that the anterior part is enclosed in bone while the
posterior lies free in the abdominal cavity. Zugmayer found the
two bladders to be quite distinct from each other but regarded
them as parts of the same bladder. On examining the bladder in
young specimens of a new species from Eastern Tibet (Rham-tso)
I find that the two bladders are totally distinct from each other
and that they are not the two parts of a single structure. The
posterior bladder, that lies free in the abdominal cavity, is con-
nected with the oesophagus by a short pneumatic duct given off
from its anterior end. This duct is only distinct in young speci-
mens and atrophies in the adult. In order to undeistand the
true significance of the posterior bladder and its relation to the
anterior, it is necessary to examine the various types of bladder
commonly met with among the different genera of Cyprinoi-
dea.

The swim-bladder of a typical Cyprinid fish such as Labeo
rohita is large and lies free in the abdominal cavity. It is con-
stricted in the middle to form an anterior and a posterior chamber
(fig. 1a). The pneumatic duct from the oesophagus opens into the
constricted region. In those genera that live in rapid running
waters the bladder undergoes considerable degeneration; this
consists firstly in the gradual reduction of the two chambers and
the ultimate disappearance of the posterior, and secondly, in the
thickening of their walls. In extreme cases the bladder becomes
completely enclosed in a bony capsule derived from the transverse
processes of the adjacent vertebrae.

In the genus Psilorhynchus the posterior chamber is greatly
reduced and the anterior is covered by a thick fibrous coat (figs. 1,
1¢). In Nemachilus vittatus from the Kashmir Valley the anterior
chamber is laterally flattened and covered by a bony capsule while
the posterior chamber is small and thick walled (fig. 1f). The
pneumatic duct still opens into the constricted region between the
two chambers. In other species of this genus the anterior part is
divided into two lateral chambers which are enclosed in a bony
capsule and all remains of the posterior chamber are wanting.
In Adiposia rhadinaea there is still a short bulb-like structure re-
presenting the posterior chamber (fig. 1g) otherwise it is very
similar to that found in most species of Nemachilus. In extreme
cases such as Balitora brucei the two lateral halves of the anterior
chamber are much reduced and are somewhat separated from
each other (fig. 14).

Among the members of the genus Diplophysa the anterior
bladder. (fig. 17), which is enclosed in a bony capsule, is in all
probability similar to that found in the genus Nemachilus and,
thus, it may represent the primary or the true original bladder of
the fish. The posterior bladder, that lies free in the abdominal
cavity, is a secondary structure and in its origin and position is
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TexTer1G. 1.—Types of air-bladder found in Cyprinoid fishes.

a, Labeo vohita. b, ¢, Psilorhiynchus balitora.
d, Botia hymenophysa. e, Botia almovhae.

J. Nemachilus vittatus. &g, Adiposia vhadinaea.

I, Balitora bruce:. 7, Diploplysa stewart:.

The dotted line in the figure indicates that the portion thus outlined is enclosed
in bone,
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quite different from the normal Cyprinoid bladder. The following
are the chief points of difference:—

(i) There is a short pneumatic duct from the anterior end of
the bladder to the oesophagus, while in the normal Cyprinoid type
the pneumatic duct is long and opens into the middle of the
bladder in the constricted region.

(ii) The bladder may or may not be constricted in the middle.

(iii) The pneumatic duct is present only in young specimens,
while it is lost in the adult.

In the genus Botia, the structure of the air-bladder differs
considerably. Though in many respects of a typical Cyprinoid
form, the anterior chamber is partially (fig. 1d) or wholly (fig.
Ie) enclosed in a bony capsule formed by the transverse pro-
cesses of the neighbouring vertebrae. On comparing drawings d
and § in figure 1, it will be seen that Day was in error in suggest-
ing that the bladder of Diplophysa would have to be similar in
structure to that in Bota.

The reduction of the swim-bladder in fishes that live in rapid-
running waters is in all probability due to the fact that they live
on the bottom and do not require to make vertical movements.
The enclosure of the bladder in a bony capsule presumably has
some special biological significance, but of this nothing is yet
known. Zugmayer believed that the frée bladder in Diplophysa
is to be explained by the assumption that the members of the
genus have not yet acquired a true ground habit and that conse-
quently the posterior half has not yet been affected. This, how-
ever, does not appear to be a correct interpretation of the fact as
there are two distinct air-bladders in Diplophysa, the one enclosed
in a bony capsule being possibly the original Cyprinoid bladder,
while the other that lies free in the abdominal cavity is either a
secondary acquisition or, as Dr. Annandale suggests to me, repre-
sents the modified posterior chamber of the normal Cyprinoid
bladder. 1In the latter case the anterior chamber has become en-
closed in bone, as in Nemachilus vittatus, and the posterior cham-
ber was nipped off, retaining its connection with the oesophagus
through the primary pneumatic duct. The members of the genus
Diplophysa have in all probability come to live secondarily in the
deep muddy waters of the lake-basins of Central Asia in which
situation they require a hydrostatic organ for vertical movements ;
I believe that they have originated from forms like Nemachilus in
which the air-bladder.is reduced and enclosed in a bony capsule.
When the primary air-bladder became enclosed in bone it probably
could not again be modified for the performance of a hydrostatic
function to suit the new environment. T thus believe that Diplo-
physa is a more specialized genus than Nemachilus, whereas Zugma-
yer regards it as more primitive. Of the species of Diplophysa at
present known, all described by Kessler, the following have been
recorded either from lakes or from deep muddy waters at great
altitudes in Central Asia :—
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Dz,rlophysa strauchii, Lli river flowing into l.ake Balkash.
labiatus, Urdjar river flowing into Ala-kul.
;, intermediis, I.ake Dalai-nor.
' nasalis, "
v costata, ,
v dalaicus, "
o kungessana, Kinges River.

v papilloso-labiata, Juldus.
. micrvophthalmus, Chami.

Of the nine species enumerated above the first two are from
Eastern Turkestan, the next four from Lake Dalai-nor, which is
situated in the lake basin of Mongolia, and the remaining three
{rom the Tarim river-system which ultimately drains into lake
Lob-nor. It is significant that all the Cobitid fishes known from
Lake Dalai-nor belong to the genus Diplophysa. A new species
of this genus described here was obtained by Capt. Kennedy and
Capt. Stewart in a small stream flowing into Rham-tso, a lake of

considerable dimensions at an altitude of 14,700 ft. in Fastern
Tibet.

It will thus be seen that the genus is known from Eastern
Turkestan and Mongolia on the one hand and from Rham-tso in
Eastern Tibet on the other. This apparently discontinuous dis-
tribution may be accounted for by the fact that very little is at
present known of the ichthyology of the intermediate region.

There is yet another possibility which may explain the distri-
bution of this genus. It is possible that the genus is polyphyletic
in origin, because the character of the bladder on which it is
solely based, may have originated on more than one occasion in
response to life in deep waters which necessitated some hydrostatic
mechanism.,

The genus Diplophysa is represented by two species in the
collection of the Indian Museum, one of which is new to science.

Diplophysa papilloso-labiata Kessler.

1878. Diplophysa papilloso-labiata, Kessler, Bull. Acad. St. Pdters-
bourg XXV p. 299.

1878.  Diplophysa papilloso-labiata, Kessler, Mél. biol. X, p. 257.

1888.  Nemachilus strauchii var. papilloso-labiatus, Herzenstein,
Wiss, Res. Prsewalski Central As. Reis., Zool. Il (2), p. 50,
pl. vi, fig. 5

1910, Dtplop/l_ysa (Nemac/ulus) strauchii  papilloso-labiata, Zug-
mayer, Zool. Zahrb. Syst. XX1X, p. 297.

This is the only species of the genus Diplophysa collected by
Dr. Stoliczka. There are seven specimens in our collection and
they are labelled as having come from Yarkaud, probably from
the Yarkand river which forms a part of the Tarim river-system.
Of the seven specimens four are males and the rest females. The
species exhibits a well-marked sexual dimorphism.

The free air-bladder is not constricted in the middle and lies
almost in the middle of the abdominal cavity. In my dissections
I have not been able to find any pneumatic duct.
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The eggs of this species are very small and almost fill the
whole of the abdominal cavity.

Diplophysa papilloso-labiata is known only from the Tarim
river-system (Eastern Turkestan). The longest specimen in our
collection is 105 mm. in length without including the length of
the caudal fin.

Diplophysa stewarti, sp. nov.
(Text-figs. 2c¢, 2d.)

1908. Nemachilus stolicskae, Lloyd (in part), Rec. /nd. Mus. 1I, p.

341.
1911. Nemachilus stoliczkae, Stewart (in part), Rec. Ind. Mus. VI,

. 70.
1520. Nem7achilus lhasae, Annandale and Hora (in part), Rec. /nd.
Mus. XVIII, p. 179.

This species is represented in our collection by several voung
and half-grown specimens. It closely resembles Nemachilus lhasae
Regan with which Annandale and myseli! confused it when
dealing with the fish of Seistan.. Both Lloyd and Stewart referred
these specimens along with Nemachilus lhasae to N stoliczkae.
Diplophysa stewarti is, however, readily distinguished by the pre-
sence of a second alr—bladder and also by the nature of its skin,
which is tuberculate all over.

The dorsal profile is highest near the nape, in front of which
it slopes considerably to the tip of the snout. The body is thickest
anteriorly and gradually and regularly slopes to the base of the
caudal fin. The head is round, narrow and pointed ; its length is
contained 4'2 times in the length of the fish without the caudal
fin. The body is deepest at its commencement and the greatest
depth of the hody is contained 1°6 times in the length of the head.
The eyes are placed in the middle of the head and are scarcely
visible from below; the diameter is contained 3'4 to 3'7 times in
the length of the head. There are six barbels, 4 rostral and 2
maxillary. The maxillary barbels are the longest; they are
slightly longer than the diameter of the eve. The upper lip is
fringed and the lower is interrupted in the middle and is strongly
papillated. The lateral line is complete; anteriorly it is continued
as a series of open pores below the eyes. There are a few open
pores on the dorsal surface of the head near its posterior border
extending downwards on ecach side to join the lateral line. The
dorsal fin commences considerably in advance of the ventrals and
its origin is equidistant from the tip of the snout and the base of
the caudal fin. It is higher than the depth of the body immed-
iately below it. The ventrals extend beyond the anal opening and
almost reach the base of the anal fin. The caudal peduncle is long
and narrow ; its least helght is contained 6°1 to 6°6 times in its
length. The caudal fin is deeply concave with the upper lobe
considerably longer than the lower,

I Annandale and Hora, Rec. Ind. Mus. X V111, p. 179 (1920).
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This species exhibits sexual dimorphism and the males can
readily be distinguished by a tuberculate pad below the eye.

The secondary bladder is large and constricted in the middle.
It differs from the normal Cyprinoid type in the fact that the
pneumatic duct here opens at the anterior end instead of in the
constricted region.

Text-rF16. 2.—Cobitid fishes from Eastern l'ibet.

l.ateral view of Nemachilus tibetanus Regan.
Under surface of head and chest of same,
l.ateral view of Diplophysa stewarti, sp. nov.
Under surface of head and chest of same.

o &8

~
~
.

The colour in spirit is characteristic of the species. There
are short black bars along the lateral line and on the back. The
belly and under surface of the head and also the general colour of
the body is pale olivaceous. The dorsal and the caudal fins are
marked with black.

Type-specimen.—F. 2894/1, Zoolagical Survey of India (Ind.
Mus.).

Locality :—The specimens were collected by Capt. R, S.
Kennedy, I.M.S., and Capt. F H. Stewart, I.LM.S.. in a small
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stream flowing into Rham-tso (Eastern Tibet). There are two
young specimens from Se-Chen iu Tibet, which I also refer to this
species.

Genus Adiposia, Annandale & Hora.

1920. Adiposia, Annandale and Hora, Rec. Ind. Mus. XVI1II, p. 182.

The genus was recently proposed by Annandale and myself
for two species of Cobitid fishes from Seistan with a long soft
dorsal fin between the bases of the dorsal and the caudal fins.
We also referred a species from Turkestan, Adiposia longicauda
(Kessler),' to this new genus.

Genus Nemachilus v. Hass.

The thirteen species of the genus Nemachilus from Central
Asia in the collection differ from the numerous forms known
from the Indian Empire in their large size and almost subcylindri-
cal form. None of them, moreover, possesses the vertical bands
of pigment which characterize those from lower altitudes.

The following is an artificial key to the Central Asiatic
species of Nemachilus in the collection of the Indian Museum :—

I. Ventrals terminating a considerable distance in front of anal
opening.
4. Eyes wholly in anterior half of head, dorsal commenc-
ing in advance of ventrals. .
B. Eyes in middle of head ; ventrals commencing in advance
of dorsal ... ... N.gracilis.
Il. Ventrals just reaching or extending beyond anal opening.
A. Anterior origin of dorsal almost equidistant between tip
of snout and base of caudal.
1. Lateral line incomplete,. ending shortly after its com-
mencement ... NV, wittatus,
2. Lateral line complete or becoming somewhat obscure
behind anal fin.
a. Eye almost in middle of head.
i. Pectorals as long as head ... ... N.yasinensisQ&.
1i. Pectorals shorter than head.
a. Least height of caudal peduncle almost equal
to diameter of eye ... N.lhasae.
B. Least height of caudal peduncle considerably
greater than diameter of eye. ... N. kashmivensis.
b. Snout longer than postorbital part of hea . N. tenuis.
B. Anterior origin of dorsal not equidistant between tip of
snout and base of caudal.
1. Anterior origin of dorsal nearer tip of snout than base
of caudal ... N. ladacensis.
2. Anterior origin of dorsal nearer base of caudal than tip
of snout.
a. Eye in middle of head.
i. Ventrals distinctly extending beyond anal opening.
a. Least height of caudal peduncle 4 times in its

N. yarkandensis.

length, lower lip almost continuous .., ... N.stoliczkaes
B. Least height of caudal peduncle 5 times in its
__length, lower lip widely interrupted ... N.tenuicauda.
il. Ventrals just reaching anal opening ... .. N. marmoratus.

L Kessler ‘t Pisces ' in IFedtschenko's ** Reise in Turkestan,” p. 38, pl. vy,
figs. 22, 23 (1874).
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b. Eye not in middle of head.
i. Snout shorter than postorbital part of head.
a. Anal fin separated from caudal by a distance

almost equal to its own length w.  N.omicrops.
B. Anal fin separated from caudal by a distance
considerably less than its own length .. N. yasinensisQ
ii. Snout longer than postorbital part of head. ... N.tibetanus.

Nemachilus yarkandensis Day.

1876. Nemachilus yavkandensis, Day, Proc. Zool. Soc. London, p. 79.

1878. Nemachilus yavkandensis, Day, Sci. Res. 2nd Varkand Mission,
Ichthyol., p. 14, pl. v, fig. 3.

1889. Nemachilus yarkandensis, Herzenstein (in part). Tl7ss. Res,
Prgewalski Central As, Reis., Zool. 111 (2), p. 74.

1910, Newachilus yarkandensis, Zugmayer, Zool. Fahrb. Sys¢. XXIX,

P 205.

The Indian Museum possesses a large number of specimens
of this species from Yarkand, Pas Robat, Yankihissar and
Kashgar. Besides these there is one specimen about 132 mm. in
length labelled as having come from Kashmir which I am convinced
also belongs to this species. So far N yarkandensis has been re-
corded only from the Tarim River system and its extension into
Kashmir is very doubtful and requires confirmation. My specimens
correspond in every detail to the typical form. The wvarious
varieties described and figured by Herzenstein are not represented
in our collection ; probably they are all far Fastern or Chinese
forms.

Nemachilus tarimensis Kessler! has been considered to be
synonymous with N yarkandensis by Herzenstein, who figures
Kessler’s original specimen of N tarimensis as N yarkandensis
(s. st.). After a careful comparison I am lead to believe that
the two species are different and that N tfarimensis as figured
by Herzenstein differs from N yarkandensis in the following
points:—

N tarimensts. N yarkandensis.

The commencement of the dorsal fin is | T'he commencement of the dorsal fin is
almost equidistant from the tip of the distinctly nearer to the base of the
snout and the base of the caudal caudal fin than to the tip of the
fin. snout.

The eyes are large and are not situated | The eyes are small and are situated
entirely in the anterior half of the head. in the anterior half of the head.

As regards the three varieties of this species, it is difficult to
discuss their true relationships without examining Herzenstein’s
specimens. N yarkandensis longibarbus differs from the typical
form in the commencement of the dorsal fin, which is situated in
the middle of the body, the longer barbels and the curve of its
dorsal profile. Probably it represents a new species. The other
two varieties, brevibarbus and, macropterus somewhat resemble our
specimens.

I Kessler, Bull. Acad. St. Petérsbourg XXV p. 300 (1878),
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Nemachilus gracilis Day.

1876.  Nemachilus gracilis, Day, Proc. Zool. Soc. London, p. 798.

1878. Nemachilus gracilis, Day, Sci. Res. znd Varkand Mission,
Ichthyol., p. 16, pl. iv. fig, §.

1878. Nemachilus gracilis, Day, Fish. India 11, p. 621.

1889. Nemachilus gracilis, Day, Faun. Brit. Ind. Fish. 1, p. 237.

1808. Nemachilus stoliczkae, Alcock, Rep. Nat. Hist. Res. Pamir
Bound. Comm., p. 38.

This species 1s readily distinguished by the nature of its lower
lip which is widely interrupted in the middle and is thrown into a
longitudinal fold on either side. I have examined Day’s type-
specimen ‘‘ from Basgo, on the head waters of Indus.”’

I also refer to this species a specimen from Lukong River
and several others from the affluents of the VYasin River near
Darkot. The latter were collected by Col. Alcock. The waters
of both these streams flow directly cr indirectly into the Indus
River. These specimens were previously recorded as N. stoliczkae.

Several young, half-grown and adult specimens have recently
been collected in the Kashmir Valley. The specimens were ob-
tained from a lake about four miles from Sonmarg. The species
exhibits marked sexual dimorphism. The eggs are minute.

The adult individuals possess 6 to 7 broad black bands across
the back. In young specimens there is a series of black dots
along the lateral line and the dorsal surface is mottled with black
and brown.

Nemachilus vittatus (Heckel).

1838. Cobz'é‘lis vittata, Heckel, Fische Kaschm., p. 8o, pl. xii, ftigs. 3
and 4.
1844.  Cobitis vittata, Heckel, in Hiigel's Kaschmir 1V p. 382, fig.

Giinther ! combined Heckel’s two species of this genus from
Kashmir and adopted for them the specific name marmoratus.
Day ? followed Giinther and recognised only one form from the
Kashmir lakes. Zugmayer® perhaps doubted Giinther’s identifi-
cation and in recording Nemachilus marmoratus from ° Wular
Lake” gave Giinther as the author of the species. On examin-
ing the old collection of the Indian Museum, I find that out of 17
specimens from the Kashmir lakes, 16 belong to N wviltatus and
one to another species. N wiffatus can be readily recognised by
the nature of its lateral line which ends shortly after its com-
mencement.

I have not included references by Giinther, Day and Zugmayer
under the title of this species as it is impossible to be sure of the
identity of the species they recorded. They do not make any

.' Giinther, Cat. Brit. Mus. Fish. VI, p. 356 (1868),
(187;)Day, Proc. Zool. Soc. London, p. 798 (1876); Fish. India 11, p. 620
* Zugmayer, Zool. Fahrb. Syst. XX1X, p. 296 (1910).
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mention of the lateral line in which, as explained above, the speci-
fic character is to be found.

Quite a number of specimens have recently been brought
back from several places in the Kashmir Valley by the members of
the Zoological Survey of India.

Nemachilus yasinensi Alcock.

1898. Nemachiluz yasinensis, Alcock, Rep. Nat. Hist. Res. Pamir
Bound. Comm., p. 38, pl. i, figs. 2, 2a.

This species has hitherto been known from a single male speci-
men procured by Col. Alcock in the Yasin River. The specimen
is now preserved in our collection. A large number of specimens
have recently been obtained from a small stream flowing into the
Sind River, a tributary of the Jhelum River. Among these there
are three female specimens which differ considerably from the males.
The following are some of the chief points of difference :—

Male. Female.

The dorsal fin commences midway bet- | The dorsal fin commences somewhat
ween the tip of the snout and the base nearer to the base of the caudal than
of the caudal fin. to the tip of the snout.

The snout is slightly longer than the | The snout is shorter than the post-
pnstorbital part of the head. orbital part of head.

‘The lateral line is continued to the base | The lateral line ends in front of the
of the caudal fin. base of the ventral fins,

The caudal fin is forked. The caudal fin is either rounded or

truncate.

Besides these the female specimens possess short paired fins,
small eyes and a deep caudal peduncle as compared with the males.
The males possess well-marked secondary sexual characters such
as are described towards the end of this paper.

The eggs are small.

The species is now known from the head-waters of the Indus

and Jhelum Rivers.

Nemachilus lhasae Regan

(Text-figs. 3a—c.)
1905. Nemachiluslhasae, Regan, Ann. Mag. Nat. Hist. (7) X\ p, 3o1.
1908. Nemachilus stolicskae, .loyd (in part), Rec. Ind. Mus., 11, p. 341.
1911. Nemachilus stolicskae, Stewart (in part), Rec. Ind. Mus. V1, p. 70
1920. Nemachilus lhasae, Annandale and Hora (in part), Rec. /nd.
Mus. XVIII, p. t79.

There are several young and half-grown specimens of this
species before me, which have been referred to Nemachilus stoliczkae
by Lloyd. They were collected by Capt. Kennedy and Capt.
Stewart in Rhamtso, Nyang-chu, Langma-thang-chu, Phari and
to the S.W of Dochen, all in Eastern Tibet. My specimens agree
with Regan’s description of the species. The young individuals,
however, possess black blotches along the lateral line besides short
cross-bars on the back.

The species exhibits well-marked sexual dimorphism.
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Nemachilus kashmirensis, sp. nov.

1876. Nemachilus riipicola, Day, Proc. Zool. Soc. London, p. 799.
1878. Nemachilus rupicola, Day, Sci. Res. 2nd Yarkand Mission-
Ichthyol., p. 17.

To this new species I assign several specimens recently
collected in Verinag, Kukarnag and in a small stream flowing from
the Kashmir waterworks reservoir to the trout farm at Harwan.
The species is characterized by an emarginate caudal fin and by
the presence of broad, black bands across the back. Probably
these characters led Day to refer some of his Kashmir examples
to Nemachilus rupicola (McClell.)! 1 have recently visited the

TEXT-F1G. 3.—Nemachilus lhasae, Regan.
a. Lateral view of adult specimen.
b. Same of young specimen
c. Under surface of head and chest of adult specimen.

Simla Hills and have obtained some specimens of N rupicola,
which differ from N kashmirensis in the following points :—

N Rashmirensis. N rupicola.
The ventrals extend beyond the anal | The ventrals do not reach the anal
opening and almost reach to the base opening and are separated from the
of the anal fin, _anal fin by a considerable distance.

The pectorals are shorter than the head. | The pectorals are longer than the head.
There are no definite black bands on | There are several black bands on the

the sides of the body. sides of the body.
The body is absolutely devoid of a | There are minute scales covering at
scaly covering. least the posterior three-fourths of
the body.

I propose to give a detailed description with figures of this
species in my paper on the Indian species of the genus to be pub-
lished in this journal at some future date.

I McClelland, Fourn. As. Soc. Bengal VI1I, p. 948, pl. 55, fig. 3.
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Nemachilus tenuis Day.

1876. Nemachilus tenuis, Day, Proc. Zool. Soc. London, p. 796.

1878. Nemachilus tenuis, Day, Sci. Res. 2nd Yarkand Mission, Ich-
thyol., p. 15, pl. v, fig. 4.

1898. Nemachilus tenuis, Alcock, Rep. Nat. Hist. Res. Pamir Bound.
Comm., p. 14.

1906. Nemachilus stenurus, editorial note to Regan, Fourn. As. Soc.
Bengal, 11,. p. 8.

1920. Nemachilus stolicgkae, Annandale and Hora (in part), Rec. [nd.

Mus. XVIII, p. 178.

The specimens from which Day drew up his description of
Nemachilus tenuis, came from two sources, from “ Aktash, where
the waters of the Ak-su Pass to the Oxus '’ and from ¢* Yaukihissar
where the rivers go to the Yarkand River.”” Day’s specimens
from the latter locality are not to be found in our collection,
though there are several specimens of other species of the genus
from the same place. The record, therefore, requires confirmation
as I think it improbable that the species really extends to the
Tarim river-system. Several specimens from the Great Pamir,
whence the waters pass to the Oxus system, were correctly referred
to this species by Alcock.

Quite recently Annandale and I (op. cit.) identified the
Seistan examples as N stoliczkae, but I now believe that they
represent N. tenuis. The Seistan specimens were collected in the
Helmand River which may once have formed a part of the once-
extensive Oxus system. Regan (0p. cit.) referred these specimens
to N. stenurus on account of their long and narrow caudal peduncle,
but this is also a character of N fenuis. The two species differ in
the following points :—

N stenurus Herz.

The commencement of the dorsal fin is
nearer to the tip of the snout than to
the base of the caudal fin.

N tenuss Day.

The commencement of dorsal fin is
either equidistant from the base of
the caudal fin and the tip of the snout

or 1t is slightly nearer to the former
than to the latter.
The lower lip is widely interrupted in

The lower lip is continuous and entire.
the middle and is greatly pliated.

N stenurus was described from Dy-tschu, the sources of the
Yang-tse-kiang River ; while N {enuis is known from the Oxus
system.,

Vinciguerra! on the authority cf Regan referred his examples
from Skardu in the Indus System to N. sfenurus for he writes,
‘“ nel riferire questi individui al N. stenurus sono confortato dall’
avviso di Tate Regan, al quale li hc comunicati.” The specimens
require re-examination.

It is evident from the above discussion that the character of
a long and narrow caudal peduncle is shared by a number of
species. Such species are N stenurus from the sources of the
Vang-tse-kiang, N tenuis from the Oxus system and N /hasae

! Vinciguera, Ann. Mus. Stor. Nat. Genova X1.VII, p. 148 (1910).
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from Eastern Tibet. The Skardu specimens probably represent
another form in the same series.

Nemachilus ladacensis Giinther,

1808. NemachGilus ladacensis, Ginther, Cat. Brit. Mus. Fish, VII,
p. 356.

The Indian Museum possesses. only one specimen of this
species six and a half inches in length, from Kashmir ; it agrees
closely with Giinther’s description but had been referred to N
stoliczkae by Day. Day’s' N. ladacensis differs from Giinther’s
account in several respects and probably represents a different
species. The descriptions differ in the following points :—

N. ladacensis Giinther, N. ladacensis Day.

** The origin of the dorsal fin is nearer | ' Dorsal commences midway between
to end of snout than to the root of the front edge of the eve and the
the caudal.’ base of the caudal fin.’

+* The free portion of tail is very low, its | “ Free portion of the tall twice as high
depth bemg nearly one fourth, of its as long at its base.’
length.”’

‘I'he caudal fin is rounded ? The caudal fin is emarginate.

The proportions are also different in the two species.

Unfortunately the specimen from which Day drew up hlS
description and which he *‘ deposited in the Indian Museum ’’ is
not now to be found.

Day’s specimen was said to have been collected by von
Schlagintweit at Gnari Khorsum, Tibet. N ladacensis is known
from Ladak and Kashmir.

Nemachilus stoliczkae (Steind.).

1860. Cobitis stoliczkae, Steindachner, Verh. Zool-bot. Ges. Wien, p.
793. pl. xiv, fig. 2.
1868, Nema%hz'lus stolicskae, Gunther, th. Brit. Mus., Fish. VII,
pP. 300.
A very wide interpretation has been given to this species by
Day ? Herzenstein,® Giinther, * and several other ichthyologists.
1 have examined a large number of specimens in our collection
from I,ukong stream, Chagra, Yarkand, Sirikol and Aktash which
were referred to this species by Day but find that several distinct
forms are represented among them. There are only six specimens
which I can definitely refer to this species, one from Rupshu, the
type-locality, three from Lukong Stream, one from Chagra and
one from Kashmir. The waters from these places pass to the
Indus River.

t Day, Proc. Zool. Soc. London, p. 797 (1876); Sci. Res. 2nd Varkand
Mission, Ichthyol., p. 15, pl. iv, fig. 4.

2 Day, Proc. Zool Soe. London, p 795 (1876); Sci. Res 2nd Yarkand
Mission, Ichthyol., p. 14, pl. v, fig. 2 (187

s chensteln 77ss. Res. P:ze'zvalskz Central As. Reis., Zool. 111 (2), p. 14
(1888).

+ Ginther, in Pratt's ** Snows of Tibet'' p. 249 (1892).



1922.] S. L. Hora : Central Asiatic Cobitidae. 70

Herzenstein (0. cit.) has recognised several varieties of this
species, most of which so far as I can judge from the figures
represent different species. My specimens agree with the typical
form, of which I have examined one specimen from Rupshu.

Vinciguerra! has recorded the species from Skardu, but it
appears from his description that he has grouped several distinct
forms under one name. In identifying his specimens as N
stoliczkae he has followed Day and Herzenstein for he observes
that, ‘‘ questa determinazione é basata non tanto sulla des-
crizione e figura originale, quanto su quelle di Day, di Glinther e
specialmente di Herzenstein.’’

Lloyd* referred some specimens trom FEastern Tibet to this
species. I have heen able to recognize at least three different
forms among the material he examined, two of them belonging to
the genus Nemachilus, viz. N.lhasae Regan and N tihetanus Regan,’
while the third helongs to the genus Diplophysa and is described
here as new.

Day *in his later works regarded Nemachilus griffithii, Ginther °
as synonymous with this species. Thave not examined any speci-
men of Giinther’s species, but it appears from the description that
the two are different. In N griffithei * the origin of the dorsal fin
is midway between the root of the caudal and the end of the snout,”
while in N stoliczkae ‘‘the origin ot the dorsal fin is conspicuously
nearer to the root of the caudal than to the end of the snout.”

Nemachilus tenuicauda (Steind,).

1866, Cobitis tenuicanda, Steindachner, Verh. Zool.-bot. Ges. Wien
XVI p. 792, pl. 17, fig. 3.

1868. Nemachilus tenuicaunda, Gilnther, Cat. Brit. Mus. Fish. VII,
P- 357.

This species closely resembles N stoliczkae, from which it is
distinguished by its elongate and natrow caudal peduncle and by
its colouration.

Nemachilus tenutcauda is represented in our collection by two
specimens from Leh.

Nemachilus marmoratus (Heckel).

1838. Cobitis marmorata, Heckel, Fish. Kaschm., p. 70, pl. xii, figs.
I and 2.
1844. Cobitis marmorata, Heckel, in Hugel's Kaschmir IV p. 380,

fig.

This is apparently a rare species and is represented in our
collection by a few specimens recently obtained in Kashmir. The
specimens were obtained from Kukarnag Spring and from ponds
on the road between Martand and Ichabal.

Vinciguerra, Ann. Mus. Stor. NVat. Genova XLVII, p. 146 (1910).
Lloyd, Rec. Ind. Mus. 11, p. 341 (1908).

Regan, Ann. Mag. Nat. Hist. (7) XV pp. 187 and 301 (1903)
Day, Fish. India 11, p. 620 (1878).

Ginther, Cat. Brit. Mus. Fish. V1I, p. 360 (1868).

o & ot D —
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I am unable to say whether Zugmayer’s (0p. cit.) specimens
represent this species or N wittatus, but the latter is undoubt-
edly more common in the Kashmir lakes.

For the reasons already given under N wvittatus 1 have not
included references by Giinther and Day under the title of this
species.

Nemachilus microps (Steind.).

1866. Cobitis microps, Steindachner, Verli. Zool.-bot. Ges. Wien XVI,

P- 794, pl. 13, fig. 3. _
1868. Nemachilus micvops, Glnther, Cat. Byit. Mus. Fish. V11, p. 357.

This species is readily distinguished by its small eves. We
have two specimens in our collection from Mecma! (Yarkand
Mission, Dr. Stoliczka’s collection) which agree with Stein-
dachner’s description of the species. These specimens had previ-
ously been referred to Nemachilus stoliczkae. The male possess-
es well-marked secondary sexual characters below the eyes.

The species was originally described from Leh and in all
probability the waters from Mecma pass to the Indus River.

Nemachilus tibetanus Regan.
(Text-figs. 2a, 2b.)
1905. Nemachilus tibetanus, Regan, Ann. Mag. Nat. Hist. (7)
XV, p. 187.
1908. Nemachilus stoliczkae, Lloyd (in part), Rec. Ind. Mus. 11,.p. 341.
1911. Nemachilus stolicskae, Stewart (in part), Rec. Ind. Mus. VI,
P: 70.

The specimens before me ot this species were collected by
Capt. Kennedy in Nyang-chu at Kangmar and by Capt. Stewart
in Gyang-tse. These had been referred to Nemachilus stoliczkae
by Lloyd and Stewart. The species differs from N lhasae, which
is known from the adjacent region, by the greater depth of its
caudal peduncle, by the position of the dorsal fin, whose commence-
ment is situated nearer to the root of the caudal than to the tip
of the snout, and by the position of the eye, which is nearer to the
tip of the snout than to the posterior margin of the head.

Nemachilus tibetanus exhibits a well-marked sexual dimor-
phism.

Nemachilus sp.

There are several specimens in our collection from Sirikol,
which have been referred to Nemachilus stoliczkae by Day with
the following remark, “in specimens from Sirikol the snout is
rather more pointed.” I am unable to refer these specimens
to any of the known species of the genus, but on account of their

bad state of preservation I do not propose to describe them as
a new species.

I The Yarkand Mission made collections in several places outside Yarkand.
I have not been able to determine the exact locality of Mecma, but I suppose,
waters from this place flow into the Indus river-system.
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Among the specimens from this locality two forms are repre-
sented, one in which the caudal peduncle is very low and the com-
mencement of the dorsal fin is situated at an equal distance from
the tip of the snout and the base of the caudal fin; while in the
other the caudal peduncle is fairly deep and the origin of the
dorsal fin is distinctly nearer to the base of the caudal than to the
tip of the snout. Most of the females, which are about 54 mm.
in length, are full of eggs. The snout is long and pointed and the
eyes are situated in the middle of the head.

NOTE ON THE SECONDARY SEXUAIL CHARACTERS OF CERTAIN
SPECIES OF COBITID FISHES FROM HIGH ALTITUDES
IN CENTRAI ASIA.

In the Indian species of the genus Nemachilus which ex-
hibit sexual dimorphism the male is provided with ‘‘a slit-like
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TexT-¥16. f.—Lateral view of head and upper surface of pectoral fin in
-a male specimen of Nemachilus tibetanus Regan, showing sccondary sexual
characters.

deep groove in front of the eye which bends round a small knob-
like rounded flap of skin protruding below the anterior one-third
of the orbit, the ridge above the groove appearing slightly swollen
and cushion-like.”” The pectoral fins are also modified where
‘“ there is a kind of padding and thickening on the upper surface ”’
and ‘‘on the padding, minute hooked denticular outgrowths are
noticed.”” These secondary sexual characters were described by
Chaudhuri in Nemachilus mackenziet! and N manipurensis® and

I Chaudhuri, Rec. Ind. Mus. V, p. 183.
2 Chaudhuri, Rec., Ind. Mus. VII, p. 443, p. x1, figs. 4, 4a, 4b; pl. xli, hgs.
1, 1a, 1h.
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I have noticed similar modifications in mature males of several
other Indian species of the genus. In the Central Asiatic forms,
however, the secondary characters of the male are more marked
and somewhat complicated. Of the thirteen species of the genus
Nemachilus referred to in this paper, seven show marked sexual
dimorphism. The male in these is usually provided with a raised
tuberculate area below the nares, separated ventrally by a groove
from the adjacent parts of the skin. The area is almost rectan-
gular, commencing at the corner of the lips and extending poste-
riorly below the anterior third of the orbit. In certain species such
as N. tenuis, N yasinensis and N tsbetanus (fig. 4), there is another
tuberculate area immediately behind the first one. Sometimes
the tubercles are irregularly scattered on the operculum and the
sides of the head behind the eyes. In all species that exhibit

TexT-F16. 5.—Tubercles covering secondary sexual pads of male of XV,
tibetanus (highly magnified).

sexual dimorphism, the pectoral fin-rays are provided with
thickened tuberculate pads on their dorsal aspect. These
tubercles on the fin-rays are not to be confused with encysted
glochidia, which are sometimes found in this position, though they
resemble them closely. A few scattered tubercles are sometimes
found on the under surface of the pectoral fin-rays.

In both the species of the genus Diplophysa in our collection,
the male is modified on exactly the same lines as- has already
been described for the genus Nemachilus.

The structure of the tuberculate areas is somewhat interesting.
Fach of the tubercles is provided with a short, stout spine-like
outgrowth (fig. 5) which is sharp and slightly curved towards the
end. The spine rests on a broad cushion-like rounded base.

Recently I have collected an interesting specimen of Nema-
chlus from the Simla Hills. It possesses a groove and a small
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knob-like rounded flap of skin below the eye, but on dissection was
found to be full of eggs. There is no padding on the dorsal aspect
of the pectoral fin-rays and even the sexual character below the
eye is not so well marked. I have examined a large number of
specimens of the species to which I think this example probably
belongs, N. rupicola (McClelland), and have not been able to find
any other specimen with secondary sexual characters.

B N






A NOTE ON BEES OF THE GENERA XYLOCOPA
AND BOMBUS IN THE INDIAN MUSEUM.

By CEpric Dover, F.E.S.

The accumulation of a large amount of unnamed carpenter-
and bumble-bees in the collection of the Zoological Survey of
India has led me to attempt their identification; and, as, though
no novelties were among them, my results are not quite without
interest, I have drawn up the following short note in the hope
that it will prove useful.

Subfamily XYLOCOPINAE.'

Xylocopa tenuiscapa Westw.

1921, Xylocopa tenuiscapa, Dover, Rec. Ind. Mus. XXII, p. 389.

In the paper quoted I bave given references to works which
give characters by which the female of X latipes and X. tenuiscapa
may be readily separated. and I bave also quoted Maidl, who re-
gards Sichel’s albofasciata as the female of this species.  ““ In Bing-
ham’s description of the male for tibiae read basitarsi ”’ (Cockercll).

The Indian Museum possesses a specimen from Tenasserim
which is probably a lafzpes @ but differs from it in being much larger
(about 37 mm.) and there are two deep dents on either side of the
disc of the mesonotum, which is smooth and brightly polished.

Xylocopa acutipennis Smith,

The Indian Museum has examples from the following locali-
ties unnoticed by Bingham : Darjiling District, above Tura in
the Garo Hills of Assam, 3500 ft., and the Dawna Hills in Lower
Burma 2000-3000 ft.

Xylocopa attenuata Perez.

1852.  Xylocopa pictifrons. Smith, T'vans. Ent. Soc.(2) X1, p. 42, @ necd
1897. Xylocopa pictifrons, Bingham, Faun, Brit, Ind. Hym. 1, p. 538, &
1901. Xylocopa attenuata, Perez, Act. Soc. Linn. Bordeaux 1.XXV (0)

VI, p. 46, @

1912. Xylocopa attenuata, Maidl, Ann. Nat. Hofmus. Wien XXVI,
p- 287.

1921. Xylocopa attenuata, Dover, Fourn, Bomb. Nat, Hist.Soc. XXVII,
p. 961,

The species 1s found sparingly in the Indian plains, and
commonly in Sikkim and Kumaon. It is found also in China,

L 1 have thought it best in this nots not to recognisc the genus Mesotrichia,
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Java, Formosa and the Malay Peninsula. Some confusion has
existed as to the sexes of the species described by Smith and
Bingham as pictifrons, but this has been admirably cleared up by
Maidl in his paper. He regards the male described by Smith as
typical pictifrons, while Bingham’s male and Smith’s fetnale are a
separate species for which he has adopted the name attenuata of
Perez.

Xylocopa auripennis Lepel.

In addition to the localities noticed by Bingham, the Indian
Museum also possesses specimens from the Darjiling District, the
Naga Hills and Sibsagar in Assam, South India and Nepal. The
species is supposed to be mimicked by a Sphingid moth (Safaspes
hauxwelli), which according to De Niceville ( Journ. Boinb. Nat. Hist.
Soc. XI1I, p. 174) was ‘‘a beautiful mimic of the very common large
blue carpenter-bee Xylocopa auripennis, Lepeletier.”” The wings
of the moth are a deep indigo-blue with bronze markings, which
scarcely resembles the wings of the bee, and in the cabinet the
whole insect seems entirely different.

De Niceville does not say that the bee and the moth were taken
together, and in the absence of definite field-observations, the moth
has little claims to being a mimic of the Xvylocopa.

Xylocopa dissimilis Lepel.

The Museum has specimens from Bangalore, Bandra in the
Bombay Presidency, Mong-Wan in Yunnan (W China) and South-
ern China.

Xylocopa fenestrata Fabr

Y Xylocopa bombayensis, Cam. ? M. S.
1921.  Xylocopa fenestvata, Dover, Rec. Ind. Mus. XXI1I, p. 390.

In the paper cited, I have noticed what appears to be an aber-
ration of X. fenestrata from Barkuda Island in the Chilka Lake,
with a comparatively large, and a small, almost reniform, hyaline
marking on each of the hindwings. The Indian Museum possesses
another specimen from Hamirpur Road in the United Provinces
(Caunter ,x'11), which has the lower halves of the wings semi-hyaline.
The fact that Klng described an example with semi-lunate, hyaline
markings on the hindwings under the name l#nafa, makes me now
think that aberrations of this species, with hyaline markings of
some sort on the wings are perhaps not uncommon. 1t might be
of interest to note here that I remember to have seen a specimen
of the closely allied African X. carinata with an irregular hyaline
patch on the right forewing. Can it be that these markings are
caused by injuries sustained in the early stages? X. fenestrala is a
common Indian species, extending as far Celebes on the south-east
and probably into Australia, and Madagascar on the south-west.
It does not penetrate into South Africa, but is replaced there by
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X. carinata. Meade-Waldo has shown ! that Cameron’s X. bomba-
yensis is a synonym of this species.

Xylocopa amethystina Fabr.

Bengal, Chota Nagpur, Bihar and Sind are not recorded by
Bingham. This is an apparently widely distributed species in
India.

Xlyocopa bryorum Fabr,

The Museum has specimens from Assam and the Andamans.

Xylocopa collaris Lepel.

This species is found in most parts of India, Burma and
Ceylon and is known from Borneo, Sumatra, Java, the Philippines,
Celebes and Malacca and from the Palaearctic Region.

Xylocopa tranquebarica Fabr.

1804. Bombus tranquebaricus, Fabr., Syst. Pies., p. 343.
1917. Xylocopa tranquebarica, (ockerell Plulz/)p }’ourn Sci. X11, p.

346.
1921. Xylocopa rufescens, Dover, Rec. Ind. Mus. XXII, p. 390.

Found in Sikkim, Bengal, South India, Burma, Andamans,
Java, Sumatra, Borneo and the Philippines. There are three ex-
amples in the Indian Museum under the name ferruginea which I
think really belong to this species. Prof. Cockerell has shown that
the more generally used name rufescens will have to be sunk in
favour of tranguebarica. He has also noted its crepuscular habits.

Xylocopa caerulea Fabr.

This beautiful species has been found in Sikkini, Burma,
Ceylon, Annam, Sumatra, Borneo, Java and New Caledonia.

Xylocopa flavonigrescens Smith.

1918. Xylocopa flavonigrescens, Cockercll, Entomologist, L1, p. 104.
The Zoological Survey possesses examples from Sikkim, Sylhet,
Tenasserim, Ton-Kin and Malacca. Meade-Waldo, basmg his
opinion on "the male , thought Cameron’s malayana (Proc Zool.
Soc. Lond. 1901, p. 32) to be the same as this species, but Prof.
Cockerell notes that a female from the island of Penang is the
same as X. malayana.

Xylocopa nitidiventris, X. dubiosa and X. convexa Smith.

1878. Smith, Scienst. Res. 2nd. Yark. Miss. (Hym.) pp. 7 and 8.

The types of these species, described {rom the neighbourhood
of Yangihissar in Yarkand, are in the collection of the Indian

I"Ann. Mag. Nat. Hist. X1V, p. 404, 1914.
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Museum. The U.S. National Museum has specimens of X nsfs-
diventris from Kukier, Fastern Turkestan.

Subfamily BOM-BINAE.!
Bombus montivagus Smith.

I'he Indian Museum has examples from Upper Tenasserim
and Take-pum Mt. on the Chinese Frontier in N E. Burma.

A form has also been taken in Onari in British Garwhal,
11,000 ft., which has the colour of the pubescence on the apical
three segments of the abdomen almost snow-white and not fulvous
red.

Bombus lapidarius var. tunicatus Smith.
1897. Bombus tunicatus, Bingham, Fann. Brit. Ind. Hym. I, p. 549.
1910. Bombus tunicatus, Cockerell, Ann. Mag. Nat. Hist. V, p. 417.

1916. Bombus lapidarius var. tunicatus, Meade-Waldo, Ann. Mag.
Nat. Hist. XVI1I, p. 467.

Following Meade-Waldo 1 consider tuunicaius and Cockerell’s
gilgitensis to be varieties of the European B. lapidarius Linn. The
Museum possesses specimens of the former variety from Garwhal,
Simla Hills, Mussoorie, Nepal, and two examples from Calcutta.
In Nature for May 19th, 1921, I recorded the capture of the two
Calcutta examples and mentioned having seen what was probably
a species of Bombus at the base of the Eastern Himalayas, as

“bumble bees’’ are supposed never to descend below 3,000 ft.
Burkill (Journ. As. Soc. Beng. (n. s.) II, p. 521, 1906) found
B. haemorrhotdalis common in the N W Himalayas at 1,600 ft.,
but the capture of Bombus actually in the plains is astonishing,
and it is probable that such an incident may never occur again,
though I originally mentioned that these bees probably occur, very
rarely, in the plains. There is an old record of B. oriemlalis in
Calcutta which I think must be authentic, but as to how these
strictly hill-species have been found here I can offer no explanation
other than that these species of Bombus probably nest in the ground
and have been conveyed here through the agency of man.

A fly, Criorhina imitator cf the family Syrphidae, closely
resembles this species and the case appears to be one of real
mimicry. Brunetti in his original description (Rec. Ind. Mus. XI,
p. 237, 1915) stated that it was a mimic of the bee Bombus trifas-
ciatus (as understood by Bingham), but I think it will be admitted
that it resembles funicatus more closely in the light pubescence on.
the anterior parts of the thorax, on the scutellum, on the basal
abdominal segments, and in the colour of its wings and legs. The
pubescence on the apical abdominal segments is also reddish, but
unfortunately, it is not quite so dense as in the bee it resembles.
Hingston in 4 Naturalist in Himalaya (Witherby : 1920, p. 184)
notices the resemblance of Bombylius to Bombus and of a species

L As the use of the term Bremusfor Bombus is dependent on the validity of
the *“ Erlangen "’ list, and this is still a debatable point I have preferred to use
the more generally known name.



1922.] C. DovER : Notes on Bees. 89

of Bombylius to B. lapidarius var. tunicalus. 1 have never noticed
this myself and judging from his description I think it just pro-
bable that his Bombylius is really a Criorhina.

Bombus eximius Smith.

The Darjiling District, Khasi Hills, Shillong, and Mong-wan
in W China may be added to the localities given by Bingham.

Bombus flavescens Smith.

The Darjiling District, Nepal and Kumaon may be added to
the localities given by Bingham.

Bombus funerarius Smith.

There are specimens in the Indian Museum from the Western
Himalayas. Col. Bingham remarks that individuals with the
pubescence on the apical three segments bright orange-red instead
of greyish have only been found in Sikkim, but I have seen an
example from the W Himalayas.

Bombus alienus Smith.

1897. Bombus? wallestris, Bingham, Faun. Brit. Ind. Hym. 1, p. 5
1916. Bombus alienus, Meade- \Valdo Ann. Mag. Nat. Hist. XVI [,

467.

This species (omitted from the ¢ Fauna’) was taken in
October, 1903, by Mr. R. E. Turner in Shillong. B. vallestris
agrees fairly well with the description of altenus, but as Smith’s
type of the latter species is not available in Calcutta, and his type
and ? cotypes of wvallestris in the Indian Museum are almost
unrecognisable, I can cffer no definite opinion. Meade-Waldo
says that it is probable that vallestris is synonymous with alienus.

Bombus Bhaemorrhoidalis Smith.

The Museum possesses specimens from several localities in the
Eastern and Western Himalayas,

Bombus orientalis Smith.

To Mr. Paiva’s list of the specimens in the Indian Museum
(Rec. Ind. Mus. VIII, p. 80, 1912) I may add Yokohama and?
Calcutta.

Bombus longiceps Smith.
1910. Bombus longiceps, Cockerell, Ann. Mag. Nat. Hist. V, p. 505.

1916. Bombus longiceps, Meade-Waldo, Ann. Mag. Nat. Hist. XVII,
p. 468.

The Museum possesses a worn specimen which is, I think, the
type of this species from Leh i Ladak. It has also been taken
by Captain Hingston in Kashmir. I agree with the authors
cited that longiceps cannot be a variety of hortorum.






A REVISION OF THE BURMESE UNIONIDAE.

By B. Prasuap, D.Sc., Assistant Superintendent,
Zoological Survey of India.

(Plate T1.)

In spite of various eminent malacologists having paid con-
siderable attention to the Burmese Unionidae from early times,
our knowledge of these forms was hitherto in a very confused
state. Of the earlier authors, references to whose works are
emabodied in this paper, Benson Gould, Blanford, Theobald and
Nevill deserve special mention, all of them with the exception
of Blanford, who in 1866 ! tried to summarize all that was known
to date, described numbers of species at various times from
collections made in various parts of Burma. The most compre-
hensive collection of Burmese Unionidae was made by Leonardo
Fea in the years 1885-1887 for the Genoa Museum and a detailed
paper ? on these collections was published by Tapparone-Canefri.
In the part dealing with the Unionidae thirteen new species and
varieties were described and notes were included on twenty-two
of the already known species and varieties. A small part of the
collection, however, which was probably received after the report
was written, was not included in it. Appareutly Tapparone-
Canefri had to base his work to a very great extent, if not entirely,
on the incomplete published descriptions of the earlier authors
and on the illustrations in the Conchologia Indica of Hanley and
Theobald, for most of his identifications are incorrect, this would
not have happened if he had had authentically named material
for comparison. He referred all his new species to the composite
genus Unio, and gave elaborate descriptions but did not publish
any figures , his work, therefore, has been a great stumbling block
in the way of all later work. Simpson? tried to remedy this by
an examination of the named duplicates of some of these species
which the United States National Museum had received by ex-
change, but did not succeed in many cases owing probably to the
small amount of material available. Haas* also has tried to deal
with some of the species, but the results of his work on the pre-
dominent Indo-Burmese genera have not been published as yet,

U Blanford, Fourn. As. Soc. Bengal, XXXV, pt. i, pp. 134~155 (1866).

2 Tapparone-Canefri, Ann. Musy Civ. Stor. Nat. Genova, XXVII, pp. 339-
355 (1889).

8 Simpson, Desc. Cat. Naiades (Detroit, 191.4).

¢ Haas, in Martini and Chemn. Conch.-Cab. Unio (in the course of publi-
cation).
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The author whose work is most open to criticism, however, is
Preston, who in two of his works ! dealt with the Indo-Burmese
Unionidae. He had for the basis of these works the entire collec-
tion belonging to the Indian Museum, which besides being very
rich in specimens of various species, is specially valuable hecause
of the many type-specimens or of specimens {rom type-localities,
in many cases named or seen by the authors of the species.
Another feature of the collection is the existence of labels in the
hand-writings of the various specialists, of whom Blanford,
Theobald and Nevill deserve special mention. Nevill in particular
had rearranged the whole collection and given provisional names
to species and varieties which he considered as new. Preston
without any further work accepted Nevill’s identifications and
under his manuscript names described these species or varieties as
new. He did not even attempt to sort out the specimens of
different species where Nevill had left large series mixed up, but
labelled all the specimens in one lot according to Nevill’s label
which he found with it. In attempting to revise Preston’s work
I found that it was guite impossible adequately to work out the
Burmese forms without an examination of Tapparone-Canefri’s
type-specimens, and I applied to Dr. R Gestro of the Genoa
Museum. He was not only kind enough sent me the whole of Fea’s
Burmese collection on loan, but also generously presented to the
Indian Museum specimens of a number of the species, duplicates
of which were still available. This kindness on Dr. Gestro’s
part, for which I am greatly indebted to him, has made it possi-
ble for me to assign T.-Canefri’s species to their proper generic
and specific position. I have besides carefully gone through the
large collections of Indo-Burmese Unionidae already in the Indian
Museum.

The results of the work may be briefly summarized here.
Most of the forms described by T.-Canefri and Preston were found
to be referrable to already known species and I have not come
across any new forms. Notes are given on the generic position,
relationships, structure and geographical distribution of the
twenty-six species and varieties (excluding M. woodthorpi, Godwin-
Austen) which T am now able to recognize as being endemic in
Burma. They belong to the following genera, Margaritanopsis,
Haas ; Indonaia, Prashad; Oxynaia, Haas; Physunio, Simpson ;
Pseudodon,Gould ; Trigonodon; Conrad ; Indopseudodon, Prashad ;
Parreyssia, Conrad; Lamellidens, Simpson and Trapezoideus,
Simpson.

Genus Margaritanopsis Haas.
1913. JMarvgaritanopsis, Haas, Nachr. Deutsch. Malakozool. Ges.
LXV p. 33.
1913. Margaritanopsis, Haas, in Martini and Chemnitz Conch. Cab.

Unio, p. 121.
1914. Margaritana (in part) Simpson, Descr. Cat. Naiades, p. 511.

| Preston, Rec. Ind. Mus. V11, pp. 279-308, pl. viii (1912) and Faun. Brit.
Ind. Freshw.-Moll. pp. 134-195 (1915). ) P (1912) 7
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Haas erected this genus for Unio laosensis Lea in 1913, but
Simpson considers that the species is an undoubted Margaritana
and that the new genus is not justified. The genus, however,
appears to be well characterized and 1 agree with Haas in separ-
ating M laosensis, with its peculiar distribution in Cambodia,
Siam and Burma, from the other species of the genus Margari-
tana. Godwin-Austen has recently described another species from
the Shan States under the name M woodthorpi', but of this I
have seen no specimens.

Margaritanopsis laosensis (Lea).

Pl II, figs. 1—4.
1863. Umnio laosenis, l.ea, Proc. Acad. Nat. Sci. Philadelphia \'11,
. 190.
1913. Mezrg?zritanopsis laosensts, Haas, op. cit., p. 33.
1913. Mﬁargaritanopsz's laosensis, Haas, op. cit., pp. 122, 123, pl. vii,
gs. 1, 2.
1914. M:rgarz'tano,hsz's laosensis, Simpson, op. cit., pp. 520, 521I.

My reasons for agreeing with Haas in keeping this species
in his new genus Margaritanopsis are based on an examination of
four specimens collected by Fea in the Karin Hills, Burma, at an
altitude of 1000-1200 feet and labelled Unio sella T Canefri, a
manuscript name only as the species was never described as
such. These specimens, as was rightly considered by Haas, are
referrable to this species and are of special interest because they
beautifully illustrate the changes that take place in the structure
of the hinge during the growth of the young into the adult shell,
changes which appear to be characteristic of the genus.

The young shells are somewhat rhomboidal and only show a
beginning of the arcuate outline of the ventral margin of the
adult shells. They are thin and not at all solid. The pseudo-
cardinals in the right valves of the young shells are lamellar, thin,
and lie one above the other; in the adult shell the upper or
anterior becomes very thick, somewhat knob-like and lies just next
to the scar of the anterior adductor muscle, the lower (or now the
posterior) comes to be more or less in line with the anterior and
is separated from it by a fairly deep groove, it now takes the form
of an elongated ridge with its anterior edge raised into a trigonal
tooth-like structure. In the left valve there is a single lamellar
pseudocardinal in the young shells, but in the adult it becomes
very thick and divided into two parts—an anterior smaller and
somewhat trigonal and a posterior much larger and conical, for
interlocking with the teeth of the other valve. T have nothing
further to add to Lea’s original description of the species and to
Haas’ elaborate notes on it.

The species described as Unio rectangularis by Tapparone,
Canefri (loc. cif., pPpP- 354, 355 is based on a single very young-
shell. It is undoubtedlv to be referred to the genus M nrgantanop

I Godwin-Austen, Rec. Ind. Mus. XV 1, pp. 202-204, pl. xv. (191()).
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sis and probably represents another species of the genus. Owing,
however, to a single young shell being available I do not feel
disposed to comsider it as a distinct species but a figure of the
unique specimen (pl. II, fig. 5) is published for future reference.

Genus Indonaia Prashad.

1918. /ndonaia, Prashad, Rec. Ind. Mus. XV, pp. 148-148, fig. 2.
1921. ./ndonaia, id., 1b., XXII, p. 602.

Six species of this genus are known to occur in Burma.
Of these I caerulea has a wide distribution throughout India and
Burma, I. bonneaudi and I pachysoma occur in Assam and
Burma, I. crispisulcata and I chaudhurii are only known from
Burma, while I. crispata has a wide range in Burma, Siam and
Cambodia.

Indonaia caerulea (Lea).

1889. Unio leioma, Tapparone-Canefri, op. cit., p. 344.
1914. Nodularia caerulea, Simpson, op. cii., pp. 978—98o0.
1915. Nodularia caeruleus, Preston, op. cit., pp. 136, 137.

As a result of my examination of the large series of specimens
of this species in the Indian Museum, I am able to confirm
Simpson’s conclusion that Unio gerbidoms Eydoux, Unio humilis
Lea, Unio corrianus Kiister, Unio leioma Benson, Unio pilatus
Lea, Unio evitatus Lea, Unio trivosiris Sowerby and Unio ander-
sontanus Nevill (part only) are synonyms of this species.

This is the commonest species of the genus throughout India
and Burma and it is represented by a large series of specimens in
the Indian Museum.

Indonaia bonneaudi (Eydoux).

1889. Unio Bonneaudi, Tapparone-Canefri, op. cit., p. 343.
1914. Nodularia bonneaudi, Simpson, op. cit., pp. 988, 989.
191, Nodularia bonneaudi, Preston, op. cit., pp. 140, 141.
I have not seen the specimens referred to this species by
Tapparone-Canefri, but have no doubt as to his identification.
The species is widely distributed in Assam and Burma and
is represented by a large series of shells in the Indian Museum.
The specimens show great variation both as regards shape and
colour. Normally they are oval or ovate but some are distinctly
rostrate posteriorly , in colour they vary from yellowish green to
dull brown or even black.

Indonaia chaudhurii (Preston).

1912. Nodularia chaudhurii, Preston, Rec. Ind. Mus. V11, p. 29o.
1914. Nodularia chaudhurii, Simpson, op. cit., p. 988.
1915. Nodularia chaudhurii, Preston, op. cit., p. 140, fig. 7 (1, 2).
I am not quite certain as to the validity of this species.
The only specimens 1 have seen are the type-series of Preston.
They come very near I. bonneauds, but the shells are shorter, more
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ovate, less inflated and have the sculpture more pronounced.
For the present I propose considering this species as distinct,
but believe that it will only turn out to be a form of I bonneauds
when more material is collected.

Indonaia pachysoma (Benson).
1914 Nodularia pachysoma, Simpson, op. cit., p. 987.
1915. Nodularia pachysoma, Preston, op. cit., pp. 139, 140.

I pachysoma is nearly related to I. bonneauds and 1. caerulea.
From the former it is distinguished by its more elongate, more
inflated, but less deep shells, more pronounced umbones and much
stronger hinge, while from the latter it differs in having much
brighter and more inflated shells and in the entire absence of the
radial sculpture on the sides.

The species has practically the same distribution as I. bonne-
audi and is represented in the Indian Museum by a large series
of specimens from the Brahmaputra River, Assam, and the Irra-
wadi River, Burma.

Indonaia crispata (Gould).

1914. Nodularvia cvispata, Simpson, op. cit., pp. 994, 995.
1915. Nodularia cvispata, Preston, op. cit., p. 142.

Gould’s original description is very short but Simpson has
recently given an elaborate description. It is a very character-
istic form and is easily distinguished from all other Burmese
species of the genus by its sculpture, which consists of green
zigzag radial lines interspersed here and there with thicker nodules
on a yellowish to brownish ground ; the ridges run transversely in
the anterior region and vertically in the posterior part of the
shell.

In the Indian Museum collection the species is represented
by specimens from Bhamo (Burma), Siam and Cambodia.

Indonaia crispisulcata (Benson).

1914. Nodularia crispisulcata, Simpson, op. cit., p. 1017.
1915. Nodularia (Radiatula) crispisulcata, Preston, op. cit., pp. 146,

147.

Simpson in 1900 separated this species along with his N lima
to form a new section, Radiatula, of the genus Nodularia ; but as
I have recently ! shown there is no justification for separating I.
lima from species like I caerulea and I. bonneauds. Nothing is
known about the anatomy of I crispisulcata and 1 do not consider
the shell characters alone as being sufficient for the separation of
this species into a distinct section.

The species, as represented by a large series of shells from
Bongong River, Burma, in the Indian Museum, is remarkably
constant in the sculpture of the shell.

U Prashad, Rec. /nd. Mus. XXI1I, p. 604 (1921).
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Genus Oxynaia Haas.

1913. Oxynaia, Haas, op. cit., p. 34.
1913. Oxynaia, Haas, op. cit., p. 152.
1914. Nodularia (in part), Simpson, op. cit., p. 115.

Haas established this genus for the species N jourdys, N
diespiter, N micheloti and N pugio of Simpson’s composite
genus Nodularia. Of these I have only seen specimens of
Oxynaia pugio, but the descriptions of the other species and my
examination of the specimens of O. pugio justifies Haas’ separa-
tion of these species into a distinct genus.

Oxynaia pugio (Benson).

1862. Unio pugio, Benson, Ann. Mag. Nat. Hist. (3) X, p. 193.
1889. Unio pugio, Tapparone-Canefri, op. cit. p. 344.

1913. Oxynaia pugio, Haas, op. cit., pp. 158, 159, pl. xiv, figs. 6, 7.
1914. Nodularia pugio, Simpson, op. cit., p. 9go.

1915. Nodularia pugio, Preston, op. cit., p. 141.

This species has a strongly marked and angled posterior ridge
running to the cuneate posterior margin, the shell region lying
internal to the ridge between the two valves is nearly flat, but is
divided in some specimens by the line of union of the two valves
rising in the middle ; both the anterior and posterior margins are
very short, the posterior being much the shorter of the two and
distinctly cuneate owing to the ventral margin sharply rising up to
meet the point of union of the posterior ridge; the beaks are
elevated but not very full. The hinge is characteristic in that the
pseudocardinals in the right valve are double, but the anterior is
reduced to a thin, lamellar structure only, while the posterior is
thickened into a triangular, conical and more or less canine-shaped
tooth ; in the left valve also there are two pseudocardinals placed
in line with one another, the anterior is small and somewhat coni-
cal, the posterior is elongate, ridge-like or triangular and the two
are separated from one another by a fairly deep concavity in which
the tooth of the corresponding valve fits. Nothing is known about
the anatomy of any of the species of the genus Oxynaia.

In the Indian Museum the species is represented by a large
series of shells from Tenasserim, Pegu, Sawaddy River and from -
Myadongin Burma.

A single specimen from Arrakan appears to belong to a distinct
variety, but with this scanty material I do not feel justified in
describing it as such.

Genus Physunio Simpson.

1918. Physunio, Annandale, Rec. Ind. Mus. X1V, p. 138.

In the paper cited above Annandale described two interesting
spectes of this genus from the Inlé Basin. The soft-parts of these
were described by Ghosh ! and further notes on the anatomy were

L Ghosh, Rec. Ind. Mus. XV, pp. 109-122, pl. xvi (1918).
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added by me! later. I have nothing further to add regarding
these two species (P. micropteroides Annandale and P. ferrugineus
Annandale).

Genus Pseudodon Gould.

1844. Pseudodon, Gould, Proc. Boston Soc. Nat. Hist. I, p. 101.

1853. Morcz)odontz'na, Conrad, Proc. Acad. Nat. Sci. Philadelphia, \'l, p.
209.

1914. Pseu?iodon (in part), Simpson, 0p. cit., p. 1079.

1915. Pseudodon s. s. (in part), Preston, op. cit., p. 152.

1919. Monodontina, Prashad, Rec. /nd. Mus. XVI, pp. 403—408.

1920. Pseudodon (subgen. Monodontina), Haas, op cit., p. 318.

I am afraid I am responsible for introducing some confusion in
the already confused state of affairs regarding this genus. In the
paper cited above I revived the generic name Monodontina for
species like P. vondembuschiana,since the animal of P. chaperi,
which I consider as one of the varieties of this species, was veryv
different from that of P. salwenianus (wrongly spelt salvenianwus)
described by me in a previous paper.?! 1n thegenus Monodontina I
alsoincluded the species P. tnoscularis as a variety of P. vondembus-
chianus, having through oversight considered P. salwenianus, in-
stead of P. inoscularis, as the type of the genus Pseudodon. Since
the genus Monodontina, with P. vondembuschiana as its type-species,
is synonymous with Psexdodon with P, inoscularis as its type, the
former name must give way to the latter, it having been described
about nine years after Pseudodon. The genus Pseudodon as now
restricted will include the spzcies or varieties orbicularis, cambod-
jensis, ovalis, ellipticus, zollingeri, vondembuschianus, chaperi,
ponderosus and inoscularis. The specimen which I doubtfully
assigned to cumingii (loc. cit., p. 408) is not the true cumingii
and cannot be included here.

Pseudodon vondembuschiana var. inoscularis (Gould).

1919. Monodontina vondembuschiana var. inoscularis, Prashad, op.
cit., p. 408.

1921. Pseudodon (Pseudodon) inoscularis, Haas, op. cit., p. 341, pl
xlii, fig. 7.

In the paper cited above I have given reasons for considering
this species as a variety of Lea’s vondembuschiana, but as 1T have
stated above I made a mistake in adopting the generic name
Monodontina.

In the Indian Museum collection this variety is represented
by two specimens from Tenasserim.

Genus Trigonodon Conrad.

1865. T7rigoncdon, Conrad, Amer. Fourn. Conch. 1, p. 233

In view of the differences in hinge and other shell characters of
the species that now have to be assigned to the genus Pseudodon,

I Prashad, Rec. Ind. Mus. XIV pp. 183-18s, pl. xxit (1918) and X VI, p.
294, fig. 5 (1919). % Prashad. Rec. Ind. Mus XV, p. 295, fig. 6 (1919),
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the species peguensts with its two varieties must now be separated
from it. The arrangement, however, is only provisional till the
soft parts of these forms are investigated.

Trigonodon peguensis (Anthony).

1900, Pseudodon crebristriatus var. peguensis, Simpson, op. cit. p.,
1914. PSSe\Z?;OdO?Z peguensis, Simpson, op. cit., pp. 1083, 1084.
1915. Pseudodon peguensis, Preston, op. cit., p. 150.

As stated in the notes on the genus above, I have been obliged
to revive Conrad’s generic name Trigonodon for this species and its
varieties. The type-species of the genus is Monocondylaea crebri-
striatus Anthony, which I think is no more than a variety of T pegu-
ensts.

Simpson in his first work treated this species as a variety of
M crebristriatus, but in his Descriptive Catalogue he was doubtful
whether the two were distinct. His first course was not correct
since, if the two forms are varieties of the same species, the name-
of the species should be T peguensts, this being the first of the two
species described by Anthony.

As a result of my examination of a fair series of specimens of
this species and of the form crebristriatus from Pegu 1 am
unable to consider the two as distinct species, The latter, how-
ever, owing to the shells being more compressed and the sculpture
more strongly marked, with the umbones a little more inflated,
may be regarded as a distinct variety.

var. crebristriatus (Anthony).

1914, Pseudodon crebristriatus, Simpson, op. cit., pp, 1082, 1083.
1915. Pseudodon crebristiriatus, Preston, op. cit., pp. 150, I51.

There are only two specimens of this form in the Indian Muse-
um collection, from Pegu, the type-locality. They resemble the
original description very closely and only differ from typical 7.
peguensis in the points already noted.

var. curvata (Preston).

1913. Pseuziodon ;;eguensis var, cuvvata, Preston, op. cit., p. 152, fig.
9 (1, 2, 3).

This form, of which I have seen a large series from Pegu,
differs from the forma typica and the var. crebristriatus in having
a less ovate shape, distinctly curved ventral margin, hardly
projecting umbones and in having only very faint sculpture on
the posterior wing.

Genus Indopseudodon, nov.

I have very reluctantly adopted the course of introducing a
new generic name for the species P. salwenianus and P. ava, as the
anatomy of the related forms is not known and as so many new
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subgeneric names have recently been introduced by Haas. Prob-
ably my new name may have to be dropped when the exact
generic positions of the various subgenera of Haas can be decided
by examination of the animals of these species. -

The soft parts of this genus were described by me in 1919 ! as
those of Pseudodon, s.s., based on an examination of the animal of
P. salwenianus.

Indopseudodon salwenianus (Gould).

18.44. Anodon salwenianus, Gould, op cit., p. 100.

1914. Pseudodon salwenianus, Simpson, op. cit., pp. 1093, 1004.

1915. Pseudodon salwenianus, Preston, op. cit., p. 152.

1919. Pseudodon salwenianus, Prashad, op. cit., pp. 295, 290, fig. 0
(animal).

1920. Pseudodon salwenianus, Haas, op. cit., pp. 341. 342, pl. «liii,
fig. 4.

I. salwenianus, as Simpson pointed out in his description of
the species, is distinguished from the allied species by its consider-
able length and by the strong plicated sculpture on the posterior
wing.

In the Indian Museum collection it is represented by a fair
series of specimens from the Tenasserim River and a shell with
the label ““ Burma ,”’ exact locality not stated. No specimens of

this species were obtained by Fea,

Indopseudodon ava (Theobald).

1873. Monocondylaea avae, Theobald, Fourn. As. Soc. Bengal, XI.11.
pt. ii, p. 209, pl. xvii, iig. 15.

1900. Pseudodon ava, Simpson, op. cit., p. 839.

1914. Pseudodor ava, Simpson, op. cit., p. 1098.

1915. Pseudodon ava, Preston, op. cit. pp. 153, 154.

1920. Pseudodon awvae, Haas, op. cit., p. 343, pl- xliii, figs. 5, 0.

Simpson in his first work included this species in his section

Binereus of the genus Pseudodon, but in his recent ¢ Catalogue’
was doubtful as to its exact position though he still retained
it in this section. Haas, however, from an examination of an
authentic Burmese specimen was able to assign the species to its
exact position near I. salwentanus. 1 have before me one of Theo-
bald’s specimens from Mandalay and can confirm Haas’ conclu-
sions. Theobald’s comparison of this species with cuming: and
inoscularis in the remarks at the end of his description is rather
unfortunate as the species is not related to either of them.

Genus Parreyssia Conrad.
1914. Parreysia, Simpson, op. cit., pp. 1103, 1104.
1919. Parreysia, Prashad, op. cit., p. 292, hig. 3.
Eight species of this genus are now known from Burma. Of
these only P. smaragdites occurs in Assam as well, all the others

I Prashad, Rec. Ind. Mus. XV, pp. 295, .90, fig. 0 (1919).
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being confined to Burma. Most of these Burmese species though
they show near relationships with the other Indian species of the
genus, form a definite group among themselves.

Parreyssia bhamoensis (Theobald).

1873. Unio bhamoensis, Theobald, Fourn. As. Soc. Bengal XLII,
pp. 207, 208, pl. xvii, fig. 1.

1876. Unio blhamoensis, Hanley and Theobald, Conch. Ind. p. 62,
pl. clv, fig. 2.

1878.  Unio bhamoensis (in part), Nevill, in Anderson’s Zool. Res.
Yunnan Exped. p. goo.

1890. Unio bhamoensis, Paetel Conch Sam. I11, p. 146.

1899. Unio bhamoensis, von Martens, Arch. Naturgesch. LLXV, pp.
38, 39, pl. v, figs. 2, 4

1900. Parreysia bhamoensis (in part), Simpson, Proc. U.S. Nat. Mus.

XXII, p. 483.

191 4. Parreysza bhamoensis, Simpson, Descr. Cat. Naiades, pp. 1111,
1112,

1915. Parrveysia (Parveysia) bhamoensis, Preston, Faun. Brit. Ind.
Freshw. Moll. p 163.

The type-specimen of this species from Bhamo, with the
label ““ U Bhamoensis n, sp.” written in Theobald’s hand, is pre-
gerved in the Indian Museum collection. The species was stated
to be a rare one, and Theobald considered it and U mandelayen-
sis, the species descrited next to it, to form ‘“ a natural little
subgroup of osculent species,”” which, however, he did not feel
“ justified in separating from the great Indian corrugatus group.’
Nevill, while working out the Yunnan collections, did not agree
with Theobald s conclusions and united the two spemes U bha-
moensis and U mandelayensis under the former name. Tappa-
rone-Canefri,! in his paper on the Burmese molluscs collected by
Fea, agreed with Nevill in his interpretation of Theobald’s two
forms, but wrongly selected the name U mandelayensis for the
species. I have examined one of Tapparone-Canefri’s specimens
and find that it is a true mandelayensis. Von Martens, who
published good figures of this species, considered the species
U bhamoensis as distinct from U mandelayensis. Simpson in his
first work united the two species under the name P. bhamoensis,
and in this was followed by Preston ; in his later work, however,
having examined more specimens, he rightly regarded the two
species as distinct.

I have examined the types of the two species besides a large
series of specimens in the Indian Museum and find the following
differences between the two species:—(i) The shell of P. bha-
moensts is only sub-triangular as opposed to the distinctly tri-
angular shell of P. mandelayensis, (ii) the beaks in P. bhamoensis
are high but not placed well forwards, (iii) in young shells of
P. bhamoensis the beaks and the umbonal region have only a
taintly marked zigzag radial sculpture which extends over the
posterior wing and a little on the anterior side, but no tubercles

SSI)I‘appalone -Canefri, Ann. Mus. Civ. Stor. Nat. Genova, XXVII, p. 342
1059
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are ever developed, in P. mandelayensis on the other hand the
tubercles are always distinctly developed and the sculpture is
much coarser, and (iv) the hinge of P. bhamoensis has lamellar
pseudocardinals which are not very thick, not at like tooth-like
and only slightly ragged.

In the Indian Museum collection the species is represented
by the type-specimen from Bhamo and a fair series of specimens
of all ages from Sagaing, Zayleyman and Tavoy in Burma.

Parreyssia mandelayensis (Theobald).

1873. Unio mandelayensis, Theobald, op. cit., p. 208, pl. xvii, fig. 2.

1876. Umnio mandelayanus, Hanley and Theobald, op. cif., p. 62. pl.
cliv, fig. 4.

1878. Unio bhamoensis (in part), Nevill, op. cit., p. goo.

1889. Unio mandelayensis, Tapparone-Canefri, op. cit., p. 342.

1890. Unio mandelayensis, Paetel, op cit., p. 158.

1899. Unio mandelayensis, von Martens, op. cit., p. 38.

1900. Parreysia bhamoensis (in part), Simpson, op. cit., p. 843.

1914. Parreysia mandelayensis, Simpson, op. cit., pp. 1112, 1113.

1015. Parreysia (Parreysia) tlhamoensis (in part), Preston, op. cit., pp.
163, 164.

The question of the validity of this species as distinct from
P. bhamoensis has been discussed already in the account of the
latter species, and I would only note here the distinguishing
features of the species.

The shell is triangular with a very high and forwardly placed
beak, the beak and the umbonal region are both very strongly
sculptured and often have distinct tubercles or even spines
developed in this region. The hinge is very strong, with compact,
thick and distinctly tooth-like pseudocardinals.

I have examined a specimen from Theobald’s collection,
which is the one figured by him in the paper cited above and is
probably the type of the species. Besides I have examined one
of the specimens named by Tapparone-Canefri, and other speci-
mens in the Indian Museum collection from Bhamo, Sheinmagah,

Maydong and Pegu in Burma.

Parreyssia houngdaranicus (Tapparone-Canefri),
Pl. 1I, fig. 6.

1889. Unio foungdaranicus, 'Tapparonc-Canefri, op. cit., p. 341.
1900. Parreysia tavoyensis var. triembolus 1in part), Simpson, op. cit.,

P- 844. )

1914. Parreysia tavoyensis var. triembolus (in part), Simpson, vp. cit.,
pPp. 1115, kI10.

1915. Parreysia tavoyensis var. triembolus (in part), Preston, op. cit.,

p. 167.

Simpson, on the basis of a specimen labelled U. houngdaran:-
cus from Fea's collection in the U.S. National Museum, placed
U. houngdaranicus in the synonymy of what he called Parreysia
tavoyensis var. friembolus, but from his remarks it appears that
he was not quite certain as to the correctness of his conclusions.
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As a result of a careful examination of Tapperone-Canefri’s
type-specimen of the species and the forms with which Simpson in-
cluded it, I am of opinion that Simpson’s conclusions are quite
untenable. Not only is the species quite distinct from Benson’s
Unio triembolus, but it also has no relationship whatsoever with
Gould’s Unio tavoyensis. It is on the other hand to be grouped
with species like U bhamoensis and U mandelayensis, forms in
which the anterior margin is greatly shortened, the beak placed
far forwards and the posterior side drawn out into a cuneate or
elliptical lobe. The species may be redescribed as follows :—

Shell subrhomboidal to subovate, moderately inflated  subsolid,
inequilateral; beaks high and full, very forwardly placed and
recurved outwards and downwards, with a fairly deep cavity,
sculptured irregularly with low zigzag transverse bars extending
over a little more than the depth of the shell; posterior ridge only
feebly marked, dorsal margin slightly arched, somewhat truncate ;
anterior margin very short, rapidly curving inwards between the
umbones in the lunule region and regularly curving below over the
podium to meet the nearly straight or slightly arcuate ventral
margin; posterior margin longer than the anterior, sharply trun-
cate and rather slanting; epidermis dark brown to black, some-
what shining, ligament prominent, of an amber to chocolate
brown colour, hinge-teeth moderately strong; pseudocardinals
slightly ragged, three in the right valve, of which the middle is
the largest, and three in the left valve, of which the posteriormost
is the best developed ; laterals slightly arched, single in the right
and two in the left valve, anterior muscle scar deeply impressed,
posterior quite shallow ; nacre shining white in the umbonal region
but with a light bluish tinge below.

The type-series was collected by Fea in the Houngdaran
River, Meetan, Tenasserim, Ioower Burma.

Parreyssia smaragdites (Benson).

1862. Unio smaragdites, Benson, Aun. Mag. Nat. Hist., (3) X, p. 190.

1866. Unio smaragdites, Blanford, Fourn. As. Soc. Bengal XXXV, p.
147.

1876.  Unio smaragdites, Hanley and Theobald, op. cit., p. 5, pl. x, fig.

1877. Unio andersoniana (in part), Nevill, Fourn. As. Soc. Bengal,
XLVI, p. 40.

1878.  Unio andersoniana (in part), Nevill, op. cit.. pp. 9o1, 9oz, pl.
Ixxx, figs. 9, 9a, 9b.

1889. Unio smaragdites, Tapparone-Canefri. op. cit., p. 343.

1890. Unio smaragdites, Paetel, op. cit., p. 167.

1899. Unio smaragdites, von Martens, op. cit., p. 39.

1900. Parreysia smarvagdites, Simpson, op. cit., p. 843.

1911. Parreysia favidens (in part), Simpson, op. cit., pp. 1109, 1110.

1915. Parrveysia (Parreysia) smaragdites, Preston, op. cit., p. 163.

Simpson recently regarded P. smaragdites as only a synonym
of P. favidens, but the former species, as is clear from the large
series of specimens in the Indian Museum, is quite distinct from
the latter. Nevill’s large series of Unio andersoniana from Burma



1922.] B. PRASHAD : Burmese Unionidae. 103

mostly consists of this species, the remainder being young shells
of Indonaia caerulea.

P. smaragdites, as was noted by Benson, is characterized by
the shells being of a beautiful green colour interspersed with
lemon-yellow in the middle, the beaks being submedian and
greatly deflected forwards, with deep cavities and a well-marked
lunule.

Benson’s specimens were taken in the Berhampooter (Brahma-
putra) River, Assam, but the species is now known to have a wide
range in Burma and Assam.

Parreyssia burmanus (Blanford).

1809. Unio burmanus, Blanford, Proc. Zool. Soc. London, p. 449.

1875. Unio wulcan=s, Hanley, Proc. Zool. Soc. London, p. 600.

1876. Unio burmanis and Unio wulcanus, Hanley and Theobald,
op. cit.,, p. 19, pl. xlii, fig. 7 and p. 62, pl. clv, fig. 3.

1878. Unio burmanuc Ne\lll op. cit., p. goo.

1879. Unio burmanus, Jappalone Cdncfn op. cit., p. 343.

18go. Unio burmanus and Uuio vulcanus, Paetel. op. cit., pp. 140 and
172. ’

7 1899. Unio burmanus, von Martens, op. cn‘ p- 38, pl. v, fig. 5.

1900. Parreysia burmanus and P. u:/rnnux Simpson, op. cit., p. 845
and p. 814.

1912, Parreysia pernodulosa, Preston, Rec. Ind., Mus. \'11, p. 300.

1914. Parreysia burmanus, Simpson, op. cit., p. 1120.

1915. Parveysia burmanus, P. pernodulosa. and P. vulcanus, Preston,
op. cit., pp. 170, 164, 168.

The only specimen of this species which T have seen from Fea’s
collection is a half-grown individual. It is decidedly longer in
proportion to the height and is abnormal so far as the sculpture
is concerned. The nodular sculpture which is a characteristic of
the umbones of the young and half-grown shells of this species is
quite obsolete and the radial sculpture over the rest of the beak is
also feebly developed.

The specimens figured by von Martens (loc. cit.) are, in my
opinion, not referrable to this species and I have therefore included
a reference to his notes on this species with a reservation only.
Hanley’s Unio vulcanus, which was described from a single speci-
men and later figured by Hanley and Theobald in the Conchologia
Indica, is undoubtedly based on a young specimen of this species.
Some of the half-grown shells from Bhamo in the Indian Museum
collection answer to Hanley’s description and are quite like the
figure of the type-shell in the Conchologia Indica. According to
von Martens (loc. cit., p. 38), however, the young shells of Unio
tavoyensis resemble the figure of the type of U. vulcanus. Preston’s
P. pernodulosa is based on very young shells of this species.

The types of this species along with a large series of speci-
mens from the type-locality, the Irrawadi River near Bhamo, are
preserved in the Indian Museum. The types of Preston’s P.
pernodulosa were collected by Dr. Anderson at Zaleyman in Upper
Burma; Fea’s specimens were taken at Teinzo in the Mule
Stream, north-east of Bhamo.
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Parreyssia tavoyensis (Gould).

1843. Unio tawoyensis, Gould, Proc. Boston Soc. Nat. Hist. |, pp. 140,

141. '
1856. Unio tawvoyensis, Kister, in Martini and Chemnitz, Conch.-Cab.,

Unio, p. 160, pl. xlviii, fig. 2.
1862. Unio tavoyensis, Gould, Otia Conch. p. 190.
1864. Unio tavoyensis, Reeve, Conch. Icon. X V1, pl. xiii, fig. 49.
1866. Unio tavoyensis, Blanford, Fourn. As. Soc. Bengal XXXV, p.
148.
1868. Unio parma, Benson, Sowerby in Conch. Icon. XVI, pl. xclviii,
fig. 514.
1870. Mabrgaron (Unio) tavoyensis, Lea, Synonyms, p. 3

N

I.

1876. Unio parma and U. tavoyensis, Hanley and Theobald, op. cit.,
p. 61, pl. cliv, fig. 1 and p. 62, pl. cliv, figs. 6, 7.

1889. Unio parma, Tapparone-Canefri, op. cit., p. 2309.

1890. Unio parma, U. savoyensis and U. tavoyensis, Pactel, op. cit.,
pp-164, 166, 169.

1899. Unio tavoyensis, von Martens, op. cit., pp. 37, 38.

1900. Parreysia tavoyensis, Simpson, op. cit., p. 843.

1914. Parreysia tavoyensis, Simpson, op. cit., pp. 1114, 1115.

1915. Parreysia tavoyensis, Preston, op. cit., pp. 167, 168.

Unio parma Benson, was doubtfully included by Simpson
and Preston in the synonymy of this species; having before me,
however, one of Benson’s original specimens, probably a cotype
of the species, T am now able to confirm Simpson’s conclusions.
Tapparone-Canefri’s specimen from Bhamo, referred to in his
paper cited above as U parma and another from Tenasserim
labelled Unio sp. also belong to this species. Simpson considered
Benson’s Unso triembolus as a variety of P. tavoyensis, but an
examination of one of Benson’s type-series of specimens shows
that U friembolus is quite a distinct species.

The umbones and a considerable part of the valves in the
young shells are covered with a beautiful zigzag sculpture; this
however, becomes obsolete with age and hardly a trace of it is
left in full-grown individuals.

P. tavoyensis is represented in the collection of the Indian
Museum by a large series of shells from Pegu, Tenasserim, Tavoy
and Arrakan.

Parreyssia feddeni (Theobald).

1874. Unio feddeni, Theobald, Fourn. As. Soc. Bengal XLII, pt. ii,
p. 208, pl. xvii, fig. 3.

1877. Unio feddeni, Nevill, Fourn. As. Soc. Bengal XI1.VI, pt. ii, p.
38.

1878. Unio feddeni, Nevill, op. cit., p. goo.

1900. Parreysia feddeni, Simpson, p. cit.. p. 105.

1914. Parreysia feddeni, Simpson, p. cit., pp. 1113, 1114.

1915. Parreysia (Parveysia) feddeni, Preston, op. cit., p. 165.

This species was described by Theobald from shells collected
by Mr. F. Fedden and said to have been obtained from the Peem-
gunga River in Central India. Later Nevill, when reporting on
Dr. Anderson’s Yunnan collections, stated that the species is tol-
erably abundant in the rice-fields at Pegu and also at Vaylay-
maw in Burma. He also doubted Central India as the proven-

ance of this species from the fact that in the ‘‘carefully kept
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collections of Mr. H. F Blanford’’ specimens of U. feddeni obtained
from Fedden were labelled as from Burma. Since Fedden had col-
lected in both localities the probabilities were that Theobald had
mixed up the labels of his specimens. The only specimen of this
species now in the Indian Museum collection is from Burma and
none of the Central Indian specimensin the collection are referrable
to this species. It is probable, therefore, that Nevill was correct
in considering this species as a true Burmese form,

Theobald’s description of the shell of this species, except for
the inaccuracy in his description of the hinge pointed out by me
in a recent paper !, is quite complete and needs no amplification.

The species is not represented in Fea’s Burmese collections.

Parreyssia feae (Tapparone-Canefri).
Pl. 11, figs. 7, 8.

1889. Unio feae, Tapparone-Cancfri, op. cit.. p. 340.
1900. Parreysia feae, Simpson, op. cit., p. 814.

1914. Parreysia feae, Simpson. op. cit.. pp. 1110, 1117.
1915. Parreysia (Parrveysia) feae, Preston, op, cil., p. 163.

This species, which was described from specimens collected
at Meetan in the Houngdaran River, Burma, has never been
figured and was hitherto known only from the author’s original
description and the short notes added recently by Simpson from
an examination of some of Fea’s specimens. The following addi-
tional notes are based on three specimens one labelled ' Type ”’
and the other two ‘“ Co-types,”” which have been presented to the
Indian Museum by Dr. R. Gestro of the Genoa Museum.

The shells of this species vary in outline. In the young they
are subrhomboidal but become more elongate as growth proceeds.
The zigzag radial sculpture of the young shells becomes obsolete
with age and in fully grown shells is just faintly indicated. The
umbones are high, recurved forwards and inwards but not meeting
in the middle line ; they are often weathered even in half-grown
individuals. The young shells are dirty yellow interspersed with
green in the region with raised zigzag sculpture, older shells are
yellowish-brown, while the full-grown type is dark chocolate-
brown. The nacre is bluish white.

Genus Lammellidens Simpson.
1914, Lamellidens, Simpson, op.-cit., p. 1105.
1919. Lamellidens, Prashad, op. cit., p. 293, fig. 4.

A large number of specific and varietal names have been
given by previous authors to ordinary variations of the commoner
Indo-Burmese forms of this genus, and it has been found neces-
sary on examination of the large collections of Unionids now
available, to drop most of these names. I am now able to recog-
nize only six definite species and varieties as occurring within the

I Prashad, Rec. Ind. Mus. X1X, p. 713 (1920).
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limits of Burma. Three of these L. gemerosus, L. lamellatus and
L. scutum are confined to Burma, while the other three have a
much wider distribution.

Lamellidens marginalis (LLamarck).

1876.  ? Unio marginalis var. zonata, Hanley and Thcobald, op. cit.,
p. 20, pl. xliv, fig. 2.

1889. Unio marginalis with vars. subflabeilatta, cylindrvica (nec
Hanley and Theobald) and obesa (nec Hanley and Theobald),
U. protensus var. obtusatus, Tapparone-Canefri, op. cit., pp.

345. 346, 350. .

1914. Lamellidens marginalis, Simpson, op. cit., pp. 1166-1168.

1915. Lamellidens marginalis, Preston, op. cit., pp. 175, 170.

1921, Lamellidens marginalis, Prashad, Rec. /nd. Mus. XX1I, p. 606,
fig 6A.

In the paper cited above I have recently given the distinc-
tive characters of the species and have figured the hinge of a
typical specimen.

Tapparone-Canefri was apparently unaware of the great
variation in the shape and form of this species and gave specific
and varietal names to shells which are quite typical. As a result
of my examination of Tapparone-Canefri’s named specimens I
find that five of his names, including his true marginalis, must be
treated as synonyms. Simpson doubtfully included U#nio dolichor-
hynchus and U. gianelli in the synonymy of L. marginalis, but
the former on examination of the type was found to be an
elongate specimen of L. corvianus and the latter a half-grown
L. scutum. ‘The various Burmese forms included by Preston as
varieties and subspecies of this species, are discussed in the notes on
the several species.

L. marginalis has a very wide range of distribution, throughout
India, Burma and Ceylon.

Lamellidens corrianus (I.ea).
Pl, 11, figs. 9-11.

1889. Unio corrianus, U. dolichorhynchus, U. protensus and var.
ellipticus, Tapparone-Canefri, op. cit., pp. 347-350.
19oo. Lamellidens canefrinus, Simpson, op. cit., p. 857.
1914. Lamellidens canefrinus, Simpson, op. eit., p. 1176.
1915. Lamellidens canefrinus, Preston, op. cit., p. 187.
1921. Lamellidens corvianus, Prashad, os. cit., p. 609, fig. 29C.
In the paper cited above I have given reasons for considering
L. corrianus as a species distinct from L. marginalis. As a
result of my examination of Tapparone-Canefri’s types of U
protensus and its var. elliptecus 1 find, that both of them should
be referred to this species, Simpson’s new name canefricus must,
therefore, be sunk in the synonymy of L. corrianus. The type
specimen of L. dolichorhynchus differs from typical shells of
L. corrtanus in being a little more elongate and the cuneation of
the posterior margin is therefore more pronounced, but these differ-
ences in the shape of the shell in the case of a variable species
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such as L, corrianus are not enough to warrant the erection of a
distinct variety, much less a separate species.

L. corrianus like L. marginalis, is widely distributed through-
out India and Burma.

Lamellidens jenkinsianus subsp. obesa (Hanley and
Theobald).

1920. Lamellidens jenkinsianus subsp. obesa, Prashad, Rec. Ind.
Mus, XIX, pp. 170-172, pl. ix, figs. 1, 2.

In the paper cited above I have recently discussed the
question of the various forms of L. jenkinsianus. In Fea’s
collection from Burma there is a young specimen of the form
obesa from Tonghoo. This specimen is one of the few unnamed
specimens of Fea’s colléction and only had the name ¢ Unio’ on
the label. The specimen is from the same locality from which
Theobald’s specimens, now in the Indian Museum, were collected.

It may also be noted here that the specimens referred to as
Unio marginalis var. obesus by Tapparone-Canefri (loc. cit., p. 346)

are, as has been pointed out already, only typical specimens of
L. marginalss.

Lamellidens generosus (Gould).
Pl I, figs. 12-17.

1847. Unio genevosus, Gould, op. cit., p. 220.
1870. Margaron (Unio) generosus, Lea, Synonyms, p. 20. .
1876. Unio generosus and var. angustior, id., 1b.,, p. 22, pl. xlvi, figs.

4, 7. _

1876. Unio lamellatus, var. (nec Lea), Hanley and Theobald, op. cit.,
p.- 5 pl. ix, fig. 6.

1889. Unio marginalis var. sonata (nec Hanley and Theobald),! var.
tricolov (nec Kister), U. pulcher and var. lamellatiformis,
U. generosus and var. delapsus, Tapparone-Canefri, 0p. cit.,
Pp- 346, 347, 350, 351, 352. )

1899. Unio generosus, von Martens, op. cit., p. 46.

1900. Lamellidens generosus, Simpson, op. cit., p. 857.

1912. Lamellidens marginalis subsp. sawaddyensis, Preston, Rec. [nd.
Mus, VII, p. 305.

1914. Lamellidens marginalis var. tricolor and subsp. sawaddyensis,
L. Burmanus?® and L. generosus, Simpson, op.cit., pp. 1168,
1169. 1170, 1175. '

1915. Lamellidens marginalis var. ¢ricolor and subsp. sawaddyensis,
and L. pulcher with var. lamellatiformis, Preston, op. cit., pp.
176, 177, 185,

The above elaborate synonymy is based on a careful examina-
tion of the type-specimens of Tapparone-Canefri’s and Preston’s
new species and also of authentic specimens of others in the
Indian Museum collection.

The specimens identified by both Tapparone-Canefri and

Preston as belonging to the var, #ricolor Kiister are undoubtedly

t
I Hanley and Theobald, Conch. Ind. p. 20, pl. xliv, tig. 2. The shell figured
is apparently a young specimen of L. marginalis.
2 The second name, Lamellidens Buwmanus, on the same page (1170)
certainly a lapsus calami for I thwaitesi.
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the young of this species and I have little doubt that Kiister’s
types also belonged to it.

Simpson has recently described this species very fully and I
have nothing more to add to his description beyond noting the
changes that take place in the colour of the shell during growth.
The young shells are fulvous or chocolate-brown in the umbonal
region and the greater part of the shell is bordered by a broad
band of deep yellow on the inner side, while the dorsal slope to-
gether with the posterior wing and the rest of the shell are
shining green. As the shell grows the green and yellow gradu-
ally disappear and the shells as a whole become dark chestnut to
black ; the umbonal region, however, is always much lighter. A
certain amount of variation is also exhibited by the posterior
wing and the posterior margin; in young shells the wing is
usually much broader proportionately and more marked, but as
the shells increase in size it becomes much narrower , the posterior
margin shows much greater variation, it may be only somewhat
narrowed or may even take on a distinct cuneate appearance.

In the Indian Museum collection this species is represented
by a large series of specimens of all ages from various localities
in Burma,

Lamellidens lamellatus (Lea).

1838. LU'nio lamellatus, l.ea, Trans. Amer. Phil. Soc. V'lI, p. 19, pl.
vi, fig. 16. .

1889. Unio pulcher var. ponderosulus, Tappaione-Canefri, op. cit.,
PP- 351, 352 )

1914. Lamellidens lamellatus, Simpson, op. cit., pp. 1172, 1173.

Both Simpson and Preston have wrongly included Lea’s Unzo
layardi in the synonymy of L. lamellatus. Lamellidens layardi
has no relationship whatsoever with such Burmese species' as
L. generosus, L. lamellatus and L. scutum, but is closely allied to
L. marginalis.

L. lamellatus, as has been noted above, is allied to L. genero-
sus, but is distinguished by its general shape, thinner shell, less
well developed post-dorsal wing and more delicate hinge-teeth.

I have examined a large series of this species from wvarious
localities in Burma, in the Indian Museum collection.

Lamellidens scutum (Sowerby).

1868. Unio scutum, Sowerby, Concli. Icon. X VI, pl. xciv, fig. 510.

1876. Unio scutum, Hanley and Theobald, Conch. I'nd. p. 22, pl. xlvi,
fig. 1.

1889. Unio gianelli with var. degener, Tapparone-Canefri, op. cit.,
PP- 353 354+ | )

1899. Umnio scutum, with var. humilior, von Martens, op. cit., pp. 45,
46.

1912. Lamellidens marginalis var, sublamellata, Preston, op. cit., p.
305.

1914. Lamellidens scutum, Simpson, op. cit., pp. 1173, 1174.

1915. Lamellidens marginalis vars. gonata (nec Hanley and Theo-
bald), sublamellata, scutum and humilior, Preston, op. cit., pp.
177, 181, fig. 19 (1-3).
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An examination of the types of Unio giannelli, its var. degener
L. marginalis var. sublamellata and shells identified as var. zonata,
has shown that they are all referrable to this species. The shells
of var. humilior von Martens also gradually fade into those of the
typical form and it is impossible, therefore, to distinguish this
variety.

L. scutum has a comparatively less broad, less tumid, but
more elongate type of shell than that of either L. gemerosus or
L. lamellatus—the other two species of this interesting group.
The group, so far as is known at present, is confined to Burma.

Genus Trapezoideus Simpson.

1921. 7rapeszoideus, Prashad, Rec. Ind. Mus. XXI1I, p. 609.

In the paper cited above I have described the anatomy of
this interesting genus. In Burma it is represented by five species,
all of which, with the exception of T foliaceus, are endemic in
Burma,

Trapezoideus exolescens (Gould).

1843. Unio exolescens, Gould, op. cit., p. 141.

1852. Margaron {Unio) exolescens, l.ca, Synoyms, p. 32.

1862, Unio exolescens, Gould, Otia Conch., p. 191.

1866, Unia exolescens, Blanford, Fourn. As. Soc. Bengal, XXXV pt
1, p' I49‘

1876. Unio exolescens, Hanley and Theobald, op. cit., p. 43, pl. cvii,
fig. s.

1877. Unio fragilis, Nevill, Fourn. As. Soc. Bengal, X1.\'1, p. 39.

1878. Unio foliaceus var. fragilis, Nevill, op. cit.,, p. 400, pl. Ixxx,
fig. 8.

1889. Unio exolescens, Tapparone-Canefri, op, cit., p. 349.

1899. Unio exolescens, von Martens, op. cit., p. 42.

1900. Trapezoideus exolescens, Simpson, op. cit., p. 859.

1914. Trapesoideus exolescens, Simpson, op. cit., p. 1185.

1915.  Trapesoideus exolescens, Preston, op. cit, p. 195.

1920. Trapesoideus exolescens, Haas, op. cit., p. 272.

An examination of Nevill’s type of Unio fragilis has shown
that the species should be referred to T exolescens rather than to
var, comptus of T foliaceus as Simpson thought (Joc. cit., p. 1182)
or to T masellus as Haas has done. One of the specimens in
Fea’s collection is labelled Unio microsomus, T. Canefri, n. sp.,” but
this is not referred to in his paper; the specimen is only a young
example of T exolescens ; the other shells referred by T. Canefri to
T exolescens are correctly identified.

The locality of the type-specimens was not certain, but von
Martens’ specimens were obtained at Mandalay and the Indian
Museum specimens are from Bhamo.

Trapezoideus foliaceus (Gould).

1843. Unio foliacea, Gould, op. cit., p. 141.

1852. Margaron (Unio) folidcea, l.ea, op. cit., p. 39.

1862. Unio foliacea, Gould, op. cit., p. 191.

1865. Unio Peguensis, Anthony, Amer. Fourn. Conch. 1. p. 351, pl
xxv, fig. 2. ’
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1866. U/nio foliaceus and Unio peguensis, op. cit., pp. 148, 154.

1868. Unio peguensis, Reeve, Conch. Icon. XVI, pl. xev, fig. 519. .

1876. Unio foliaceus, Hanley and Theobald, op. cit.. p. 19, pl. xlii,
fig. 3.

1889. Unio foliaceus, Tapparone-Canefri, op. cit., p. 345.

1900. Tvapesoideus foliaceus, Stmpson, op. cit., p. 858.

1912. Trapesoideus foliaceus, Preston, op. cit., p. 307.

1914. Trapesoideus foliaceus, Simpson, op. cit., pp. 1181, 1182.

1915. Trapesoideus foliaceus, Preston, op. cit., p. 193. .

1919. Trapezoideus foliaceus, Haas, op. cit., pp. 261, 262, pl. xxxii,

fig. 3.

Anthony’s Unio peguensis is synonymous with this species
and is not referrable to the genus Pseudodon as Simpson believed.
Deshayes and Julien’s U#nio comptus is T misellus, and the type
of Unto fragilis, Nevill, is a specimen of T exolescens (vide p. 109).
Preston’s new variety zaleymanensis is not a variety of this spe-
cies, but is based on young and half-grown shells of T misellus.

T foliaceus is represented in the Indian Musuem collection by
specimens from Bhamo and Zaleyman, Burma.

Trapezoideus dallianus (Frierson).

1899. Unio foliaceus, von Martens, op. cit., p. 42.
1913. Parreysia dalliana, Frierson, Nautilus, XXVI, p. 142.
1919. Trapeszoideus dallianus, Haas, op. cit., p. 263, pl. xxxii, fig. 4.
Frierson’s species, as Haas has pointed out, is a Trapezoideus
and not a Parrevssia as the author of it thought. Haas has also,
I think, rightly referred von Martens’ specimens of T joliaceus to
this species.
In the Indian Museum there is a single right valve from
Burma, exact locality not stated, which belongs to this species.

Trapezoideus misellus (Morelet).

1912. Trapesoideus foliaceus var. zaleymanensis, Preston, op. cit.,

p- 307.
1915. Trapezoideus foliaceus var. saleymanensis, Preston, op. cit.,

. 104.
1919. Trgpezggideus m_z'sellus, Haas, 0p. cit., pp. 266-270, pl. xxxii, figs,
6-9, pl. xxxiii, figs. 1-5.

Haas has given the complete synonymy of this species quite
recently. However, he wrongly included in it Nevill’s U#nto fragi-
lis, the type of which, as T have stated already, is T wmisellus, and
he did not include in the synonymy Preston’s var. Zaleymanensis
of T foliaceus, which was described from young and half-grown
shells of this species.

'The species is represented in the Indian Museum collection by
a fair series of specimens of all ages from Tenasserim, the Irrawadi
River, Zaleyman and Bhamo.

Trapezoideus subclathratus (v. Martens).

1919. Trapesoideus subclathratus, Haas, op. cit., pp. 270-272, pl.
xxiii, fig. 6.
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Careful examination of a single specimen of this form taken
at Sheinpagali, Burma, leaves no doubt in my mind that, as Haas
correctly states, this species is distinct from T wmisellus, of which
von Martens considered it to be a variety.

N . e e e e — i e~



EXPLANATION OF PIATE II.
All figures are direct photographs of dry shells.

Margaritanopsis laosensis (Lea).

F1cs. 1-4.—Shells of various ages, forming the type-series of
Unio sella, Tapparone-Canefri: X3.

Margaritanopsis sp.
Fic. 5.—Type-shell of Unio rectangularis, Tapparone-Canefri:

X 3.

Parreyssia houngdaranicus (Tapparone-Canefri).

F1c. 6.—Type-shell from Houngdaran River, Burma : natural
size.

Parreyssia feae (Tapparone-Canefri).

Fic. 7.—Adult shell from Meetan, Burma: natural size.
8.—Type shell from the same locality : natural size.

)
Lamellidens corrianus (Lea).

F1c. 9.—Type-shell of Unio protensus, Tapparone-Canefri:
X 3.

10.—Type-shell of Unio protensus var. ellipricus, Tap-
parone-Canefri: X 1.

11.—Type-shell of Uwnio dolichorhynchus, Tapparone-
Canefri: X 3.

)

»

Lamellidens generosus (Gould).

F1c. 12,—Young shell of L. marginalis subsp. sawaddyensis,

Preston: X3.
13.—Specimen identified as Unio marginalis var. tricolor

by Tapparone-Canefri: X}.

14.—Half-grown specimen of L. marginalis subsp.
sawaddyensts, Preston: X3.

15.—Type-shell of Unio puicher, Tapparone-Canefri:
X 3.

16.—A shell identified by Preston as L. marginalis var.

sublamellata: X13.
17.—Type-shell of L. marginalis subsp. sawaddayensis,

Preston : X 3.

1)
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»
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